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PREFACE 

Ever since 1959, when herbicides and plant growth regulators were 
considered "pesticides" for the enforcement of United States food and 
drug laws (Colley Amendment), the problem of residues from such 
compounds in raw agricultural crops has become of paramount impor­
tance. Since many tolerances for herbicides are zero or "no residue" 
strictly owing to accepted agricultural practices-for example, for pre­
emergent herhicides-the residue methods have to be of a greater sensi­
tivity than those for compounds with a finite tolerance. 

In Volume IV of this treatise thirty different herhicides and plant 
growth regulators which at present are widely used are covered in 
detail. Experimental methods for formulation and residue analyses have' 
been described by experts or originators of the methods. Where alternate 
procedures have been developed by different laboratories, the combined 
effort by several authors does not necessarily imply seniority of author­
ship (Chapters 11 and 23). Where one analytical method is recom­
mended for several berbicides, the chapters have been combined, for 
example? Chapter 16 covering manuron, diuron, and neburoD, 

Again, as in Volumes II and III of this treatise, other valuable data 
for each compound are included, such as chemical and biological proper­
ties, history of development, methods of synthesis, and modified residue 
methods for different crops. 

The Editor wishes to thank all of the contributors to this volume 
for meeting their deadlines promptly and having adhered to the rigid 
format which such a multi-authored treatise demands. 

Weizmann Institute of Science 
Rehovoth, Israel 
June, 1964 

GUNTER ZWEIG 
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Alanap 
J. R. LANE 

N-I-Naphthylphthalamic acid 

I. GENERAL 

A. EMPIRICAL FORMULA 

C"H"O,N (Mol. wt. 291.29). 

B. ALTERNATE NAMES 

N-I-Naphthylphthalamic acid, NPA, Alanap. Alanap is the registered 
trademark of the U. S. Rubber Co. 

C. SOURCE OF ANALYTICAL STANDARD 

Naugatuck Chemical Division, United States Rubber Company, 
Naugatuck, Connecticut. 

D. BIOLOGICAL PROPERTIES 

The oral LD" for rats is in excess of 8.2 gm/kg of body weight. 
When administered as the water-soluble sodium salt of N-l-naphthylpb­
thalamic acid, the oral LD" for rats is indicated to be ca. 1.9 gm/kg of 
body weight. No adverse effects have been observed in the handling of 
large quantities of Alanap in the laboratory and in the field. 

Alanap is a selective herbicide and growth regulant applied as a 
spray to the soil rather than as a contact herbicide to the weeds. (Ex­
ceptions: careless weed and cocklebur, which are very sensitive to 
post-emergence application.) Both mono- and dic'otyledonous weed 
growth are retarded for a considerable time, or are killed. For maximum 
weed control, Alanap must be applied to the prepared soil surface im-

1 



2 LANE 

mediately or within 48 hours after the crop is planted. Since it has little 
effect on most emerged weed seedlings, application must be made 
before the weed seed germinates. 

Alanap controls various annual broadleaf weeds and grasses such 
as pigweed, carpet weed, purslane, lambsquarter quickwced, ragweed, 
chickweed, cocklebur, velvetleaf foxtail, crabgrass, barnyard grass, goose­
grass, jungle-rice, sprangletop, sandbur, windmill grass, stinkgrass, and 
cup grass; also ground cherry in asparagus, cotton (irrigated), sOJibeans, 
and nUTsery stock (Feldman and Reynolds, 1957). 

E. }bSTORY 

The preparation of the N-aryl phthalamic acids is described in Beil­
stein (1929). Use of these compounds and their derivatives as plant 
growth regulants and phytocides is described by Hoffmann and Smith 
(1949) and in the inventions of Smith and Hoffmann (1951a,h); Feld­
man and Smith (1955); Smith and Feldman (1955, 1956, 1959); and 
Smith and his co-workers (1956a,b). The materials described give typical 
growth regulatory responses including prevention of fruit drop and 
formation of seedless fruit. 

F. PHYSICAL PROPERTIES 
I 

Alanap, a nonvolatile wbite crystalline solid (m.p. 1859C, d"I' 1.40) 
is almost insoluble in water but slightly soluhle in acetone, benzene, and 
alcohol. The alkali salts are very soluble in water (ca. 30 gm/IOO ml 
solution). Decomposition occurs in solutions above a pH of 9.5. 

G. CHEMICAL PROPERTIES 

\ 
1. METHOD O}~ SYNTHESIS :\ 

N-I-Naphthylphthalamic acid is prepared by reacting equimolecular \ 
amounts of phthalic anhydride and I-naphthylamine in benzene, kero­
sene, toluene, or xylene at room temperature. The commercial method of \ 
preparation is described in the invention of Smith and Hoffmann 
(1951b). 

2. CHEMICAL REACTIONS 

N-I-Napbthylphthalamic acid forms aqueous soluble salts with a 
variety of basic materials, is decomposed by strong acid or alkali, and by 
temperatures above 180°C. 

H. FORMULATIONS 

Alnnap-.3, a liquid concentrate, contains 23.7% (by weight) of the 



1. ALANAP 3 

sodium salt of N-I-naphthylphthalamic acid (equivalent to 22% of the 
active N-I-naphthylphthalamic acid). 

Alanap-IOG, a dry granular material, contains 10% (hy weight) of the 
active N_1_naphthylphthalamic acid on an Attaday base. 

II. ANALYSIS 

A. FORMULATIONS-ALA NAP 3 

1. REVIEW OF ~fETHODS 

Potentiometric titration did not distinguish between the sodium salt 
of N-1-naphthylphthalamic acid and small amounts of sodium phthalate. 
Caustic hydrolysis of the sodium salt of N-l-naphthylphthalamic acid and 
distillation of 1-naphthylamine followed by colorimetric determination 
of the amine did not distinguish between any free I-naphthylamine 
present and amine from the N-l-naphthylphthalamic acid itself. Incom­
plete distillation of the amine leads to poor sensitivity and reproducihility. 

2. RECOM~IENDED METHOD 

a. Principle 

Nitrogen in N-l-naphthylphthalamic acid and free 1-naphthylamine 
is converted to ammonium sulfate by digestion with concentrated sul­
furic acid in the presence of a catalyst and a salt to elevate the boiling 
temperature. Ammonia is liberated by the addition of strong alkali and 
quantitatively absorbed in boric acid solution. The ammonia is then 
titrated with standard acid (Furman, 1939). The total nitrogen found 
from Alanap plus any free I-naphthylamine is calculated as AlanaI' (1). 

A second portion of the sample is extracted with ether to dissolve 
free I-naphthylarnine. The absorbance of the extract, measured at 325 
ill!', is used to calculate the percent of free I-naphthylarnine as AlanaI' 
(II). The % Alanap (I) - (II) gives actual % Alanap. 

h. Reagents 

BO'ric acid solution, 4% aqueous. 
Kel-Pac Powder No.2 (Kansas City Lab Supply Company, West­

port Road, Kansas City, Mo.). 
Methyl purple indicator (Fleisher Chemical Co., Washington 4, 

D.C.). 
Sodium hydrOXide, 40% solution (to afford high concentration with 

a minimum heat of solution), 0.1 N. 
Sulfuric acid, concentrated and 0.10 N. 
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Zinc metal, mossy. 
Ether, diethyl, A.R. 

LANE 

c. Apparatus 

Bulbs, connecting and scrubber, modified Davisson l Will Scientific 
lnc., Item 20576). 

Burettes, 50-ml, in O.l-ml graduations. 
Digestion and distillatiun apparatus, Kjeldah!. 
Flasks, Kjeldahl, BOO-m!' 
Flasks, receiving, 500-ml, Erlenmeyer, wide-mouth. 
Stoppers, rubber, Kjeldahl, SOO-ml size (Fisher Scientific Co. Item 

l4-149-A). 
Tubes, delivery, glass, 18 mm I.D., with exit orifice constricted to 

3 mm. 
Spectrophotometer, Beckman Model DU. 

d. Experimental Procedure-N-I-Naphthylphthalamic Acid 

Weigh ca. O.fl gm of Alanap-3 (or 1.5 gm of AlanaI' 10-G) on an 
analytical balance. Transfer the sample to an BOO-ml Kjeldahl flask. Add 
1 Kel-Pac No.2 (open the end of the Kel-Pac and empty the contents 
into the digcstion flask). Add 30 ml of concentrated sulfutic acid. Swirl 
to mix the contents of the flask thoroughly. Place the flask on the diges­
tion unit and apply heat. Digest the contents of the flask until disinte­
graHon of the sample is complete, as jnclicated by a dear green solu­
tion and continue digestion for about 2 hours. (Using the approximation 
of I-hour digestion for every 5 minutes of heating required to turn the 
contents a clear green color.) 

Cool the flask and add 250 ml of distilled water. Mix well and Cool 
the solution in an ice-water bath. To a 500-ml wide-mouth Erlenmeyer 
flask add 75 ml of horic acid solution, 75 ml of distilled water and 8 
drops of the indicator. 

Attach a delivery tube to the distillation unit and elevate the Erlen­
meyer receiving flask so the tip of the tube is immersed to a maximum 
depth in the receiving solution. Turn on the condenser water and heaters. 
Without shaking the cooled Kjeldahl flask, add five pieces of mossy zinc 
metal, then 100 ml of 40% NaOH, allowing it to run slowly down the in­
side neck of the flask so two layers form. Quickly attach the flask to 
the Davisson trap on the distillation unit. 

Thoroughly mix the contents by swirling the Kjeldahl flask while 
holding the stopper connection in place. Distill 200 ml for a total volume 
of 350 ml in the receiving flask. 

Lower the receiving flask so the tip of the delivery tube is no 



1. ALANAP 5 

longer immersed, then discontinue heating the Kjeldahl flask. Allow the 
flasks to remain in this position until the water in the trap has been 
sucked back into the Kjeldahl flask. 

Remove the receiving flask and delivery tube. Rinse the tube down, 
inside and out, with distilled water collecting the washings in the re­
ceiving flask. 

Titrate the distillate with 0.10 N H,SO,. (The color change is green 
to purple with an intermediate gray tinge. True purple is considered 
the end point, while the gray color serves as a warning.) Carry out a 
reagent blank analysis daily exactly as described above. 

e. Determination of Free I-Naphthylamine 

Weigh ca. 0.5 gm of Alanap-3 (ca. 1.0 gm of Alanap 10-G) on an 
analytical balance. Transfer the sample to a beaker and add 30 ml of 
0.1 N NaOH to dissolve Alanap-3 (or wet Alanap lO-G). Transfer the 
sample (filter Alanap 10-G through a Whatman No.4 filter paper) to a 
separatory funnel. Rinse the beaker with 20 ml of 0.1 N NaOH and add 
the washings to the separatory funnel. Extract the aqueous solution twice 
with 45 ml of ether. Combine the ether extracts and adjust the volume 
to 100 ml. Mix well and meaSure the absorbance at 325 m" in l-cm celis. 
Carry ont a reagent hlank analysis and use it as the reference solution 

f. Calculation 
29.1 X (A - B) X N % Total (uncorrected) Alanap (1) = 

S.W. in Grams 

% I-Naphthylamine calculated as % Alanap (II) 
0.733 X Absorbance,,, ... 

S.W. in Grams 

% Alanap (1) - % Alanap (II) = Actual % Alanap 

where A = titer of sample, milliliters 
H = titer of reagent blank analysis, milliliters 
N = normality of sulfuric acid (ca. 0.10 N) 

R.W. = sample weight 

g. Sensitivity 

Results are accurate to within 1% of the Alanap content. The preci­
sion is generally within ±0.05%. Duplicate analyses are made on all 
samples. 

3. DISCUSSION OF METHOD 

The Kjeldahl method for the determination of organic nitrogen is 
satisfactory for the assay of N-l-naphthylphthalamic acid in Alanap-3 or 
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10-G. Free I-naphthylamine, the only possible source of additional nitro­
gen in the sample, is also determined and subtracted. 

B. RESIDUE ANALYSIS 

1. :flEVIEW OF }VlETHODS 

Smith and Stone (1953) developed a sensitive and specific colori­
metric test to determine Al,lllap residues in food crops. Using a. special 
compact distillation apparatus, the crop sample (1 to 5 gm) is boiled in 
30% NaOH. Under these conditions, AlanaI' hydrolyzes readily, the 1-
naphthylamine liberated distills out and is trapped in acetic acid. Addi­
tion of diazotizcd sulfanilic acid produces an intense red coloration at a 
pH of 3 (specific for naphthylamine). All naturally occurring amines 
produce a yellow color with this reagent. Recoveries of 1 p.p.m. are 
obtained from a variety of fleshy crops. 

When field samples treated at the recommended dosages indicated 
no residue at the l-p.p.Ill. sensitivity, it was desirable to increase the 
sensitivity of the method to 0.10 p.p.m. to see if a residue might be 
detected at this level. Increasing the sample size alone did not provide 
increased sensitivity with crops such as peanuts, soybeans, cottonseed, 
and dried plants. These crOps gave heavy foaming and futense inter­
ference. 

In order to ohtain O.l-p.p.m. sensitivity with these crops, Lane and 
his associates ( 1958) made several modifications of the method of 
Smith and Stone (1953), including a much larger sample size, solvent 
extraction of the I-naphthylamine from interference in the distillate and 
use of a hase-line technique calculation. \ 

2. RECO~:lMENDED METHOD 

a. Principle 

In this modification of the method by Lane et al. (1958) Alanap 
hydrolyzes in boiling 40% NaOH to liberate I-naphthylamine which dis" 
tils. Boiling the distillate drives off potential interferences. The 1" 
naphthylamine partitions from the distillate into hexane and subsequently 
into dilute mineral acid. Adjustment of the pH to 3 (for maximum color 
intenSity) and addition of diazotized sulfanilic acid produces a red color 
with I-naphthylamine and a weak yellow color with small amounts of 
natural interfering materials. Absorbance measurement at three waveJ 

lengths and calculation by a base-line technique calculation (as discussed 
by Newell et al., 1958) minimizes the effects of interference and varia' 
tion of the background between samples. 
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b. Reagents 

Sulfanilic acid; saturated 30% acetic acid solution. « 1%) 

c. Apparatus 

Adapter, reducing, with top 24/40 outer and bottom 45/50 inner l' 
joints. 

Bulb, cylindrical connecting, Kjeldahl, with 24/40 inner '$' joints on 
both ends. 

Condenser, West-type, 300-ml jacket length, with top 20/40 outer 
and bottom 24/40 inner l' joints. 

Flask, round-bottomed, 5-liter, with 45/50 l' joint. 
Tube, connecting, 105°, with a top ()uter 24/40 '$' joint. 

d. Experimental Procedure 

i. Analysis. 

Place a 2oo-gm sample of the ground material, 1000 ml of 40% 
NaOH, 5 gm of paraffin wax, 2 ml of Antifoam A, and 1 gm of zinc 
granules in a 5-liter round-bottomed flask. 

Swirl the flask to wet the sample thoroughly and place in a heating 
mantle. Clean and lubricate each joint with glycerol (except the water­
condenser connections). Join securely and position a 4oo-ml beaker or 
flask as the receiver. While cooling the condenser with rapid water flow, 
heat the flask with a "ariac setting of about 120. When an inch of foam 
has formed on the surface of the flask's contents, turn down the Variac' 
setting to 70 until distillation begins. If the foam climbs to the neck of 
the flask, place a wet cloth on the exposed surface of the flask. The foam 
will subside in a few seconds. In a short time the foam will remain at a 
low level. Increase the heating slowly until a Variac setting of 110 is 
reached and distillation will proceed rapidly. 

Collect 200 ml of distillate. Rinse the condenser with 50 ml of 
hexane and combine with the distillate. (Here samples may be stored 
overnight.) Add 50 ml of distilled water to the distillate plus hexane 
and boil until the volume is reduced to 200 m!. Cool the boiled distillate 
to room temperature and transfer to a 500-ml separatory funnel. Rinse 
the emptied receiver with 100 ml of hexane and add to the SOO-ml sep­
aratory funnel. Stopper and shake the separatory funnel briskly for 1 
minute. Allow the layers to settle for 2 minutes, and draw off and discard 
the aqueous layer. Rinse the retained hexane layer once with 100 ml of 
distilled water and draw off and discard all traces of the water layer. 

To the washed hexane layer in the separatory funnel, add 4.5 ml of 
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distilled water and one drop of concentrated hydrochloric acid. Shake the 
funnel thoroughly for 1 minute. Test the wet, ground. glass stopper for 
the pH of aqueous phase with 0.0 to 1.5 pH range Hydrion paper to 
assure a pH of 1.0 or below. If the pH is higher, add a secOlld drop of 
concentrated hydrochloric acid and shake thoroughly. Let the solution 
stand for 2 minutes before drawing the aqueous layer into a 10-ml mix­
ing cylinder. At this point, samples may be stored for as long as 24 
hours before developing the color. 

To the acid solution in the mixing cylinder add dropwise, with mix­
ing, 10% NaOH (containing 0.01 gm phenolphthalein/100 ml) until basic. 
Add 3 ml of glacial acetic acid followed by ten drops of coupling re­
agent (prepared by mixing equal volumes of sulfanilic acid solution and 
0.12% sodium nitrite solution 5 to 30 minutes prior to use). Dilute the 
solution in the mixing cylinder to 10 ml with distilled water, mix well, 
and measure the absorbance at 480, 534, and 600 m" in a Beckman DU 
spectrophotometer in I-em cells 30 minutes after the addition of cou­
pling reagent. 

ii. Discussion of Interference. 

Interference should be nondetectible in all crops (Ta,ble I). Where 
Alanap is present the characteristic red color appears. Where Alanap is 
not present the color solution has a yellowish, almost colorless tinge 
(Fig. 1). NaOH in excess of that needed to neutralize the Hel, just 
prior to the addition of the color-forming reagent, causes a strengthening 
of a yellow background color after the dye has formed. If natural inter­
ference (yellow) appears in an analYSiS, calculations similar to those 
used by Lane et al. (1958) may be substituted. The appearance of inter­
ference color, however, is the exception and is usually caused by devia­
tion in analytical technique. Newell et cd. (1958) discuss the base line 
technique for minimizing the effect of interference on data. 

iii. Sensitivity of the Method. 
\ 

Table I shows actual recovery data from a series of individual un- ' 
treated samples fortified with 0.10 p.p.m. of Alanap before distillation. 
Interference from the various crops is less than 0.02 ppm; 0.03 ppm of 
Alanap is detectible. 

iv. Recoveries. 

Recoveries of Alanap from the eight crops listed in Table I show a 
low of 0.06 p.p.m. and a high of 0.13 p.p.m. with an average recovery 
of 88% from 28 determinations. 
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FIG. l. Typical absorption spectra used for deriving equations. A, untreated 
soybeans; B, untreated soybeans + 15 j,Lg of Alanap. 

TABLE I 
ReCOVERrES OF ALANAP ADDED TO UNTREATED FOOD CRoPS 

Added, I)ewrmina.tions, RC('overed Recovery, Recovery, 
Crop p.p.m. No. p.p.rn.· % Ave. 

Beans 0.08 3 0.06 lo 0.08 78 t<J 98 91 
Melons 0 .10 1 0 .073 73 73 
Peaches 0. 10 2 0 .08 to 0.10 80 to 100 90 
Sweet Potatoes 0.10 5 0 .07 to 0.13 70 to 130 88 
Whll,e Potatoes 0.10 :3 0 .09 to 0 . 114 UO to 114 95 

0 .20 ! 0 . 18 90 90 
Cottonseed 0.10 4 0 .06 t<J 0 .12 60 to ]20 83 

(+25 gm zinc) 0.10 4 0.07 to 0 .11 70 t<J 110 90 
Pea.nut vines 0.10 1 0.08 80 80 
Soybeans 0.10 4 0.089 to 0.11 89 to llO 100 

• (".orrected for interference from untreated samples. 

v. Calculations. 

Prepare a standard curve by processing 0, 10, 20, and 30 /Jog of 
Alanap (0.05, 0.10, and 0.15 p.p.m.) through the given analytical proce­
dure and plot a curve of net absorbance vs micrograms of Alanap. 

N b b Ab (
AbS'48() "' .. + Abs'600 m,,) et a sor anoo = 5·634 m~ - 2 
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Compare the net absorbance found in an unknown sample analysis 
to the standard cun'e to determine p.g of Alanap. The standard curve is 
sufficiently reproducible that an average equation may be derived for 
general use. .. 

P AI. - 32') X Net absorbance 
.p.m. anap - . ~ I t ( ) ,::lampe w. gm 

3. APPLICATION OF THE METHOD TO DIFFERENT CROPS 

The method is applicable to all fleshy fruits and vegetables; also 
the following field dried crops: cotton bolls, ginned cotton and cotton­
seed; whole plants; soybeans with and without pods. whole plants; 
peanuts and whole plants. 

4. DISCUSSION OF METHOD 

Zinc granules are added to the basic sample digestion to protect the 
I-naphthylamine from being oxidized by components present in the 
sample. Without zinc, recoveries of 0,1 p.p,m. Alanap are low. Paraffin 
wax (household) and Antifoam A in combination are the most success­
ful antifoam agents for use in the basic digestion and distillation of all 
dried plants, seeds, and nuts, No antifoam agents are used in the 
analysis of. peaches, sweet and white potatoes. 

For watery crops the following reduced size of distillation system 
is generaiiy adequate, A ZOO-gm crop sampie, 600 ml of 40% NaOH, and 
1 gm of zinc granules are distilled in a 2-liter round-bottomed flask at­
taelled to tlle described distiJJation apparatus, The 20() Illi of distillate 
are diluted with water, boiled, extracted, and the analysis completed ~s 
given in the procedure. \~ 

Recently, it was found that Soxhlet extraction of oily nllt or seed\ 
meal removes all oil, but does not remove N-l-naphthylphthalamic acid, 
The residual oil-free meal foams less, and the fortified samples give 
better recovery in analysis than do the whole meal samples, As an 
example, 200 grams of oily nut or seed meal (in a 60 X 180 mm 
thimble) are Soxhlet-extracted with 500 ml of hexane or petroleum ether 
for 2 hours at a rate of one siphoning per 4 minute interval. After 
drying, the oil-less meal powder is transferred to a 2- or 3-liter flask and 
1000 ml of 40% NaOH and antifoam agents are added, The analysis is 
completed as indicated in the method given previously, 

REFERENCES 

"Beilsteins Handbuch clef organischen Chemie" (1929). 4th ed., Vol. 12, D. 614. 
Springer, Berlin. 



1. ALANAP 11 

Feldman, A, \V" and Reynolds, p, M. (19-57). A Technical Summary on Alanap, 
No. 6 B. United States Rubber Company, Bethany, Connecticut. 

Feldman, A. W., and Srnith, A. E. (1955). U. S, Patent 2,701,759, assigned to 
United States Rubber Company. 

Furman, N. H., ed. (1939). "Scott's Standard J\·lethods of Ch('mka! Analysis," Vol. 
I, 632 pp. Van Nostrand, New York. 

Hoffmann, O. L., and Smith, A. E. (1949). Science 109, 588. 
Lane, J. R., Gullstrom, D. K., and Ncwe11, 1. E. (19,::58). ]. Agr. Food Chern. 6, 

671--074. 
Newell, J. E., Mazaika, R. I., and Cook, W. ). (1\\58). J. Ag'. Food Chem. 6, 669. 
Smith, A. E., and Feldman, A. \V. (1955). u. S. Patent 2,701,760, assigned to 

United States Rubber Company. 
Smith, A. E., and Feldman, A. \.y. (1956). U. S. Patent 2,770,539, assigned to 

United States Rubber Company. 
Smith, A. E., and Feldman, A. \V. (1959). U. S. Patent 2,893,855, assigned to 

United States Rubber Company. 
Smith, A. E., and Hoffmann, O. L. (1951a). U. S. Patent 2,.556,664, assigned to 

United States Hubber Company, 
Smith, A. E., and Hoffmann, O. L. (1951b). United States Patent 2,556,665, assigned 

to United States Rubber Company. 
Smith, A. E., and Stone, C. IV1. (1953). Anal. Chern. 25, 1397. 
Smith, A. E., Feldman, A. W., and Stone, G. M. (1956a). U. S Patent 2,736,646, 

assigned to United States Rubbf'r Company, 
Smith, A. E., Feldman, A. 'V., and Stone, C. M_ (1956b). u. S. Patent 2,736,647, 

assigned to United States Rubber Company. 





-2-

Ametryne 
E. KNUSU 

2-Methylthio-4-ethylamino-6-isopropylamino-s-triazine 

I. GENERAL 

A. EMPIRICAL FORMULA 

C,li"N,S (Mol. wt. 227.33). 

B. ALTERNAm NAMES 

Trial number G 34 162. 

C. SOURCE OF ANALYTICAL STANDARD 

J. R. Geigy S.A., Basel, Switzerland; Geigy Agricultural Chemicals, 
Ardsley, New York. 

D. BIOLOGICAL PROPERTIES 

1. HERBICIDAL ACTIVITY 

Ametryne is a pre- and post-emergence herbicide for general and 
selective use. The potential fields for its selective application include 
sugar cane, small grains, peanuts, and soybeans. 

2. TOXICITY 

Acute oral toxicity: LD" for mouse 965 mg/kg; rat 1110 mg/kg. 
Subchronic toxicity: A series of rats fed for 90 days witli a daily oral 

administration of 20 and 200 mg Ametryne 50 W /kg was comparable in 
all behaviors with the controls. 
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Cutaneous toxicity: A 5% suspension of Ametryne Or Ametryne 50 W 
in gum arabic applied for 5 consecutive days to rats caused no signs of 
adsorptive toxicity. 

E. HISTORY 

H. Gysin and E. KniisH are co-inventors of Aroetryne on Swiss Patent 
337,019 (to J. R. Geigy S.A., Basel , Switzerland ) . See also Gysin and 
Kniisli (1960). 

F. PHYSICAL PROPERTIES 

Melting point: 84-86°C. 
Solubility in water at 20°C: 0.0185% (185 p.p.Ill.); in organic sol­

vents, high. 
Colorless, not combustible, not explosive, not corrosive. 
UV-spectra: See Fig. 1. 
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FIG. 1. UV-Spectra of: A, Ametryne in a 0.5% aqueous borax solution; B, 
Ametryne in 1 N sulfuric acid (cation); C, product of hydrolysis (2-hydroxy-4-
ethylamino-6-isopropylamino-s-triazine) in 1 N sulfuric acid (cation). ( Concentration 
of Ametryne = 8 pg/ ml in .each solution.) 

G. CHEMlCAL PROPERTlES 

L METIIOD 01" SYNTHESIS 

Ametryoe is synthesized by reacting 2-chloro-4-ethylamino-6-iso­
propylamino-s-triazine (Atrazine) with methyl mercaptan in the presence 
of an eq uivalent of sodium hydroxide; or by reacting 2-mercapto-4-ethyl-
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amino-6-isopropylamino-s-triazine with a methylating agent in the pres­
ence of sodium hydroxide. 

2. PROPERTIES 

It is stable in neutral, slightly acidic or basic media; it hydrolyzes 
to tbe herbicidally inactive 2-hydroxy-4-ethylamino-6-isopropylamino-.... 
triazine in acid or basic media, especially at higher temperatures. 

H. FORMULATIONS 

Ametryne is available as a 50% wettable powder and a 25% emulsifi­
able solution. 

II. ANALYSIS 

A. FORMULATION ANALYSIS 

The methods (Suter, 1959) and their accuracy are identical 
with those described for Prometryne, as are the respective interferences. 
(See Chapter 18 on "Prometryne.") However, the following different 
equations have to be used: 

aX 227.34 X 100 % of Ametrync ~ ---'--'--;-o.-;;~~C_C 
U', X 10,000 

% of Ametryne 
(50.0 - b) X 227.34 X 100 X 1.015 

102 X 10,000 

B. R£SIDUE ANALYSIS 

a X 2,273 
WI 

(50.0 - b) X 2.308 
1L'2 

(1) 

(2) 

The method (Delley, 1961) and its peculiarities are analogous 
to those described for Prometryne (see Chapter 18 on "Prometryne") 
with the following differences: 

1. PRINCIPLE 

The respective scheme is as follows: 

SCH3 

~ N N CH 
I II / 3 

C,H,NH~'N~NH-CH 
"CH 3 

2. EXTRAcnON 

Quantitative extraction is achieved by extracting three times with 
25 ml of 0.1 N HCl. 
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3. DISTRIBUTION COEFFICIENTS IN DIFFERENT SOLVEXT SYSTE}.IS 

In the course of the development of the present procedure, some 
approximate distribution coefficients at analysis conditi,*s (concentra­
tion in organic phase: concentration in aqueous phase) were found and 
are shown in Table 1. 

TABLE I 
DISTRIBUTION COEFFICIENTS OF AMETRYNE IN SEVERAL SOLVENT SYSTEMS" 

0.1 N 0.001 N 0.01 N O.l,V IN 
Organic phase NaOH \\r arer Hel Hel Hel Hel 

n-Pentane 24 19 2.3 0.24 0.02 
Ether, diethyl >80 >80 6.6 0.5 0.09 
CH2C12 >80 >80 35 5.4 13 
eHek >80 >80 >80 58 11.4 58 

"Concentration in organic phase: concentration in aqueous phase. 

It seems that by means of methylene chloride and chloroform the 
active ingredient is partly extracted from 1 N Hel in the form of 
Ametryne hydrochloride. ;" 

REFERENCES 

Delley, R. (1961). Anal. Lab., J. R. Geigy S.A., Basel, Switzerland, unpublished 
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Gysin, H., and Kntisii, E. (1960). Advan. Pest Control Res. 3, 289-358. 
Suter, R. (1959). Anal. Lab., J. R. Geigy S.A., Basel, Switzerland, unpublished 

work. 
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3-Amino-s-Triazole 

G. L. Sutherland 

N-N 
II II 

HC, /C-NH2 
N 
H 

I. GENERAL 
A. EMPIRICAL FORMULA 

C,H,N, (Mol. wt. 84.1). 

B. ALTERNATIVE NAMES 

Cytrol, Amino Triazole Weedkiller, Amitrole, Weedazol. 

C. SOURCE OF ANALYTICAL STANDARD 

Agricultural Division, American Cyanamid Company, Princeton, New 
Jersey. 

D. BIOLOGICAL PROPERTIES 

Aminotriazole shows herbici.dal activity against a wide variety of 
plants. The acute oral LD·., (male albino rats) is approximately 2.5 
gm/kg. 

E. HISTORY 

The synthesis of aminotriazole was described by Curtius and Lang 
in 1888. Its use as a herbicide was developed by Amebem Products 
and is covered in U. S. Patent 2,670,282. 

F. PHYSICAL PROPERTIES 

Melting point: 150-153°C (technical). 
Solubility: About 28 gm in 100 gm of water at 23°C; 53 !,'I1l in 

100 grn of water at 53°C; 26 gm in 100 gm of ethanol at 75-C; in­
soluble in nonpolar solvents. 

G. CHEMICAL PROPERTIES 

1. ME1HOD OF SYNTHESIS 

The compound is formed by the interaction of formic acid and 
aminoguanidine. 

17 
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2. CHEMICAL REACTIONS 

Aminotriazole reacts with acids to form salts; with aldehydes and 
ketones to form aldimines and ketimines; and with d .. and trivalent 
metal salts to form complexes. 

H. FORMULATIONS 

Aminotriazole is sold as a 50% soluble powder and liquid formula­
tion consisting of an equimolar solution with ammonium thiocyanate. 

II. ANALYSIS 

A. FORMULATION ANALYSIS 

1. RECOMMENDED METHOD 

a. Principle 

Solid formulations of 3-amino-s-triazole are extracted with dimethyl 
formamide and an aliquot of the extract is diluted with water. Excess 
standard add is added and the solution is titrated with standard alkali. 
The volume of the titrant consumed between the first and second in-
fiections is a measure of the aminotriazole content. / 

b. Reagents 

N.N-Dimethylformamide (DMF), Reagent Grade. 
I I ytirocilloric acid, 0.5 N. 
Sadium "yc/ronde, 0.5 N, standardized. 

c. Special Apparatus 

Pauxier funnel. 
Filter funnel, fritted-glass. medium porosity. 
pH Meter, Beckman Model G or equivalent, equipped with glass­

calomel electrode. 

d. Experimental Procedure 

i. Sample Preparation. 

Accurately weigh 10.000 -;- 0.001 gm of sample and quantitatively 
transfer to a l00-ml glass-stoppered Erlenmeyer flask. Add 60 ml of DMF 
and shake for 2 to 3 minutes. Allow the inert material to settle and. 
decant the supernatant liquid into a l00-ml volumetric flask. 

The 3-amino-s-triazole will completely dissolve and the inert 
material will remain in suspension. 



3. 3-AMINO-S-TRIAZOLE 19 

Repeat the extraction of the inert material with three lO-ml portions 
of DMF. Shake well after each addition and transfer the supernatant 
to a 100-ml volumetric flask. Dilute to volume with DMF and mix wei!. 

Vacuum filter 4~0 ml of the solution through a glass filter funnel 
of medium porosity. 

Pipette a 25-ml aliquot of the filtrate into a 4OO-ml beaker con­
taining 50 ml of distilled water and 40 ml (graduated cylinder) of a 
0.5 N IIC!. 

Using a Beckman Model G pH Meter (see Note below) equipped 
with a glass-calomel electrode system, and while stirring mechanically, 
titrate the solution with 0.5 N NaOH rapidly from a burette until a pH of 
1.9 is reached, and then in 0.5-ml increments (recording the pH after 
each increment) until a pH of 3.5 is obtained. Again add NaOH rapidly 
until a pH of 6.5 is reached, and then dropwise to a pH of 7.5 (second 
equivalence point). 

ii. Interferences. 

There should be no interference in the soluble powder formulation 
for which the method is intended. 

iii. CalculatiollS. 

Determine the first inflection point (pH approximately 2.50-2.90) 
using the following technique: 

Plot pH vs. milliliters of 0.5 N NaOH. Connect all the points and 
draw a straight line through the most number of points comprising the 
inflection of the curve (Fig. 1). 

Determine the eqUivalence point (Ed of the inflection as follows: 
Find the pH corresponding to points A and B, (see Fig. 1) where 

the curve departs from the straight line. The value 

E,. 

8 , ~ pH for A + pH for H 
2 

From the plot, read the milliliters of 0.5 N NaOH corresponding to 

Let C = milliliters of 0.5 N NaOH reqUired to titrate to the first 
equivalence point. 

Let D = total milliliters of 0.5 N NaOH required to titrate to a pH 
of 7.5 (second equivalence point). 

: Then X 3-AT = (D-C) X N of NaOH X 3.36. 
Note. Check the pH meter used in the analysis at pH 4.0 and 

pH 7.0, using standard buffers. 
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FIC. 1. TitratioD. curve for formulation analysis of 3-amino-s-triazole. \ 

2. DISCUSSION OF METHOD 

Aminotriazole, having an amino group, forms salts with acids arid 
can be readily titrated. Since it is possible for the diluents to have an 
appreciable titre, the extraction with DMF is employed. 

\ 3. MODIFICATION OF RECOMNfENDED J\fETHOD 

The Iiqujd formulation with ammonium thiocyanate do not require \ 
extraction; begin with the addition of the hydrochloric acid. 

B. RESIDUE ANALYSIS 

1. REVIEW OF METHODS 

Aminotriazolc residues in soil and in some crops have been deter­
mined by treatment with nitroprusside reagent to give a color measured 



I ,0. 

, 
3. 3-AMINO-S-TRIAZOLE 21 

at 636 m!'. A second method utilized the color (485-500 m!') of the 
product from chromotropic acid and aminotriazole treated with nitrous 
acid. More recently, nitrous acid-treated aminotriazole has been coupled 
with N-(I-naphthyl)ethylenediamine and the color determined at 455 m!, 
(Burke and Storherr, 1961). 

2. RECO~fMENDED UETHOD 

a. Principle 

The chromophoric moiety in the naphthylethylenediamine procedure 
has not been clearly established. However, it can be speculated that the 
reaction proceeds as follows: 

N--N 
II II + HONO 

He, /C-NHz 
N 
H 

b. Reagents 

N--N 
II II 

He, ....... C-N2 
N 
H 

+ 

Acetonitrile, Industrial Grade. Redistill, collecting the 81-82°C 
fraction. 

Amberlite 120 (H+) resin, 16-50 mesh. Treat with excess 5% NaOH 
solution and wash with H,O until the washings are neutral to universal 
pH test paper. Treat with excess 5N HCI and wash with H,O until the 
washings are neutral. Drain and store in a closed container. Save the 
used resin for reactivation and reactivate as for new resin. 

3-Amino-s-triazole (3-AT) standard solution. Accurately weigh 100.0 
mg of the pure material (m.p. 157-158'C) and dilute to 500 ml with 
water. Dilute a 5-ml aliquot to 100 ml with water. 1 ml = 10 I'g. 

Sulfuric acid solution. Concentrated H,SO,. Reagent Grade, + H,O 
(3 + 1). 

Sodium nitrate, reagent grade; 0.5% aqueous solution. Prepare 
fresh daily. 

Sulfamic acid, reagent grade; 5% aqueous solution. 

I 
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N-(l-Naphthyl)ethylenediamine dihydrochloride. Reagent grade, 1% 
aqueous solution. Prepare fresh daily. 

Nuclwr-C 190N decolmizing clwrcoal. Activate as follows: Heat, 
with stirring, 400 ml of charcoal with 100 ml of H,O and 3O~ml of conc. 
H,SO, for 1-2 hours on a steam bath. Filter through a largc fritted glass 
Buchner funnel, and wash with hot water until the filtration is neutral 
to methyl orange. Dry in a 130°C forced-draft oven for 48 hours, cool, 
and shake to powder. 

c. Apparatus 

Blender, one-quart capacity. 
Chromatographic columns. 
Spectrophotometer, Beckman DU or equivalent, with I-cm cells. 
Shaker. 
Erlenmeyer flasks, loo0-ml, with ground-glass joint. 

d. Experimental Procedure 

i. Sample Preparation. 

Blend 200 gm of chopped vegetable crop, or 100 gm of ground 
grain or meal, for 4 minutes with 20 gm of Celite 545 diatomaceous 
silica and 300 ml of 95% ethanol USP (use 80% ethanoI" for ground grain 
or meal). Filter the mixture on a large Buchner funnel, using two 
"Sharkskin" papers. Wash the blender cup and filter with 100-200 ml of 
70% ethanol. Quantitatively transfer the crop extract to a I-liter Erlen­
meyer flask, add 10 ml of 30% hydrogen peroxide, heat gently for 30 
minutes on a steam hath, and cool. 

ii. Resin Adsorption and Desorption of 3-AT. 

(Procedure may be interrupted at any stage prior 
development. ) 

to ~or 
Add 40 gm of resin to the cooled extract, stopper, and shake for 

30 minutes. Decant the liquid through a short chromatographic column 
containing a glass-wool plug. Wash the resin in a flask with three 30-ml 
acetone washes, decanting each wash through the column; then wash the 
flask and column with five 5O-ml portions of water, discarding the wash­
ings. Combine all the resin particles by extruding the glass-wool plug 
from the column into the original resin flask. Add 50 ml of H,O and 20 ml 
of concentrated ammonium hydroxide, heat for 30 minutes on a steam 
bath, decant the hot solution through a clean 200-mm chromatographic 
column containing a glass-wool plug, and collect the filtrate and suh­
sequent washes in a 4oo-ml beaker. Wash the flask and column by 
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decantation, using four 25-ml portions of 2 N ammonium hydroxide. 
Wash the column, which now contains most of the resin, with 30 ml 
of 2 N ammonium hydroxide. Concentrate the filtrate and washings to 
10-12 m!. 

iii. Acetonitrile Clean-up. 

To the cooled ammoniacal concentrate, add 50 ml of acetonitrile 
and stir; add 4-5 gm of Celite 545 diatomaceous silica and stir; and 
finally filter mixture through an 18.S-em S & S No. 588 folded filter paper. 
Collect the filtrate and subsequent washings in a 400-ml beaker. Wash 
the reaction beaker and filter with three 5O-ml portions of 90% aceto­
nitrile-water (9 + 1). Evaporate the combined filtrate and washings to 
20 ml using moderate heat and moderate air jet. Add 10 to 20 ml of 
water and concentrate to about 20 m!. Repeat two to three times, until 
no odor of acetonitrile is detectable. Cool the solution and dilute to 20 m!. 

iv. Acid Digestion and Clean-up. 

Add 3 ml of sulfuric acid solution to the cooled concentration ex­
tract, add two glass beads, cover with a watch glass, and boil gently on 
a hot plate for 10 minutes. (At the end of the 10-minute acid-digestion 
period, the volume should be about 10 m!. The volume can be brought 
to 10 ml in 10 minutes on a hot plate set at medium heat.) Cool the acid 
solution, add 50 ml of water and l.0 gm of charcoal, cover with the 
same watch glass, and hei] vigorously [or 10 minutes on the hot plate. 
Filter the hot mixture through an 18.S-cm S & S No. 588 folded IiIter 
paper and collect the filtrate in a 400-ml beaker. Wash the reaction 
beaker and filter with 200 ml of hot 0.75% sulfuric acid (2 ml of H,SO, 
solution dilution to 200 ml), followed by 50 ml of the hot water wash. 

Concentrate the combined filtrate and washings to 10-15 ml (if a 
yellowish color reappears in the 10-15 ml concentrate, add about 50 mg 
of charcoal and heat to bailing), cool, and dilutc up to 25 ml with water. 
Shake the mixture thoroughly and filter through an ll-cm S & S No. 589 
Blue Ribbon paper. Take 5-ml aliquots for color development. 

v. Color Development 

To two separate 2S-ml Erlenmeyers, add 5-ml sample aliquots, 1 ml 
of water, 3 ml of sulfuric acid (3 + 1) and swirl; then add 0.5 ml of 
0.5% NaNO" swirl, and set aside for 10 minutes. Add 0.5 ml of 5% 
sulfamic acid to each flask and blow across the mouth of flask to eliminate 
the oxides of nitrogen (or shake in the 25-ml flask for 2 minutes, if 
preferred). To one sample flask, add 0.5 ml of 1% N-( I-naphthyl )ethyl­
enediamine dihydrochloride solution and swirl; to the other flask add 
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0.5 ml of water and swirl; and set both flasks aside for 5 minutes. Read 
the sample solution and blank solution against water at 455 m". Sub­
tract the blank from tbe sample reading. Using a standard curve for 
3-AT, determine the amount of 3-amino-s-triazole in the 5-ml\tliquot. 

vi. Interferences 

Interference of ethanol and ethyl acetate, if present as glassware 
contaminants in the color reactions, is noted. 

vii. Sensitivity. 

Control values on a variety of crops were no higher than 0.02 p.p.m. 
In no instance did the crop controls exhibit absorption curves character­
istic of those from aminotriazole. 

viii. Recovery. 

Recoveries with a variety of crops were generally in the range of 
7S-9O%. 

ix. Preparation of Standard Curve. 

In a series of 25-ml Erlenmeyer flasks prepare 5-ml standards con­
taining 0, 5, 10, 15, and 20 "g of 3-AT respectively. To' each flask, add 
4 ml of H,SO, solution (3 + 1) and swirl; then ada 0.5 ml of 0.5% 
NaNO" swirl, set aside 10 minutes, and then proceed exactly as for 
"sample determination." Draw the standard curve through points ob­
tained by plotting absorbances versus micrograms of 3-AT . 

. '3. APPLICABILITY OF RECOMMENDED METHOD TO DIFFERENT 

CROP OR FOOD MATERIALS \\ 

Crop controls vary from crop to crop, but very little within a CI,Op. 
The absorptive capacity for the ion exchange resin varies with the crop, 
but the amount of resin has heen set high enough to accommodate the 
crops evaluated. \ 

4. DISCUSSION OF METHOD 

a. Preliminary Clean-up with Acetonitrile 

Celite has been found particularly successful in reducing control 
values, as has the sulfuric acid digestion with charcoal clarification. 

b. Adsorption of 3-AT on Resin 

Twelve grams of resin originally used wer~ inadequate for the 
adsorption of 3-AT from fresh or frozen vegetable extracts and because 
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of this, recoveries were low. \'Vhen the resin weight was increased to 
18 gm, recoveries frOID fresh or frozen vegetable extracts to which 3-AT 
had been added at a level of 0.187 p.p.m. ranged from 80 to 90%. How­
ever, 18 gm were insufficient for extracts of canned vegetables; the 
yields were only 50%. Again, when the amount of resin was increased to 
36 gm for canned vegetable extracts, recoveries were similar to those 
obtained for fresh or frozen produce with 18 gm of resin. To insure 
complete adsorption, therefore, the final method was revised to specify 
40 gm of resin for use with extracts of all products. regardless of type 
Of processing. 

c. Clean-up 

The ideal clean-up procedure shoule! leave only the compound being 
investigated; this compound slwuld be recovered unchanged and in 100i 
yields. There are few pesticide methods that approach this ideal, mainly 
because of the lack of specifiCity of solvents used in the clean-up process. 

\Vhile it is not proposed as a universal pesticide solvent, the writers 
wish to emphasize the excellent ability of acetonitrile to partition pesti­
cides. Investigation showed 3-A T to be slowly soluble in absolute ac­
etonitrile and readily soluble in acetonitrile containing small quantities 
of water. Further experiments with 90% acetonitrile (9 parts of CH,CN 
and 1 part of water) demonstrated conclusively that all 3-A T remained 
in solution while most of the proteins, amino acids, and carbohydrates 
retained by the resin wC're precipitated. Celite 545 diatomaceous silica 
was used merely to bind the precipitate and withhold it from solution. 
Consequently, 90% acetonitrile in conjunction with Celite 545 diatoma­
ceous silica was employed for a preliminary cleanup. 

d. Digestion and Clarification 

The final step (the sulfuric acid digestion with charcoal clarification) 
is also a prerequisite. Impurities that rcact with sulfuric acid must be 
decomposed and removcd from the solution prior to the acid color 
development reaction, Since 3-AT is stable in sulfuric acid solution, this 
digestion type of clean-up works very well. 

It was found experimentally that the charcoal must he activated 
before use. Recoveries of pure 3-AT, beginning at the charcoal clarifica­
tion of an acid solution, have been 95% or higher. 

Recoveries of 3-A T from pure solution (no crop) carried through 
the entire procedure have been 90% or better. 

Recoveries range from 72 to 9;21; for ,·egetables, regardless of the type 
of processing (fresh, frozen, or canned). Blanks for the control samples 
of the same vegetables are reasonably low. However, although the 
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absorbances of the control sample are consistent within anyone crop. 
there is a marked difference from crop to crop. The apparent 3-A T found 
in control crops ranged from 0.003 to 0.02 p.p.m. The m<'lhod does not 
obviate the need for control crop blanks. .. 

The chromogenic reaction of 3-AT with N-( I-naphthyl)ethylene­
diamine dihydrochloride is extremely sensitive. When the procedural 
modifications are used with the color development reaction, as little as 
1 I'g of 3-AT in 40 gm of crop (0.02.5 p.p.m.) will show the characteristic 
absorption curve for 3-amino-s-triazole. 

Both ethyl alcohol and ethyl acetate will react with the color 
development reagents. Neither solvent will come through the clean-up 
procedures, but improper cleaning of glassware, color development 
flasks, or pipettes could conceivably cause high absorbance readings. 

REFERENCE .. 

Bwke, J., and Storherr, R. \V. (1961).1. Assoc. Offic. Agr. Chemists. 44, 196. 
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Atratone 
E. KNusLI 

OCH, 

N}-N A: _R_ C H, 

C,H,NII "N NH-~ 
"ell, 

2-Methoxy-4-ethylamino-6-isopropylamino-s-triazine 

I. GENERAL 

A. EMPIRICAL FORMULA 

C,H"N,O (Mol. wt. 211.27). 

B. ALTERNATE NAMES 

Trial number G 32 293, Primatol B (trade name for general use). 

C. SoURCE OF ANALY~lCAL S"lA.NnAml 

J. R. Geigy S.A., Basel. Switzerland; Geigy Agricultural Chemicals, 
Ardsley, New York. 

D. BIOLOGICAL PROPERTIES 

1. HERBICIDAL ACTIVITY 

Atratone is a pre- and post-emergence herbicide for general and 
selective use. A potential field for selective application is sugar cane. 

2. TOXICITY 

Acute oral toxicity: LO" for mouse 905 mg/kg; rat 2400 mg/kg. 
Subehronic toxicity: A series of rats fed for 90 days with a daily oral 

administration of 10 and 200 mg Atratone 50 W /kg Or 20 1'1 Atratone 
25 E/kg was comparable in all behaviors with the controls. 

E. HISTORY 

H. Gysin and E. Knusli are co-inventors on Swiss Patent 337,019 
(to J. R. Geigy S.A., Basel, Switzerland); see also Knusli (1958). 

27 
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F. PHYSICAL PROPERTIES 

Melting point: 94-96°C. 
Solubility in water at 20°C: O.IS',!; (1800 p.p.m.); in orlinic solvents. 

high. 
Colorless, not comhustible, not explosive, not corrosive. 
UV-spectra: analogolls to Prometone (see this volume, Chapter 17). 

G. CHEMICAL PROPERTIES 

1. METHOD Ot' SYNTHESIS 

Atratone is synthesized by reacting 2-chloro-4-ethylamino-6-isopro­
pylamino-s-triazine (Atrazine) with methanol in the presence of an 
equivalent of sodium hydroxide. 

2, PROPERTIES 

It is distillahle; stable in neutral, slightly acidic or basic ]nedia; it 
hydrolyzes to the herbicidally inactive 2-hydroxy-4-ethylamino-6-iso­
propylamino-s-triazine in acid or basic mediums, especially at higher 
temperatures. 

H. FORMULATIONS I 

Atrazinc is available as a 50% wettable powder an& a 25% emulsifiable 
solution. 

11_ ANALYSIS 

A. FORMULATION ANALYSIS 

The methods and tbeir accuracy (Suter, 1959) are identical with 
those described for Prometone, as are the respective interferences (see , 
this volume, Chapter 17 on "Prometone"). The percentage of Atnitone 
is obtained by tlw following equation: \ 

01 At t _ (L X 211.3 X 100 _ a X 2.113 
10 ra one - 10 X 10,000 - w 

B. RESIDUE ANALYSIS 

1. RECOMMENDED METHOD-SPECTROPHOTOMETRIC METHon 

a. Principle 

In this method (Delley, 1960) Atratone is extracted with 
methylene chloride. As the compound is relatively soluble in water, the 
residue of the methylene chloride extract can be taken up in water. 
Re-extract with methylene chloride. Due to the basic properties of Atra­
tone, the compound can be extracted with 0.1 N sulfuric acid. Rc­
extract once more with methylene chloride, and finally hydrolyze the 
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residue with 0.1 N sulfuric acid, warming the solution on the water 

hath. 

OH 

N-;.t,C 
H,C I II 

" C-... C CH-NH/ 'N/ 'NH-C H 
/ ' , 

H,C 

The cation of the hydrolysis product shows a maximum absorption at 
:240 ill!', which is uscd for the spectrophotometric determination. 

h. Reagents 

Methylene chloride, distilled. 
Sudium hydroxide, 2%. 
Sulfuric acid, 1 N. 
Sulfuric acid, 0.1 N. 
Sodium acetate, 1 N. 
Acetic acid, 0.001 N. 
All the above mentioned aqueous reagents are extracted with 

methylene chloride. 

c. Experimental Procedure 

i. Extraction (lnd Pretreatment. 

Extract the material to be tested with methylene chloride. Transfer 
the methylene chloride extract into a 400-ml beaker and evaporate the 
solvent. Dissolve the residue in a few milliliters of methylene chloride 
and add 200 ml of water. Place on a water bath and evaporate the 
methylene chloride. The Atratone moves into the aqueous solution and 
separates from the fats and waxes. After cooling, decant the aqueous 
fraction through a blue-band filter into a separatory funnel. Wash the 
beaker and the filter with water. Add 10 ml of 2% !\aOH and extract 
three times with 30 ml of methylene chloride. Each of these three 
methylene-chloride extracts has to be washed with 200 ml of water in 
a second separatory funnel; all three extracts contain water-soluble and 
methylene chloride soluble compounds extracted from the investigated 
material, including Atratone. 

ii. Isolation. 

Combine the three methylene chloride extracts (90 m!) and extract 
three times with 100-ml portions of 0.1 N H,SO" as shown in the follow­
ing scheme. During this operation the basic Atratonc moves into the 
acid layer. 
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Process 

Second extmr"tirJn with ·10 ml of methylene chloride 

Fir.'ft extraction with 40 ntl of lIIethylene chloride ... 

&paratory funnel 1 
(500 ml) 

Kopamtory funnel ~ 
(250 ml) 

Separatory funnel a 
(25" ml) 

j 

90 ml of the re-exlracl 

j 

cuntains at the beginning uf, the process 
100 rut of 0.1 N H2S0~ 

! ClhCb 

contains at the beginning of the process 
100 ml of (J. 1 .v H2S04 

1 CH~Ci, 
contains at the beginning of the process 

100 rul of 0.1 J.'Ii H 2S04 

to be discarded 

As can be seen from the scheme, after the extraction in the first 
scparatory funnel, the methylene chloride layer is drained into the second 
separatory funnel where it is again shaken, separated, and drained into 
the third separatory funnel, shaken and separated. The methylene 
chloride layer is discarded. Wash the three separatory funnels suc­
cessively with two 40-ml portions of methylene chloride. 

Care has to he taken not to keep the Atratonc dissolved for an 
extended period in the 0.1 N H,SO" because losses might occur due to 
hydrolysis. Consequently, collect as soon as possible all the sulfuric acid 
layers in the scparatory funnel 1 and buffer the solution by adding 50 ml 
of 1 N sodium acetate. Rinse thc separatory funnels 2 and 3 thoroughly 
with distilled water so as to eliminate the last traces of sulfuric acid. 
Then add to each of the two separatory funnels 100 ml of 0.001 N acetic 
acid and proceed according to the following scheme: 

:W ml of methylene chloride 
j 

20 rul of methylene chloride 
j 

au m1 of methylene chloride 
I 

Separatory funnel 1 l contains 300 ml of 0.1 N H2S04 + 50 ml 

Hcparatory funnel 2 

Separatory funnel 3 

of 1 N sodium acetate 

l CfhCl. 

contains 100 ml of 0.001 N acetic acid 

tCfl.CII 

contains 100 ml of 0.001 N acetic acid 

CHICtl containing Atxatone 
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The above scheme indicates how the Atratone is extracted from the 
buffered aqueous solution by one 30-ml portion and two 20-ml portions 
of methylene chloride. Wash each methylene chloride extract separately 
and successively with the diluted acetic acid in the two successive 
separatory funnels. draining the extract always into the same clean 100-
ml ground-glass stoppered Erlenmeyer flask. Evaporate the solvent 
completely on the water bath at about 5O'C, applying vacuum. To 
insure continuous boiling during evaporation, a capillary tube of the type 
used for melting point determinations can be inserted with the opening 
at the bottom of the Erlenmeyer flask. The residue is a thin film 
which contains the Atratone. Care has to be taken to avoid any un­
necessary heating because of the volatility of Atratone in this form. 

iii. Hydrolysis ami Determination. 

As described for Prometone (this volume, Chapter 17). 

iv. Discussion of Interferences. 

Other 2-alkoxy- and also 2-alkylthio-4,6-diamino-s-triazines may in­
terfere. 

v. SensitiVity. 

The limit of determination is about 5 l,g. 

vi. Calculation. 

As described for Prometone with an instrument factor of 124. 

2. DISCUSSION OF METHOD 

a. Examples of Values Found 

TABLE I 
EXTINCTION VALVES FOR ATRATONEB 

E'" E'~ E'" " .lcorr. 

Blank value of the reagents 0.066 0.029 0.032 -0.020 
8,ug of Atratonc 0.111 0.105 0.039 +0.030 0.050 
40 ~g of Atratone 0.221 0.451 0.076 0.302 0.322 
80 Jo'g of Atratone 0.376 0.888 0.131 0.635 0.655 

a E'~ = Extinction at x ffi,u using a Beckman nIT sprctrophotometer. 

Following the procedure, the extinction values, shown in Table l, 
and distribution coefficients in different solvent systems (see Table II) 
were obtained. 
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TABLE II 
DISTRIBUTION COEFFICIENTS FOR ATRATONE IN SEVEltAI. SOLVENT SYSTEMS 

Concentratiolitin argo phase 
Organic phase Aqueous phase Concentration in aq. phase 

CRC!, 0.1 N H,SO, 0.74 
CHC~ 0.01 N H,SO, 5.1 
CHC], Water ~400. 

CH2Ch 0.1 NH,SO, 0.3 
n-pentane 0.01 N HC! 0.007 
n-pentane Water 1.1 

Because the characteristics of Atratone differ essentially from those 
of Prometone, a similar but still different extraction and isolation is 
required. If one tries for instance to determine Atratone folloWing the 
method prescribed for Prometone, only about 60% of the theoretical 
amounts results. 

b. Rate of Hydrolysis for Atratone 

Atratone, when hydrolyzed with 1 N sulfuric acid ,on the bailing 
water bath, has a half·life of about 10 to 15 minutes. I 

REFERENCES 

Delley, R. (1960). Anal. Lab., J. R. Geigy S.A., Base!, Switzerland, unpublished 
work. 

KnlisH, E. (1958). Phytiat .. Phytophann. 7, 85. 
Suter, R. (1959). Anal. Lab., J. R. Geigy S.A., Basel, Switzerland, unpublished 

work. 
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Atrazine 
E. KNUSLI 

2-Chloro-4-ethylamino-6-isopropylamino-s-triazine 

I. GENERAL 

A. EMPIRICAL FORMULA 

B. ALTERNATE NAMES 

Trial number G 30 027. Atrazine-Geigy; Primatol A (trade names for 
general use). Atrazine-Geigy; Gesaprim (trade names for selective use). 

C. SOURCE OF ANALYTICAL STANDARD 

J. R. Geigy S.A., Basel, Switzerland; Geigy Agricultural Chemicals, 
Ardsley, New York. 

D. BIOLOGICAL PROPERTIES 

1. HERBICIDAL ACTIVITY 

Atrazine is a pre- and post-emergence herbicide suitable for general 
and selective use. Its actual and potential fields of selective application 
are: corn, sorghum, millet, vine, asparagus, sugar cane, pineapple, fruit 
trees, and slimmer fa))ow. 

2. TOXICITY 

Acute oral toxicity: LD,." for monse 1750 mg/kg; for rat 3080 mg/k~·. 
for rabbit 750 mg/kg. 

33 
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Chronic toxicity: A series of rats fed for 2 years with daily oral 
amounts of 2, 20, 200 p,p.m. (related to food intake) of Atrazine 50 W 
was comparable in all respects to the controls. 

Cutaneous toxicity: A 5% suspension of Atrazine 50 W ~ gum arahic 
applied for 5 consecutive days to rats caused no signs of adsorptive 
toxicity. 

E. HISTORY 

H. Gysin and E. Kniisli are co-inventors of Swiss Patents 329,277 
and 342,784 (to J. R. Geigy SA, Basel, Switzerland). See also "Triazine 
als Herbizide," 4th Int. Congress of Crop Protection, Hamburg, 1957. 

F. PHYSICAL PROPERTIES 

Melting point: 173-175°C. 
Solubility in water at ocC: 0.0022% (22 p.p.m.); 

27"C: 0.007% (70 p.p.m.); 
85°C: 0.032% (320 p.p.m.); 

diethyl ether at 2TC: 1.2% (12000 p.p.m.); 
methanol at 2TC: 1.8% (18000 p.p.m.); / 
n-pentane at 27°C: 0.036% (360 p.p.m.); I 

chloroform at 27"C: 5.2% (52000 p.p.m.). 
pK-value in water at 22°C: 1.68. 
Colorless, not combustihle, not explosive, not corrosive. 
UV spectra: practically identica1 \vith those given for «Simazine" 

(see Chapter 23 of this volume). 

G. CHEMICAL PROPERTIES 

1. METHOD OF SYNTHESIS 

Atrazine is synthesized by reacting cyanuric chloride with one 
equivalent of ethylamine and isopropylamine in the presence of an acid 
acceptor. 

2. PROPERTIES 

It sublimates at higher temperatues; is stable in neutral, slightly 
acidic or basic media; it is hydrolyzed to the herbicidally inactive 2-
hydroxy-4-ethylamino-6-isopropylamino-s-triazine in acidic or basic 
media, especially at higher temperatnres. 

H. FORMULATIONS 

Atrazine is available as a 80% wettable powder; a 50% wettable 
powder; and in 4, 8, and 20% granules. 
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II. ANALYSIS 

A. FORMULATION ANALYSIS 

I. POTEiI.'TIOMETRIC METHOD FOR WETtABLE POWDERS 

The method (Suter. 1955-1959) is analogous to that 
simazine. However, the appropriate equation for atrazine is: 

<71 At . _ (a - b) X 215.7 X 100 
/0 razme - w X 10000 , 
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given for 

(I) 

A possible contaminant of 2,4-dichloro-6-ethylamino-s-triazine simu­
lates a higher content of atrazine than is effectively present. The method 
does not differentiate between other 2-chloro-4,6-diamino-s-triazines 
like 2-chloro-4-amino-6-ethylamino-s-triazine, 2-chloro-4-amino-6-iso­
propylamina-s-triazine, 2-chlara-4,6-bis-ethylamina-s-triazine and 2-chlaro-
4,6~bis-isopropylamino-s-triazine. 

2. SUPPLEYlE:\TARY METHOD FOR WETTABLE POWDERS 

The method (Suter, 1955-1959) is the same as that described for 
simazine with the appropriate equation: 

. c X 215.7 X 100 
% AtrazlllC = w X lO,OOO (2) 

2-Ethylamino-4,6-bis-isopropylamino-s-triazine or 2-hydroxy-4-ethyl­
amino-6-isopropylamino-s-triazine are included in the value obtained. 
2,4-Dichloro-6-ethylamino-s-triazine does not respond to the titration with 
perchloric acid. 

lE the values following Eq. (1) and Eq. (2) are different, the 
approximate contents of 2,4-dichlora-6-ethylamino-s-triazine ar 2-ethyl­
amino-4,6-bis-isaprapylamino-s-triazine are calculated as follows: 

Value Eq. (1) higher than Eq. (2): 
Eq. (2) = content of atrazine 

[Eq. (I) - Eq. (2)] X 193.04 
215.7 

= content of 2,4-dichloro-6-ethylamillo-s-triazine (Mol. wt. 193.04) (3) 

Value Eq. (2) higher than Eq. (1): 
Eq. (1) = content of atrazine 

[Eq. (2) - Eq. (1)] X 238.36 
215.7 

= content of 2-ethylamino-4,6-bis-isopropylamino-s-triazine 
(Mol. wt. 238.36) (4) 



36 KNUSLI 

2,4-Dichloro-6-ammo-s-triazines or 2,4,6-tris-amino-s-triazines are not 
differentiated. 

B. RESIDUE ANALYSIS ~ 

The methods follow, in general, those given for "Simazine" (see 
this volume, Chapter 23). 

1. SPECTROPHOTOMETRIC METHOD 

OH 

~ 
N/" N 

A ~ CH, 
C ,H,NH ,,/, NH -C", 

"CH , 
In the column clean-up atrazine and hydroxyatrazine behave like 

simazine and hydroxysimazine (Gigger et aZ., 1961) (see Chapter 23 on 
"Simazine," Section II,C,2). 

The cations of the hydrolysis products of atrazine and simazine both 
show a maximum ahsorption of 240 mp.. 

The method (Delley, 1958) has been successfully applied for the 
determination of residues in corn, grapes, and soil./ 

2. COLORl)':lETRIC METHOD 

(See also Chapter 23 on "Simazine," Section U,C,4, "Colorimetric 
Method.") 

3. RESIDUE ANALYSIS BY BIOASSAY \ 
For general remarks see Chapter 23 on "Simazine," "Residue Anal­

ysis by Bioassay." In a Mexican silt loam, Clark soybeans were found to 
be suitable for the bioassay of atrazine. The useful range lies in the range 
from 0 . .5 p.p.m. upward (Talbert, 1960--1961). 

REFERENCES 

Delley, R. (1958). Anal. Lab., J. R. Geigy S.A., Basel, Switzerland, unpublished 
work. 

Gigger, R. P., Mattson, A., and Halama, P. (1961). Anal. Lab., Geigy Chern. Co., 
Ardsley, New York, unpublished work. 

Suter, R. (1958-1959). Anal. Lab., J. R. Geigy S.A., Basel, Switzerland, unpublished 
work. 

Talbert, R. E. (1960-1961). Univ. of Missouri, Columbia, unpublished work. 
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Carbyne 
T. R. HOPKI"S 

0r-NHCOCH,C=CCH,Cl 

)=16 
Cl 

4-Chloro-2-butynyl N -3-chloropheny Icarbamate 

I. GENERAL 

A. EMPIRICAL FORMULA 

C"H,O,NCI, (Mol. wt. 258.19). 

B. ALTERNATIVE NAMES 

Barban, 5-847. The name Carbyne is the registered trademark of the 
Spencer Chemical Company. 

C. SOURCE OF ANALYTICAL STANDARD 

Spencer Chemical Company, Kansas City, Missouri. 

D. BIOLOGICAL PROPERTIES 

Carbyne is a highly selective herbicide recommended for the post­
emergence control of wild oats (Avena fatua and Avena lucloviciana) 
in \vheat, barley, flax, peas, sugar beets, rapeseed, mustard, and saffiower. 
Sugar beets, sunflower, and safflower are extremely resistant to Carbync; 
and rates as bigh as 8 Ib/ acre do not affect their growth. Wild rye 
(Seeale cereale) , ryegrass (Lalium multif/orum), blackgrass (Alopecurus 
myosuroides), and certain members of the Polygonum species (such as 
smartweed, lady's thumb, and wild buckwheat) are also controlled by 
Carbyne. 

Carbyne is classified as a relatively safe material. The LD" of tbe 
active ingredient in albino rats is l.35 gm/kg. With albino rabbits, the 
acute percutaneous LD", is 23 gm/kg. Guinea pigs displayed no skin 
sensitization to a challenge after repeated exposure. 

37 
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E. HISTOR" 

Carbyne was first discovered in 1955 by T. R. Hopkins and J. W. 
Pullen of the Spencer Chemical Company. The material was4'ield tested 
by several investigators in the United States and Canada in 1958. The 
synthesis and utility of the active ingredient was described in a patent 
(Hopkins and Pullen, 1959), and more specific details of the synthesis 
of the active component and several of its closely related analogues have 
been published (Hopkins et aI., 1959). A discussion of the variables 
affecting the usage of this herbicide has appeared recently (Hoffmann 
ot aI., 1960). 

F. PHYSICAL PROPERTIES 

l. The active ingredient is a white crystalline solid melting at 7f>-. 
76'C with solubility characteristics as given in Table I. 

TABLE I 
SOLUBILITY OF BARBAN AT 25°C IN 100 OM OF SOLVENT 

Solvent 

n-Hexane 
2,2,4-Trimethylpentane 
n-Dodecane 
Kerosene 
Benzene 
Toluene 
Xylene 
Isopropylbenzene 
n-Butylbenzene 
Ethylene dichloride 
Isophoronf' 
V{ater 
Glycerol formal 
Propylene glycol 

G. CHEMICAL PROPERTIES 

1. SYNTHESIS 

80hlbility 

0.2 gm 
0.3 grn 
0.1 gm 
O.5gm 

:37.0 gm 
2~).5 gm 
20.6 gm 

7.3 gm 
13.1 gm 
54.6 gm 
47.0 gm 

1.1 mg 
45.0 gIll 
]5.0 grn 

The carbamate may be prepared in high yields by the following 
methods: 

a. Reaction of an isocyanate and a diol followed by a nucleophilic 
chlorination. 

\ 
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6. CARBYNE 

VN=C=O + 5 HOCH,C=CCH,OH 

Cl 

V NHCOCH,C=CCH,OH 

" o 
Cl 

ch 

Cl 

NHCOCH,C=CCH,OH + SOCI, 
II 
o 

NHCOCH,C=CCH,CI + SO, + HCI 
II 
o 

b, Reaction of a chloroformate with an amine, 

40°C 

~NH, + CICOCH,C=CCH,CI 

)=I 6 
Cl 

Cl 

NHCOCH,C=CCH,CI 
II 
o 

2. CHEMICAL \lROPERTIES 

39 

The carbamate is decomposed at temperatnres above its melting 
point (75'C), and HCl is evolved, Hydrolysis at the carbamate linkage 
OCCurs with acid or base. The half-life in 1 N caustic soda is 0,97 min­
utes at 2.5°C, and under mildly basic conditions the terminal chlorine is 
liberated, Under acid conditions, the terminal chlorine is stable and 
hydrolysis results in the formation of 3-chloroaniline salts, 

H. FORMULATIONS 

Carbyne is an emulsifiable concentrate containing lIb/gal of barban 
in an organic solvent with an emulsifier and a corrosion inhibitor. It is 
a dark amber solution with a specific gravity of 1.01 and a viscosity of 
7,27 cp at 2,5°C, The formulation turns to a viscous gum at -45'C 
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without prior crystallization. Upon warming, the gum returns to its 
original form. It is stable in the presence of mild steel, galvanized iro~ 
and tin plate; although corrosion at the liquid-air interface may Occur 
upon prolonged storage. Phenolic-lined cans, glass contai4ers, or alum. 
inurn tanks are recommended for continuous service. 

II. ANALYSIS 

A. FORMULATION ANALYSIS-RECOMMENDED METHOD 

The principle of this method (Bombaugh and Bull, 1961) is to 
separate the active ingredient from the materials of formulation by 
adsorption on silica gel, followed by elution with appropriate mixtures 
of ethylene dichloride and n-hexane. The concentration of the active 
ingredient in the eluent is measured quantitatively at 277.5 m!'. 

1. REAGENTS 

n-Hexane, Phillips spectrograde (or equivalent). 
Ethylene dichloride. Distilled until spectrally clear in the region 

260 m" through 320 m" when compared with water. . 
Eluting Solution 1. Prepare a mixture of 1 volume of ethylene di­

chloride to 2 volumes of n-hexane. Pass the mixt,{re through a 2.5 
em X 60-cm column of fully activated alumina. 

Eluting Solution 2. Prepare a mixture of 2 volumes of ethylene di­
chloride to 1 volume of ,,-hexane. Pass through a 2.5 em X 60-cm 
column of fully activated alumina. Wiielm neutral alumina-Brockman 
Grade I-obtained from Alupharm Chemical Co., New Orleans, La., is 
preferred. 

S{/.ica gel, chromatographic grade, 30 to 80 mesh-activated by 
heating for 24 hr at 2000C. 

Ottawa sand. 

2. APPARATUS 

Ultraviolet spectrophotometer. Cells of 2-cm path length. 
Chromatographic column-I-em diameter X 20 em long (see Fig. 1). 

3. EXPERIMENTAL PnOCEDVRE 

a. Calibration of a Carbyne Sample Solution is carried out in the 
following manner; A solution containing 0.0100 gm of Carbyne in 100 ml 
of eluting Solution 2 is prepared. The ultraviolet absorbance of this solu­
tion at 277.5 m", using a 2-cm cell and the eluting Solution 2 as a 
reference, is determined. The absorptivity (a) is then calculated as 
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A 
a =-

cl 

where A = absorbanc~ . 
c = eoncentratlOll, grams per hter 
I = cell path length, centimeters 

A [pres~ure head 
f ( 2 water 

, r250 ml lIolume 

14/39 I ioint 

IOmm I d. 

,-j-+,c~ 
I I =\..--01towo sand 

. I 
50em I 

i 1 20cm 
Fisher adsorption alumina 

(cal, no A540) 
I 25cml :., 

I _L_'"~O'::;J./-I em Ottawo sand 
I T~-!""'---Medium porosity fritt 
. Gem 
I ! -21"rlm io 
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FIG. 1. Chromatographic column for formulation analysis of Carbyne (Bombaugh 
and Bull, 1961). Reprinted with permission of the American Chemical Society. 

b. A 2-gm ± 0.1 gm sample of Carbyne is transferred to a previously 
weighed 100-ml volumetric flask and the exact amount of Carbyne 
added is determined as follows: About 50 ml of ethylene dichloride is 
added, the flask stoppered and shaken vigorously to effect a homogeneous 
soiution. The solution is diluted to volume with more ethylene dichlo­
ride, stoppered and thoroughly mixed. A 10-ml portion of the solution 
is transferred onto a previously prepared chromatographic column and 
eluted with 175 ml of eluting solution 1. A cell full of the final portion 
of the eluent is collected and examined by its UV spectrum to insure that 
no active ingredient has been eluted. If an absorbance in excess of 0.01 
is observed, elute with 25 ml of additional eluting solution 1 and reo 
check this eluent. The column is then eluted with 225 ml of eluting So­
lution 2, and the entire eluent is collected in a 250-ml volumetric flask. 
The solution is diluted to volume with additional eluting Solution 2 and 
Illixed thoroughly. The UV absorbance is determined at 277.5 m!, in a 
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2-cm cell using eluting Solution 2 as a reference. The sample is scanned 
from 400 m" to 200 m". On the same chart. a strip is run (recording 
for at least three divisions) with the instrument set at exactly 300 m". 
The chart is backed-up and a strip is run (recording at lea~ three divi­
sions) at exactly 277.5 m". The operating wavelength is always ap­
proached from the long wavelength side to avoid any "back lash" errOr. 
The absorbance value at 300 m" is subtracted from the absorbance value 
at 277.5 mfl. The difference in absorbance is then used as a measure of 
the active ingredient in solution. The absorbance of tbe solution and 
tbe previously determined value for the absorptivity of the active in­
gredient is used to calculate the per cent of the active ingredient present. 

c. The calculation is made as follows: 

% Active ingredient 
25A 

aXIXg 

where 25 ~ dilution factor 
A ~ absorbance of the eluent solution 

. . . (Absorbance X liters) 
a ~ absorptiVity of pure Carbyne III (X) 

gm em 
I ~ cell length, centimeters / 
g ~ formulation loaded on the column, grams 

d. The silica gel is evaluated as follows: A chromatographic column. 
as described above. is loaded with the silica gel. A IO-ml quantity of 
Carbyne sample solution is pipetted onto the column. This sample is 
eluted with eluting Solution 1 and collected as seven separate 25-ml 
portions. The column is then eluted with eluting Solution 2 and collected 
as nine separate 25-ml portions. The absorbance maximum at 277.5 m" 
is read and recorded. The absorbance vs. the milliliters eluted is plotted 
and a differential chromatograph of the sample is obtained. A silica gel 
of proper activity should pass all of the formulation ingredients and other 
impurities without passing the active ingredient when eluted with 
eluting Solution 1. In turn, all of the active ingredient must be eluted 
with eluting Solution 2. 

e. The method affords a precision of 0.45%. An analysis of variance 
shows that the photometry introduces a standard deviation of ±0.14% 
while the chromatography introduces a standard deviation of ±0.43%. 
Replicate analyses of several known samples show a recovery of 98.9%. 
Provision is made to correct partially the interfering absorbance of the 
constituents of formulation by subtracting the absorbance at 300 m" 
from the absorbance at 277.5 m". 
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B. RESIDUE ANALYSIS 

1. REVIEW OF METHODS 

A colorimetric procedure for the determination of 3·chloroaniline 
from the herbicide isopropyl N-( 3-chlorophenyl ) carbamate (CIPC) has 
been puhlished (Card and Rudd, 1953) and is based on the formation 
of a complex with hypochlorite and phenol. Since this procedure led to 
variable results, another method was developed. 

2. RECOMMENDED METHOD 

a. The analytical method for determining Carbyne residues is based 
on a colorimetric determination of the 3-chloroaniline moiety (Riden and 
Hopkins, 1961). In this procedure, the active ingredient is isolated from 
plant tissues, hydrolyzed, and the 3-chloroaniline is collected hy steam 
distillation, diazotized, and coupled with N-( ",-naphthyl)ethylenedi­
amine. The resulting dye is then determined colorimetrically. This is 'a 
modification of previously published methods (Bratton et al., 1939; 
Werner, 1939) and is similar to those methods used for the determination 
of monuron (q.v.) (Bleidner et al., 1954), acetanilide (Brodie and 
Alexrod, 1948), parathion (Averell and Norris, 1948), and certain sulfa 
drugs (Ekert, 1943). 

b. Reagents 

Ethylene dichloride. Analytical grade; distilled and the portion hoil-
ing at 83-85"C retained. 

Potassium nitrite, analytical grade. 
Ammonium sulfamote, Matheson Coleman & Bell; m.p. 180-182"C. 
N -(a-Naphthyl) ethylenediamine dihydrochloride. Eastman, recrys-

tallized twice from 6 N HCl. 
Cellulose, Whatman standard cellulose powder. 

c. Apparatus 

Waring Blendar. 
Spectrophotometer. 
Cells, I-em path length. 

d. Experimental Procedure 

i. Sample Preparation. 

Crops are harvested by the agronomic procedure normally em­
plOyed for each individual crop. Creen tissue is kept frozen until 
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analyzed. Mature food portions are utilized as such. Each sample is 
stored in an individual polyethylene bag until it is analyzed. 

ii. Method. 

Samples of the green tissue are chopped into small pieces, weighed 
and ground in a Waring Blendor for 3 to 5 minutes with sufficient 
ethylene dichloride to form a thin paste. The homogenate is filtered 
through a glass wool plug in a funnel; the tissue is reproce<sed in the 
blender with fresh ethylene dichloride, filtered and washed twice with 
fresh ethylene dichloride, with the extracts and washes kept separate. 
vVhen this procedure is used with mature sugar heets or green peas, an 
emulsion is formed necessitating a change in the solvent system to iso­
propyl alcohol or acetonitrile. The slurry is then filtered througb cheese­
cloth and processed as described above. 

Samples of grain are homogenized with ethylene dichloride in the 
Waring Blendor, the solvent is removed in a basket-head centrifuge at 
2000 to 2.500 r.p.m. and the solids are washed twice with fresh ethylene 
dichloride. All plant tissues are recovered and saved for an assay of 
"water soluble 3-chloroaniline-containing substance." 

The extracts arc freed from interfering substances by treatment on 
a column consisting of a mixture of 1 part of Celite, 2 pirts of anhydrous 
sodium sulfate and 2 parts of Attaclay, by weight (L,me, 1958). 

The extracts, followed by the first wash, second wash, and fresh 
ethylene dichloride, are passed through the columns containing 20 gm 
of the mixture per 100 ml of extract. A 30 X 500-mm column is used 
for large samples (20 to 200 gm) and a 20 X 300-mm column for 
smaller samples. The mixture is packed in the column with flrm tamping 
and is supported by a I-inch layer of sea sand on glass wool. From 3 to 
5 psi of air pressure may bc used, but care must be taken to prevent the 
column from running dry, as shrinkage will OCCUI, ruining subsequent 
column washing, 

The column effluents are combined and evaporated in a 300-ml flask 
at 30° to 50°C with the aid of a gentle stream of filtered air. To all 
flasks, except those containing flax residues, are added 100 ml of 10% 
aqueous NaOH; and the flask's contents are refluxed for 1 hour under a 
condenser. Flax residues, being oily, require 20% NaOH and 2 hours of 
reflux time. The condenser is then rinsed thoroughly into the flask and a 
one-piece distillation head-condenser is placed on the flask. The 3-chloro­
aniline resulting from the hydrolysis of barban is then steam-distilled 
into a 5O-ml volumetric flask, containing 5 ml of 1 N HCI, until a total 
volume of about 40 ml is obtained. 

One milliliter of a 1% potassium nitrite solution is added to the 
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olumetric flask, mixed well, and allowed to stand for 10 minutes at 
V bient temperature. One milliliter of 2:% ammonium suIfamate is then 
a;ded to destroy the excess nitrous acid. After 3 minutes, 1 ml of a 
~.1% solution of N - ( a-naphthyl) ethylenediamine dihydrochloride is added, 
the solutions are brought to volume, and the absorbance at 550 mIL is 
measured. When extracts of older plants are analyzed, interfering dyes 
may result from o-aminoacetophenone formed by the alkaline hydrolysis 
of tryptophan (Bleidner, 1954). These dyes may be removed by chroma­
tography on a cellulose column using a 1: 15 (v Iv) mixture of glacial 
acetic acid and 1 N HCl as the developer. This solvent mixture was more 
suitable than 1 N HCl alone. 

A water slurry of Whatman standard cellulose powder is used to 
prepare a 10 X 360-mm chromatographic column. The dyes to be sepa­
rated are placed on this column in 1 N HC!. The addition of 100 to 125 
ml of a 1: 15 (v Iv) mixture of glacial acetic and 1 N HCI elutes the 
dye formed by the o-aminoacetophenone, while the dye from 3-chloro­
aniline moves only about one-third tbe length of the column. AI: 1 
(v/v) mixture of glacial acetic acid and 1 N HCI quantitatively removes 
the 3-chloroaniline dye. The dye is collected in a 5O-ml volumetric Hask, 
diluted to volume with glacial acetic acid and the absorbance is measured 
at .550 mIL. The acetic acid lends stability to the system, the colors remain­
ing unchanged for a least 3 days. 

After the plant tissues have been extracted with ethylene dichloride, 
they are retained and air-dried to remove the solvent. A sample of mate­
rial is weighed (about 50 gm) and placed in a I-liter Hask. Six hundred 
milliliters of 10$ aqueous NaOH is added and the mixture is re­
fluxed for about 2 hours. If foaming occurs, Dow-Corning Antifoam A is 
added. The condenser is turned downward and about 75 ml of the distil­
late is collected in a volumetric flask containing about 5 ml of 1 N 
HC]' If the distillate is colored, it is made basic and redistilled. 

The final distillate is diazotized, coupled, brought to volume (100 
ml), chromatographed and the absorbance at 550 m" is measured; all 
the steps being carried out as described above. 

The total residue is to be considered as a sum of the organic and 
"water-soluble" components. 

iii. Interferences. 

Tryptophan in plant tissues is hydrolyzed to o-aminoacetophenone 
(Bleidner, 1954). When this material is diazotized and coupled with the 
N-(a-naphthyl) ethylenediamine, a dye is formed which interferes with 
the 3-chloroaniline determination. This dye is removed hy cbromatog­
raphy On a cellulose column as a routine part of the analytical method. 
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iv. Sensitivity. 

The sensitivity of the method is dependent on the background en­
countered in the procedure. The absorbance readings..aPf the color­
developing reagents are identical to those obtained when distilled water 
is used. Untreated green plants provide absorbances of 0.004 to 0.()10 
when analyzed. 

Harvested grain from untreated plants gives readings of 0.000 to 
0.008. The quantities of tissue used, from 10 to 200 gm, have no eHect 
on the background. These readings represent an apparent background of 
o to 2 p.g of active ingredient. A sensitivity of twice the background is 
congidered valid and is, thus, 0.01 to 0.02 p.p.m. of the active ingredient 
for a 100 to 200-gm sample of plant material. 

v. Recovery. 

Extraction studies of the active ingredient from green tissues and 
final harvested food samples show recoveries of 68 to 102$. These studies 
have been fun on \\'heat, barley, peas, flax, sugar beets, saffiower, rape­
seed, sunflower, and several forage crops. 

vi. Standard Curve. / 
A standard curve plotting absorbance versus mjcrograms/50 ml for 

both 3-chloroaniline and the active ingredient is presented in Fig. 2. 

040 
3- Chloroaniline 

0.30 Barban 

• g 
0 
n 

~ 020 
n « 

0,10 

0 50 60 70 80 

Micrograms/50 ml 

FIG. 2. Standard curves for 3-chloroaniline and barhan (Riden and Hopkins, 
1961). Reprinted with permission of the American Chemical SOciety. 

vii. Sample Calculations. 
a-b 

c=-­
w 
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where c = amount of barbau, parts per million 
{l = barban in sample, micrograms 
h = barban in check (background), micrograms 

'll' = sample \'{eight, grams 

47 

a and b are derived from Fig. 2 whereby absorbancies of the sample 
and check are converted to micrograms. 

3. DISCUSSION 

Barban is converted to ethylene dichloride-insoluble components in 
all plants studied. These 3-chloroaniline-containing materials are water­
soluble. The discovery of these new substances allows a means of study­
ing the mctabolism of the herbicide. Separate methods of analysis for 
the organic soluble and insoluble fractions have thus been developed. 

The decline studies with Carbyne on all crops examined to date 
show a rapid disappearance of the active ingredient even under the ad­
verse conditions of overdosage and late application. Crops sprayed at 
the recommended time lose over 99% of the applied material within 2 
weeks. Four weeks after application the residues are 0.01 p.p.m. or less. 
In all cases, the residues found in food portions of the crops are helow 
0.01 p.p.m., which is the sensitivity of the analytical method. This is 
true even when rates fourfold greater than the recommended ones are 
used. 

REFERENCES 

Averell, P. R., and Norris, M. V. (1948). Anal. Chem. 20, 753. 
Rleiduer, W. E, (1954). J. Ag<. Food Chem. 2, 682. 
Bleiclner, W. C, Baker, H. M., L€vitsky, M., and Lowen, W. K. (1954). /. Agr. 

Food Chem. 2, 1476. 
Bombaugh, K. J.. and Bull, W. C. (1961). ]. Ag<. Food Chem. 9, 386. 
Bratton, A. C., :\larshal1, E. K., Babbitt, D., and Hendrickson, A. R. (1939), J. 

BioI. Chem. 128, 537. 
Brodie, B. R, and A]exrod, J. (1948). J. Pharmacol. Exptl. Thetap. 94, 22. 
Eckert, H. W, (1943). I. Bioi. Chern. 148, 197. 
Gard, L, N., and Rudd, N. G. (1953). /. Agr. Food Chem. 1,630, 
Hoffmann, O. L" Pullen, 1. W., Epperly, J. R., and Hopkins, T. R. (1960). Weeds 

8(2),198. 
Hopkins, T. R., and Pullen, 1. W. (1959). U. S. Patent 2,906,614. 
Hopkins, T. R., Neighbors, R. P., Strickler, p. D., and Phillips, L. V. (1959). 

1. Org. Chern. 24, 2040. 
Lane, J. R. (1958). I. Agr, Food Chem. 6, 668, 
Riden, J, R., and Hopkins, T. R. (l961 \. J. Agr. Food Clwm. 9, 4.7. 
Werner, A. E, A. (19.39). Loncet i, 18. 





-1-
CIPC 

L. N. CARD AND C. E. FERGUSON, JR. 

H a II CI;, 
I II 1/ 
N-C-O-C Y 'cH, 

CI 

Isopropyl N-( 3-chlorophenyl) carbamate 

I. GENERAL 

A. EMPIRICAL FORMULA 

C"H"O,NCI (MoL wt. 213.67). 

B. A!.TERNATlVF. NAMES 

Chloro-lPC, 3CI-IPC, and isopropyl ester of cblorocafbanilic acid. 

C. SOURCE OF ANALYTICAL STANDARD 

Pittsburgh Plate Glass Co., Chemical Division, Agricultural Chemical 
and Ammonia Sales, One Gateway Center, Pittsburgh 22, Pennsylvania. 

D. BIOLOGICAL PROPERTJES 

1. HERBICIDAL APPLICATIONS 

CIPC, in its use as a herbicide. has come to be recognized as an 
extremely valuable agricultural chemical. It possesses a distinct bio­
logical activity, particularly toward narrow-leaved annual plants when 
applied to the soil during pre-emergence or post-emergence of the plant. 
It controls the growth of many narrow-leaved species, including annual 
bluegrass (Paa annlla), harnyard grass (Echinochloa crusgalli), purslane 
(PortllWca oleracea), chickweed (Stelwria media), smartweed (Poly­
gonum pennsyivaniclIm) and crabgrass (Digitaria Spp.). A numher of 
other narrow-leaved species show intermediate susceptibility to the action 
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of this chemical. CIPC possesses a greater biological activity than the 
related unchlorinated compound isopropyl N-phenylcarbamate (IPC) 
(q.v.). 

2. SPROUT INHIBITOR 
.. 

CIPC is an effective sprout inhibitor for white potatoes during the 
storage period, under properly controlled conditions. Rhodes et aZ. 
(1950) reported that isopropyl N-phenyl carbamate (IPC). markedly 
reduced sprouting of stored potato tubers and that it was superior to 
the methyl ester of naphthaleneacetic acid (MENA) for this purpose. 

Marth and Schultz (1952) and Heinze et aZ. (1955) found that 
under certain conditions eIPe was more effective than IPC, MENA, 
2,4,5-trichlorophenoxyacetic acid (2,4,5-T) and maleic hydrazide as a 
sprout inhibitor. 

3. FRUiT THINNINC OF PEACHES AND l'RU;SES 

Chemical thinning of peaches and prunes at early stages of growth 
can be achieved by treating the fruit-bearing tree with spray con­
taining eIPC in concentrations ranging from 125 to 400 p.p.m. Aqueous 
sprays for this purpose are prepared from emulsifiable concentrate formu­
lations and are applied hy pressurized equipment to entire trees where 
thinning is desired. The time of application found most effective is after 
full bloom and when the fruit is developed to a size of 1-2 em in 
diameter (Marth and Prince, 1953; Mitchell et aZ., 1958). 

4. TOXICITY 

The acute oral toxicity studies conducted in 1953 by the Industrial 
Hygiene Foundation of America, Inc., Pittsburgh, Pa. for Pittsburgh 
Plate Glass Company indicated that the LDc.o for rats was between 5 
and 7.5 gm per kilogram of body weight. Similar tests with rabbits 
showed that the LD" for rabbits is approximately 5 gm per kilogram 9f 
body weight. A chronic toxicity study On CIPe was conducted (Larson 
et aI., 1960) and showed that CIPC is of a low order of toxicity. Recently 
(1960) the U. S. Food and Drug Administration, and the U. S. Depart­
ment of Agriculture have permitted a tolerance of 50 p.p.m. of CIPC 
on potatoes involved in interstate commerce. This very high tolerance 
applied to potatoes only, and cannot be interpreted as being applicable 
to other food crops at the present time. 

E. HISTORY 

Biological effects of the esters of carbanilic acid (carbamates) were 
reported hy Friesen in 1929. In 194,5 Templeman and Sexton published 



7. CIPC 51 

the results of plant growth studies with carbanilic esters, and reported 
that the isopropyl ester (IPC) effectively retarded the growth of oats. 

Experimental field work eventually led to commercial application 
of IPC for weed control in legumes, strawberries, spinach, and lettuce. 
Commercial experience soon showed IPC to have two limitations: under 
field conditions its perfonnance was variable and inconsistent, and its 
residual life in the soil was too short for most crop applications. 

Much of the early work in weed control with carbamates empha­
sized IPC. In 1951, Witman and Newton reported the more toxic effect 
of CIPC as compared with IPC. Since then, extensive work has been 
done with CIPC as a herbicide applied in various forms both at pre· 
emergence and post-emergence for the control of narrow-leaved species. 

Some of the crops grown in soil receiving CH'C treatment for weed 
control and analyzed for residues of the herbicide are given in Table I. 

TABLE I 
TREATED CROPS ANALYZED FOR CIPC RESIDUEE 

Crop 

Lettuce 
Sugar beets 
Onions 
Peanuts 
Cottonseed 
Spinaeh 
Strawocrries 
Sweet potatoes 
Grapes 
Tomatoes 
Carrots 
Celery 
Rice 
Peas 
Lima beans 
Snap beans 
Soybeans 
Alfalfa 
Broccoli 

Herbicidal treatment 
(CIPC) 

Pre-eroergence 
Pre-eroergence 
Pre-croergence 
Pre-eroergence 
Pre-cmergence 
Pre-emergence 
At onset of dormancy 
Layby 
Annually-spring 
J,ayby 
Post-emergence 
Pre-transplant and Poat-transpJant 
Prc-emergcncc 
Prc-cmergcnce 
Pre-cmergence 
Pre-emergence 
Pre-emergence 
Post-emcrgence 
Post-emcrgence 

F. PHYSICAL PROPERTIES 

"lelting point: 38 to 40°C. 
Boiling point: 24TC (decamp.). 
Specific gravity at 30°C: 1.180. 
Refractive index n"D (supercooled): l.5395. 

References 

Gard et aZ., 1954 
Gard et al., 1954 
Card et a/., 1954-
Gard et aZ., 1954 
Gard et al., 1954 
Gurd et al., 1954 
Curd and Reynolds, 1957 
Gard and Reynolds, 1957 
Card and Reynolds, 1957 
Gard and Reynolds, 1957 
Gard and Re:ynolds, 1957 
Card et al. J 1959 
Card et al., 1959 
Gard et al.) 1959 
Gard et al., 1959 
Card et al., 1959 
Card et al., 1959 
Card, unpublished 
Card, unpuhlished 
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Specific heat: 0.45 cal/gm/oC. 
Flash paint: 175°C. 
Fire point: 175°C. 
Vapor pressure, 25°C: 10-' to 10-' mm Hg (extrapola~d). 
Solubility in water at 25°C: 89 p.p.m. 
Solubility in organic liquids: Soluble in alcohols, hydrocarbons, 

chlorinated hydrocarbons, ketones, esters, and anhydrous NH,. 

G. CHEMICAL PROPERTIES 

1. METHODS OF SYNTHESIS 

Two important methods for synthesizing CIPC are presented. The 
first method involves the reaction of equimolar quantities of isopropyl 
alcohol with meta-chlorophenyl isocyanate [Eq. (1)]. 

(I) 

The second method of synthesis involves the reaction of equimolar 
quantities of isopropyl chloroformate with meta-chloroaniline in a sodium 
hydroxide medium [Eq. (2) J. 

NaOH " 
CIC,Il.NH, + C,H,OCOCI --_ CIC,H,:-iHOCOC,H, +1<.CI + H,O (2) , 

2. CHEMICAL REACI'IONS 

Being an ester, CIre is slowly hydrolyzed under acidic and basic 
conditions to yield meta-chloroaniline, CO" and isopropyl alcohol. Tbis 
reaction forms the basis for analytical procedures applicable to the tech­
nical product, its formulations, and crop residue tests. CIPC is subject 
to degradation in the presence of strong oxidizing agents, but is not 
readily acted upon by mild organic intermediates and solvents. On 
heating to temperatures of approximately 250°C, decomposition occurs 
to form chlorophenyl isocyanate and isopropyl alcohol. 

H. FORMULATIONS 

Granular applications of the herbicide are made by a broadcast 
type of operation from formulations containing 5, 10. and 20% of active 
ingredient using either hand-operated or mechanically operated equip­
ment. Spraying applications are conducted with emulsifiable concen· 
trates of CIPC. 

The liquid formulations containing CIPC used expressly for the 
inhibition of sprouting of white potatoes during storage are formulated 
under the trade name of "Sprout-Nip." One type of application involves 
the use of an aqueous emulsion wherein the potatoes are treated hy 9. 
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d
· ing process. Another type of application involves the spraying of a 
IPP I' h t . t b' ·th . t nonaqueous formn atIOn on t e .P?ta oes In s orag~ lllS . WI e~Ulpmen 

capable of atomizing or vaponzmg the formulatIOn dlfectly mto very 
minute particles resembling fog. 

Various aspects of the different formulations of eIPe are covered 
under U. S. Patent 2,695,225. 

II. ANALYSIS 

A. FORMULATION ANALYSIS 

1. REVIEW Or' METHODS 

a. Total Chlorine Analysis 

In the case of technical eIPe and formulations, both liquid and 
solid, containing no chloro compounds as vehicles or diluents, appraisal 
of the active ingredient may be achieved by determining the total chlo­
rine content by Parr bomb fusion with sodium peroxide, followed by 
chlorine analysis by Volhard titration. Other modes of sample decompo­
sition suitable for determining total chlorine in organa-compounds may 
also be applicable to eIPe and its formulations (see Volume I, Chap­
ter 11). 

b. N itrogcn Analysis 

An approximation of the purity of the technical product and the 
active ingredient concentration of formulations can be obtained by a 
total nitrogen analysis, provided the associated components of the mix­
ture contain no nitrogen compounds. This method of assay analysis is 
not recommended, however, in view of the comparatively low concen­
tration level of nitrogen in the compound. 

c. Hydrolysis Procedures 

eIPe is susceptible to hydrolysis by both acids and alkalies to yield 
carbon dioxide, isopropyl alcohol, and 3-chloroaniline. This hydrolysis 
reaction provides the basis for the analytical methods most commonly 
used for assaying the technical product and formulations. 

2. RECOMMENDED PROCEDURE 

a. Principle 

Hydrolysis methods are recommended for the analysis of the tech­
nical product and its formulations. Acidic hydrolysis is the preferred 
technique since the reaction goes to completion within one hour. 
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It is based on the measurement of the carbon dioxide resulting from 
acidic hydrolysis of the sample with an excess of a sulfuric-phosphoric 
acid mixture. The carbon dioxide evolved during hydrolysis is absorbed 
in a measured excess of standardized sodium hydroxide4iolution and 
determined titrimetrically. Granular formulations are extracted with 
methylene dichloride in a Soxhlet apparatus prior to hydrolysis in order 
to separate the CIPC from the granular base which, if present, would 
introduce serious bumping problems during the hydrolysis reaction. 
Emulsifiable concentrates are hydrolyzed directly without prior separa­
tion. In some cases, the hydrolysis is eanied out in an alkaline environ­
ment under reflux conditions during an overnight reaction period. In 
this case also, the measurement of the CO, formed during hydrolysis 
is the basis of the method. The CO, is collected chemically as the 
carbonate in the alkaline mixture during the reaction. At the termination 
of the hydrolysis, the CO, is liberated from the mixture by dilute acid 
treatment and measured titrimetrically by the same procedure and 
apparatus used for the acidic hydrolysis. 

The results obtained by both acidic and alkaline hydrolysis pro­
cedures indicate that the precision of the method is ±0.05% carbon 
dioxide, or ±0.25% expressed as CIPC. The calculated accuracy of the 
method is 99% or better. / 

b. Reagents 

The acid hydrolysis mixture is prepared by mIXIng 9 ml of conc. 
H,SO, with 91 ml of phosphoric acid. Other reagents are: standardized 
1 N HCI and 1 N NaOH solutions, 10% BaCl, solution, and 0.5% phenol-
phthalein indicator solution. \ 

c. Apparatus 

The apparatus employed for the acid hydrolysis of the sampl~ is 
shown in Fig. 1. . 

All the air drawn through the system by an aspirator pump (H) \is 
scrubbed thoroughly with a dilute solution of potassium hydroxide (11:,) 
to remove residual CO" and is then used to sweep the reaction flask 
(C) during and after hydrolysis of the sample. The gas is passed through 
a water-cooled condenser (F) where condensable materials are returned 
to the reaction flask. As the gases leave the condenser, they are drawn 
through the NaOH absorber solution (E), and inert gases are vented 
through the aspirator system (H). The phosphoric-sulfuric acid hy­
drolysis mixture is introduced to the sample through the dropping 
funnel (B). Heat is applied to the reaction flask by the Bunsen burner. 
The vacuum on the system is regulated by the stopcock (G). After the 
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FIG. 1. Hydrolysis and carbon dioxide evolution assembly, A, Meyer sulfur bulb; 

B acid reservoir; C, reaction flask; D, receiver flask; E, absorption tower; F, con~ 
d~nser; G, stopcock; and H, aspirator connection. 

reaction is complete, the absorber solution is transferred to the receiver 
flask (D). 

d. Experimental Procedure 

The experimental procedure provides for the analysis of both the 
technical product and its formulations. 

i. Sample Preparation-Granular Formulations. 

Assemble a Soxhlet apparatus in the customary manner. Weigh 
25 gm of granular sample containing 5% eIPe into the paper extraction 
thimble and place in the Soxhlet. Use correspondingly smaller samples 
accurately weighed for formulations containing larger amounts of eIPe. 
Extract the sample in a cellulose thimble with 125 ml of methylene di­
chloride for 2 hours to separate the eIPe from the carrier. 

At the end of the extraction period, remove the flask containing 
the extract and cool to room temperature. Transfer the extract to a 250~ 
ml wide-mouth Erlenmeyer reaction flask and evaporate the solvent 
by boiling gently on a steam bath. When a few milliliters of solvent 
remain in the flask, remove from the steam bath and pass a slow stream 
of filtered air over the surface of the liquid in the flask and complete 
the removal of solvent at room temperature. After the solvent has been 
expelled, proceed with the hydrolysis and carbon dioxide measurement 
in the manner described for the technical product. 

ii. Technical Product. 

Weigh 2.5 to 3.0 gm of the technical or purified eIPe sample to 
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0.1 mg, or 5 gm of the 47% emulsifiable concentrate, and transfer to a 
250-ml wide-mouth Erlenmeyer reaction flask. Add 5 ml of distilled water, 
and four or five glass beads to reduce bumping during hydrolysis, and 
connect the flask to the apparatus as shown in Fig. l. '" 

Charge the CO, absorption tower (E) with 40.0 ml of standardized 
1 N NaOH and add four drops of n-butanol. Apply suction to the system 
by adjusting the water aspirator so that air is drawn slowly and con­
tinuously through the air scrubber (A). Add 30 ml of the phosphoric­
sulfuric acid mixture to tbe reaction flask containing the sample. Heat 
this flask gently, intermittently at first, until the sample has melted and 
the initial evolution of gas has ceased. Adjust the Bunsen burner to 
permit slow, even boiling of the sample mixture, while maintaining a 
continuous flow of air through the air scrubber. Continue this process 
for one hour to insure complete reaction. 

Disconnect the absorption tower from the aspirator connection and 
reRux condenser, and transfer the absorber solution to a 500-ml receiver 
flask (D), by the proper manipulation of suction applied to the receiver 
flask. Rinse the tower free of the NaOH solution with distilled water. 
Dilute the absorber solution in the flask to approximately 300 ml with 
distilled water, add 50 ml of 10% barium cbloride, and mix vigorously 
for approximately 1 minute. Without filtering off the pr~cipitated BaCO." 
add 2 ml of phenolphthalein indicator solution anel titrate the excess 
NaOH with standardized 1 N HCI. 

Process a blank determination in the manner described above, em~ 
ploying water and the acid hydrolysis mixture. Compute the net volume 
(milliliters) of the standardized NaOH solution consumed and correct 
for the blank. 

iii. Interfering Substances. 

Materials other than CIPC that liberate CO, under the conditions of 
the test cause interference in the method and appropriate correction 
must be applied. 

iv. Calculation. 

The formula for calculating the analytical results is given in the 
following equation: 

% Isopropyl N-(3-chlorophenyl) carbamate (CIPC) 

B. RESIDUE ANALYSIS 

ml of NaOH (net) X N X 0.1068 X 100 
Sample wt. 

Analytical methods for determining residue concentrations of CIrC 
in treated crop samples fan into two general categories: (1) those in-
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volving hydrolysis techniques, either in cases where the CIPC is ex-

ted with an appropriate solvent such as methylene dichlonde or 
~c, . d' etroleum ether (Gard and Rudd, 1953), or by the dIrect hy rolySlS 
ireatment of the bulk of the sample without extractive treatment; (2) 
those involving instrumental measurement of the CIPC directly OIl the 
sample extract without hydrolysis. 

The basis of the methods falling into the first of these categories is 
the measurement of the 3-chloroaniline hydrolysis product by sensitive 
spectrophotometric methods. The choice of the appropriate extraction 
technique and hydrolysis conditions for a particular product application 
is difficult to predict in advance and will vary from product to product. 
The method to be used is dependent on the inherent interferences which 
exist with the product and which respond to the complete analytical 
method. 

The direct hydrolysis of the bulk of the sample without extractive 
separation of the CIPC is confined exclUSively to an alkaline hydrolYSiS 
technique. Acidic hydrolysis results in serious charring and decomposition 
problems. In cases where the direct alkaline hydrolysis of the sample is 
applicable, the procedure to be followed would be the same as that ap­
plied to sample extracts as described in the "General Hvdrolysis 
Procedure." 

An extractive and direct measurement method for determining the 
eIPC content by an infrared instrumental technique was developed by 
the authors in conjunction with K. S. Dress and R. H. Shupe of the 
Infrared Lahoratory, Pittshurgh Plate Glass Company, Chemical Division 
(Ferguson et al., 1963). This infrared method is less sensitive than spec­
trophotometric methods involving 3-chloroaniline measurements and is 
applied exclUSively to the analysis of samples which contain CIPC in 
amounts exceeding 0.1 mg in a 200-gm sample. An example of this type 
of application is the analysis of potatoes treated for sprout inhibition for 
which a 50-p.p.m. tolerance of CIPC was recently set. 

1. IffiCOMME:NDED METHOD-ALKALINE HYDROLYSIS METHOD 

a. Principle 

The method involves extractive separation of CIPC from the mac­
erated Or ground sample with a nonaqueous solvent. After separation 
and evaporation of the solvent to concentrate the CIPC, the residue 
which remains is hydrolyzed in a comparatively strong alkaline medium 
to yield 3-chloroaniline. The resulting 3-chloroaniline is steam-distilled 
from the alkaline solution and is determined in the distillate by a suitable 
spectrophotometric procedure capable of measuring micro amounts of 
3-chloroaniline. 
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Two analytical methods are generally used for measurement of the 
3-chloroaruline. One method involves the formation of a blue-colored 
complex of the 3-chloroaniline with hypochloritc and a phenol-ammonium 
hydroxide reagent (Gard and Budd, 1953; Jacobs, 1949),toThe second 
method involves the spectrophotometric measurement of the rose-red 
colored complex formed after diazotization of 3-chloroaniline and Cou­
pling with N-1-naphthylethylenediamine dihydrochloride (Montgomery 
and Freed, 1959). 

b. Reagents 

Strong alkali solution for the hydrolysis operation is prepared in 
50% (w/v) strength from Reagent Grade sodium hydroxide. Other re­
quired reagents for the hydrolysis and distillation steps include: petroleum 
ether, Dow-Corning Antifoam-Type A, 95% ethanol, and Celite filter aid 
(Johns-Manville) . 

Reagents required for the phenol-ammonia-hypochlorite spectro­
photometric measurement method include 0.36 M HCI, and calcium 
hypochlorite solution, prepared by treating 5 gm of calcium hypochlo­
rite (70% "vailable chlorine) with 95 ml of distilled water and heating 
to 60°C while stirring. The resulting mixture is filtered through a What­
man No. 40 filter paper and the clear filtrate stored in 'a glass-stoppered 
bottle for not more than 10 days. 

The phenol-ammonia reagent is prcpared fresh at the time of use by 
diluting 5 ml of NH,OH (sp. gr. 0.90) with 95 ml of distilled water and 
dissolving 5 gm of pure phenol in the solution. The phenol found es­
pecially applicable for this use may be obtained as a U.S.P. grade from 
Oronite Chemical Company, San Francisco, California. 

Reagents required for the diazotization-dye coupling spectrophoto­
metric method include 2% sodium nitrite solution, prepared fresh daily; 
10% sulfamic acid solution, prepared fresh every 3 days; 2% N-1-naphthyl­
ethylenediamine dihydrochloride solution, prepared fresh daily; approxi­
mately 6 M HCI; and 1 M HCI. 

c. Apparatus 

The hydrolysis and distillation apparatus used is shown in Fig. 2. 
Cooling water is supplied and regulated to the condensers in such a 
fashion that during hydrolysis the assembly functions in a total reflux 
manner. After the hydrolysis period is complete, the flow of cooling water 
in the reflux condenser is discontinued and is directed through the down­
ward condenser, thus providing for the collection of distillate. By thiS 
arrangement it is unnecessary to rearrange or disconnect any of the 
items of equipment after the testing procedure has commenced. 
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FIG. 2. Hydrolysis and disti1lation assembly. A, 500·IllI Kjeldahl Flask, with 
24/40 ',Il joint; B. reflux condenser, 'West-type, with 24/40 If joint; C, distilling con­
denser, 'Vest-type, with 24/40 '$' joint; D, side-arm distilling head, with 24/40 T 
joints and thermometer joint with 10/30 'f joint; E, 125-ml dropping funnel, with 
10/30 If joint; F, receiver beaker; G, Bunsen burner; and H, Lab Jack. 

Other items of apparatus include: a spectrophotometer equipped 
with l-cm and 5-cm cells, a centrifuge which accommodates 250-ml 
sedimentation bottles, and a blending or grinding device capable of 
macerating the sample to fine pulp. 

d. Experim.ental Procedure 

i. Sample Preparation. 

A sufficient amount of sample is macerated to provide 200 gm for 
each test. Fresh foods such as tomatoes and peas containing substantial 
amounts of inherent water are macerated and blended in their own 
juices. Dried foods and dry products, such as alfalfa hay and rough rice, 
are ground and macerated in a dry state. 

Sample processing in either case is conducted by placing somewhat 
more than the 200-gm sample required for the test into the blender 
and macerating or grinding to a fine, uniform pulp. 

ii. Extraction Procedure-Aqueous Macerate. 

. After maceration, a 200-gm portion of aqueous macerate is weighed 
lI1to a 5OO-ml separatory funnel. 
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One hundred and fifty milliliters of petroleum ether is added to the 
separatory funnel, and the funnel is shaken thoroughly for one minute 
to extract any herbicide into the ether layer. The slurry is then trans_ 
ferred to 250-ml sedimentation bottles and centrifuged "t about 1800 
r.p.m. for 10 minutes to separate the layers. The top ether layer is with­
drawn with the aid of a suction pipette and transferred to another 5OO-ml 
separatory funnel. The water-pulp layer is returned to the first separatory 
funnel and re-extracted a second and then a third time, using 100 ml of 
petroleum ether each time. The ether layers are combined in the sepa­
ratory funnel and the water-pulp fraction is discarded. 

About 75 ml of a 50% v /v ethanol-water wash solution is added to 
the separatory funnel containing the combined ether extracts. and the 
mixture is shaken thoroughly to wash the ether solution. After sepa­
ration of the layers (a little crystalline Nael may be added to aid in 
breaking any emulsions which may form). the alcohol-water layer is 
transferred to a second separatory funnel containing 50 ml of petroleum 
ether and is extracted a second time. The alcohol-water layer is again 
extracted in a third separatory funnel containing 50 ml of petroleum 
ether. After this third extraction. the alcohol-water layer is discarded. 
The successive washing of the ether layers is repeated three additional 
times, after which the petroleum ether layers ire combined for 
further treatment. 

iii. Extraction Procedure-Nonaqueous Macerates. 

A 200-gm portion of macerate from dried samples containing a com­
paratively low level of moisture is weighed into an 8OO-ml beaker. and 
sufficient petroleum ether is added to thoroughly wet the sample and 
leave a layer of solvent on the surface. The slurry is allowed to leach 
overnight. after which it is filtered by decantation througb a Whatman 
No. 41 filter paper utilizing suction and a Biichner funnel. An additional 
portion of petroleum ether is added to the beaker containing the pulp, 
and is allowed to leach for one additional hour. stirring the slurry 
occasionally. After leaching, the slurry is decanted through the original 
filter. finally transferring all the powder to the funnel and rinsing 
the solids retained on the filter with two 5O-rnl portions of petroleum 
ether. The filtrates and washings are combined and reserved for further 
treatment, and the pulp is discarded. 

iv. General Hydrolysis Procedure. 

The petroleum ether extracts are combined in a 500-ml hydrolysiS 
flask (Kjeldahl type) fitted with a 24/40 'I' glass jOint and evaporated 
to dryness under reduced pressure by connecting the flask to a water' 
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aspirator pump and immersing the flask in a bath of warm water 

(ca. 40°C). 
When the evaporation of the ether is complete, the flask is discon-

ted from the suction line, 100 ml of distilled water and 2 to 3 drops nec . 
f anti-foam (Dow Corning Type A) are added, and the flask IS con-

~ected to the distillation apparatus. The distillation receiver (a 125-ml 
beaker) is charged with 5 ml of 0.36 M HCI if the phenol-ammonia­
hypochlorite procedure is followed, or 5 ml of 6 M HCl if the dia.zoti~a­
tion dye-coupling method IS followed. The outlet tube of the dlsllllallon 
condenser must dip below the liquid level of the acid in the receiver 
beaker. 

Fifty milliliters of the 50% NaOH solution are added through the 
dropping funnel into the distillation flask followed by 25 ml of distilled 
water. The solution is warmed gently with a Bunsen burner, and allowed 
to reflux for 1.5 hours. At the end of this hydrolysis period, the cooling 
water to the reflux condenser is shut off, and the sample is allowed to 
distill from the distillation flask, the vapors condensing in the downward 
condenser and being collected in the distillation receiver beaker. Thirty 
milliliters of distillate are collected in the receiver beaker. 

After collection of the distillate, 0.2 gm of the Celite filter-aid is 
added and mixed thoroughly to clear the distillate and remove any 
turbidity which may bc present as a result of volatile diverse materials 
which may have steam-distilled. Treatment of cloudy distillates with 
Celite has been found to be quite effective for removal of the substances 
causing this turbidity (Card et al., 1959). After this Celite treallnent, the 
solution is filtered through a 7-cm Whatman No. 42 filter paper. The 
filtrate is collected in a clean, dry I50-ml beaker if the phenol-ammonia­
hypochlorite method is to be followed. The filtrate is collected directly 
in a 5O-ml volumetric flask if the diazotization dye-coupling method is 
to be followed. In either case, the washing of the filter is accomplished 
with a minimum of water so that the total volume of distillate and wash­
ings does not exceed 40 m!. 

v. Phenol-Ammonia-H ypochlorite Spectrophotometric Method. 

To develop the color with the 3-chloroaniline collected in the filtered 
distillate, two drops of 5% calcium hypochlorite solution are added 
and the solution is allowed to digest at room temperature for 5 minutes 
~th intermittent mixing. After this reaction, the solution is heated to 
h Ilmg and allowed to boil Vigorously for 30 seconds on an electric 
~t plate. The solution is rcm~ved from the hot plate and 5 ml of the 

P enol-ammonia reagent is added immediately to the hot solution. This 
reagent is added beneath the surface of the hot solution with a pipette, 
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with the tip portion of the pipette functioning as a stirring rod for mix­
ing during the addition of the phenol-ammonia reagent. The mixture is 
allowed to digest without accelerated cooling for 15 minutes for full 
color development. .. 

Near the end of this digestion period the solution is diluted to 
exactly 45 ml with distilled water. A suitable portion of the diluted 
solution is transferred to the 5-cm cell of the spectrophotometer and the 
transmittance (650 m!') is measured using distilled water in the 
reference cell. 

vi. Diazotization Dye-Coupling Spectrophotometric Method. 

To the filtrate from the Celite treatment in the 5O-ml volumetric 
flask add 1 ml of 2% sodium nitrite solution. mix thoroughly, and allow 
to stand 20 minutes for complete diazotization. Add 1 ml of 10% sulfamic 
acid solution, mix thoroughly, and allow to stand for 15 minutes for 
complete destruction of the excess nitrite. After decomposition of the 
nitrite is complete, add 5 ml of 2% N-l-naphthylethylenediamine dihydro­
chloride solution, dilute to volume (50 ml) with 1 M HCI and mix thor­
oughly. After 90 minutes, measure the transmittance of the solution at 540 
m!, using distilled water in the reference cell of the spectrophotometer. 

;' 
vii. Interfering Substances. 

In all food crops tested by the analytical methods a small but finite 
interference expressed as CIPC has been found. No attempt has been 
made to identify the particular components in each sample whicb con­
tribute to this interference. Presumably, these interfering substances 
possess some chemical structure resembling aniline and respond to the 
analytical method. Each crop analyzed has been evaluated for its own 
peculiar interference and corrections made during the analysis of "re· 
covery" and treated crop samples for this interference. Establishment of 
valid and justified interference correction values necessitates testing a 
minimum of five replicates to permit statistical analysis and to verify 
the consistency of this correction. 

viii. Sensitivity, 

The practical lower limit of detection by both analytical methods 
described, as applied to crop analysis, is approximately 0.01 mg of CIPC, 
or 0.05 p.p.m. hased on a 200-gm crop sample. It must be emphasized 
that this practical lower limit of sensitivity is greatly dependent upon the 
magnitude of the naturally occurring inierfering substances present in 
the crop samples which respond to the analytical method. 
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ix. Recovery. 

In general, recovery analyses are conducted for each crop by adding 
CIPC to samples of the untreated crop in amounts approximating the 
concentration expected in the treated crop samples. The CIPC is added 
in a solvent identical to that used in the extraction step of the analysis 
and is added to the weighed portion of the sample before extraction. 
Recovery analyses must be performed for each crop studied in order to 
prove the validity of the analytical method for that particular crop. In 
the authors' laboratory the calculated average recovery has ranged 
between 80% and 100% for a substantial number of crop analyses (Gard 
ct al., 1959; Gard and Reynolds, 1957; Gard and Rudd, 1953). 

x. Calibration of Spectrophotometer and Preparation of Standard 
Curve, Phenol.Ammonia-liypochlorite Method. 

Calibration of the spectrophotometer is conducted by measuring 
aliquots representing 0.00 to 0.05 mg of 3-chloroaniline dissolved in 
dilute hydrochlOriC acid, according to the color development steps of the 
analytical procedure. Absorbancy values for the standards are obtained 
with a spectrophotometer at 650 m!" with 5-cm cells and distilled water 
in the reference cell. Typical data are given in Table II. 

TABLE II 
CALIBRATION OF SPECTROPIIOTOMETER FOR 3-CHLOROANILINEa 

PHENOL-AMMONIA-HYPOCHLORITE METHOD 

3-Chloroaniline 
(mg) 

Transmittance at 650 m,u. 

0.00 
0.01 
0.02 
0.03 
0.04 
0.05 

.. NOTE: 3-Chloroa.niline is the hydrolysis product of CIPC. 

(%) 

98 
82 
68 
57 
47 
39 

xi. Calibration of Spectrophotometer and Preparation of Standard 
Curve, Diazotization Dye-Coupling Method. 

Calibration of the spectrophotometer is conducted by measuring 
aliguots representing 0.00 to 0.100 mg of 3-chloroaniline dissolved in 
1 M HCI according to the color development steps of the analytical 
procedure. Optical transmittance values for the standards are obtained 



64 CARD AND FERGUSON, JR. 

with a spectrophotometer at a wavelength of 540 m!, utilizing both I-cm 
and 5-cm cells and distilled water as reference. Typical transmittance 
data are given in Table III. 

TABLE III 
CALIBRATION OF SPECTROPHOTOMETER FOR 3-CHLOROANILINE" 

DIAZOTIZATION DYE-COUPLING METHOD 

Transmittance at 540 m~J 70 
3-Chloroaniline 

(mg) I-em cell 5-cm cell 

0.000 97.5 95.0 
0.002 94.0 80.0 
0.004 90.0 68.5 
0.006 86.0 58.0 
0.008 84.5 49.0 
0.010 82 .. 5 40.0 
0.012 79.0 36.0 
0.015 76.0 28.5 
0.018 72.0 23.0 
0.020 71.0 
0.030 60.5 
0.040 52.5 
0.050 44.0 I 
0.060 38.0 f 
0.070 30.0 
0.080 27.0 
0.100 19.5 

a NOTE: 3-ChloroalliIine is the hydrolysis product from CIPC. 

xii. Sample Calculation. 

The CIPC content of the sample under examination is calculated 
from the following equation: 

CIPC = fig of 3-chloroaniline (net)"·' X 1.67 X 1000 
p.p.m. Sample wt. 

where a = value obtained from calibration curve 
b = correction for interference in the method due to unknown com­

pounds in the sample which respond to the test 

2. DISCUSSION OF THE METHOD AND ITS APPLICABILITY TO DIFFERENT CROPS 

In general terms, the analytical methods described can be con­
sidered as being applicable to a wide variety of different crops (Table 1). 
However, in specinc applications technical modincations are nearly 
always required to resolve individual interference problems and handling 
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techniques which charact~rize each crop. These problems must be dealt 
vith on an individual basIs. 
\ Two outstanding examples of technical modifications often required 
in the analytical procedure because of the particular nature of the 
sample involved are as follows: (1) The use of a different solvent other 
than petroleum ether for the extraction of the sample, and (2) the use 
of dilute sulfuric acid for the hydrolysis step in the method. Other 
modifications of the method to improve recoveries and reduce inter~ 
ferences may be required and can only be determined by experimentation 
(see also Volume I, Chapter 5). 
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Dacthal 
H. P. BURCHFIELD AND ELEANOR E. STORRS 

Cl Cl 

'"·=1i'=~ 
Cl Cl 

Dimethyl 2,3,5,6-tetrachlorotereph0alate 

I. GENERAL 

A. EMPIRICAL FORMULA 

C"H,O,Cl, (Mol. wt. 332.15). 

B. ALTERNATIVE NAMES 

Tetrachloroterephthalic acid, dimethyl ester, DAC-893. The name 
Dacthal is the registered trademark of the Diamond Alkali Company. 

C. SOURCE OF ANALYTICAL STANDARD 

Diamond Alkali Co., Agricultural Chemicals, Research Center, P.O. 
Box 348, Painesville, Ohio. 

D. BIOLOGICAL PROPERTIES 

Dacthal is a pre-emergence herbicide which has little post-emergence 
effect on most crops or weeds. It is particularly promising for the control 
of crabgrass in turf and certain weeds in crops. Lambsquarters, crabgrass, 
Witch grass, purslane, chickweed, and foxtail are controlled at application 
rates of 4 to 8 pounds per acre; while pigweed, annual blue grass and 
J~hnson grass may require higher rates. Common ragweed, mustards, 
JImson weed, Galinsoga, and smartweed are resistant at the rates com­
Inonly used. Daethal has given good control of annual grassy weeds in 
turf, ornamentals, field and forage crops, vegetables, and fruit plantings. 

The acute oral toxicity (LD,,) of Dacthal to male albino rats is 
reported to be greater than 3.0 gm per kilogram of body weight. The 
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acute dermal toxicity (LD,,) to albino rabbits is reported to be greater 
than 10.0 gm per kilogram of body weight. A single application of 3 mg 
to the eyes of albino rats produced a mild degree of irritation which 
completely subsided in 3 hours. Information on chronic -lklxicity was not 
available at the time of writing. 

E. HISTORY 

Dacthal is the trademark of Diamond Alkali Co. for dimethyl 2,3,5,6. 
tetrachloroterephthalate. Its use as a herbicide was disclosed in U. S. 
Patent 2,923,634 and its selective biological activity described by 
Limpel ef al. (1962), and Harris et al. (1960). It was first tested as a 
pre-emergence herbicide by various agricultural experiment station 
workers in 1959. 

F. PHYSICAL PROPERTIES 

Pure Dacthal is a white crystalline solid, of very low vapor pressure, 
which melts at 156'C. Its solubility in water is less than 0.5 p.p.m. and 
it is sparingly soluble in acetone, benzene, cyclohexanone, dioxane, tetra­
hydrofuran, xylene, and petroleum solvents. It is essentially odorless. 

G. CHEMICAL PROPERTIES I 

Dacthal can be prepared by the chlorination of p·xylene, and can· 
version of the reaction products to 2,3,5,6·tetrachloroterephthaloyl chlo· 
ride. The latter compound is then caused to react with methanol to yield 
the dimethyl ester. 

Dacthal is thermally stable and is not hydrolyzed easily by aqueous 
acid. However, it will dissolve readily in conc. H,SO, and on warming it 
liberates tetrachloroterephthalic acid. Saponification of the methyl groups 
by alcoholic KOH is slow, and, on prolonged refluxing, some of the ring 
halogen is eliminated. 2,3,5,6-Tetrachloroterephthalic acid is a strong 
organic acid because of the electronegativity of the four halogen atoms 
and two carboxyl groups substituted in the ring. Consequently, the 
dimethyl ester is an alkylating agent. This is the basis for the colori· 
metric method used for residue analysis. 

H. FORMULATIONS 

Dacthal is marketed as wettable powders containing 50% of the 
active ingredient (W·50) for the control of crabgrass in turf, and 75% 
of the active ingredient (W·75) for the control of crabgrass and annual 
weeds in vegetables and strawberries. 

Formulations for experimental work only include 20/40 mesh gran· 
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1 containing 1.5% of the active ingredient (G-1.5) for tests on turf 
u ~ ornamentals; and 30/60 mesh granules containing 5% of the active 
~:gredient (G-5) for limited applications on established fruit crops. 

Dacthal has been marketed for use on lawns under the name RID. 

II. ANALYSIS 

A. FORMULATION ANALYSIS 

Methods for formulation analysis have not yet been released by the 
manufacturer. Determination of total chlorine will not give highly 
accurate results, since compounds may be present as impurities which 
contain variable amounts of halogen. 

For approximate results, the colorimetric method described in 
Section n,B can he used. However, methods of this type are usually not 
considered accurate enough for the determination of major components. 

B. RESIDUE ANAL YSlS 

1. REVIEW OF METHODS 

Micro amounts of Dacthal can be determined by gas chromatography 
(Storrs and Burchfield, 1962), or calorimetrically by reaction with y­

(4-nitrobenzyl)-pyridine (Schuldt et al., 1961). Gas chromatographic 
methods can be applied to the analysis of Dacthal residues in crops. 
(See Volume I, Chapter 9 for details.) 

2. RECOMMENDED METHOD-COLORIMETRIC METHOD FOR THE DETERMINATION 

OF DIMETHYL TETRACHLOROTEREPHTHALATE 

a. Principle 

Pesticides such as Dyrene, and simazine, which contain strongly 
e.lectronegative groups can be determined calorimetrically by causing 
tnem to react with pyridine to form quaternary bases. In alkaline solution, 
the pyridine ring opens to form a highly colored anil of glutaconic 
dialdehyde. The ease with which the pyridine ring is cleaved is de­
pendent upon the electronegativity of the entering group. Thus, cyanogen 
chloride gives a color with pyridine and organic base alone, while the 
s~triazines and similar materials require the presence of an alkali metal 
hYdrOXide or a quaternary base. On the other hand, the heterocyclic 
nngs of Compounds such as methyl pyridinium chloride are not cleaved 
at all under the normal conditions of temperature and pressure. 

The ring halogens of Dacthal are unreactive, so colorimetric analy-
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sis by the usual modifications of the pyridine-alkali reaction is not pos­
sible. However, Dacthal, since it is the ester of a strong acid, is an active 
methylating agent and will react with pyridine derivatives to form 
quaternary salts such as methyl pyridinium iodide. As noteft above, the 
rings of these compounds are not cleaved readily, but colors can be 
developed by using a pyridine derivative which can be dehydrated to 
yield a chromophore. Thus, a number of alkylating agents (I) have been 
shown to form colored products (IV) when caused to react. with y- ( 4-
nitrobenzyl)-pyridine (II) as described by Epstein et al. (1955) and 
reviewed by Burchfield and Schuldt (1958). The overall reaction is 
as follows: 

RX + OCH,,-Q-NO, 
I II 

/ 

CH,....tOCH" -0-No,. I 

III 

CH,-N:>=CH-Q-NO. 
IV 

The color is developed by dehydrating the quaternary base (Ill) in the 
presence of triethylamine. Methylation of the reagent (II) is carried 
out in an autoclave at a temperature of 120°C. Pyridine and triethylamine 
are added subsequently to develop the color. The absorption maximum 
is at 565 ill!, (Fig. 1). Some color is developed when the reaction product 
is dissolved in pyridine alone, but absorbances are not reproducible. 
Color intensity and reproducibility are enhanced greatly on addition of 
triethylamine. Readings should be made shortly after adding this reagent, 
since the color fades on standing. 
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FIG. 1. Absorption spectrum of reaction product of dimethyl tetrachloro­
terephthalate with y-( 4-nitrobenzyl)-pyridine and triethylamine in pyridine solution. 

b. Reagents 

The following solvents or reagents are required: Reagent Grade 
pyridine (MaIIinckrodt Chemical Works), Reagent Grade triethylamine 
(Eastman), Clark and Lubs pH 4 phthalate buffer (Beckman Instru­
ment Co.), analytical Reagent Grade acetone (MaIIinckrodt Chemical 
Works), Reagent Grade methylene chloride, neutral Norit A decoloriz­
ing carbon (Fisher Scientific Co.), commercial grade acetonitrile, Reagent 
Grade n-heptane, anhydrous sodium sulfate, and grade I Woelm acid 
aluminum oxide (Aluphram Chemicals, New Orleans, La.). 

The y-( 4-nitrobenzyl)-pyridine used in preparing the reagent can 
be obtained from Mathieson, Coleman, and Bell. The reagents used in 
the analytical determinations are a 5% solution of y-( 4-nitrobenzyl)­
pyridine in analytical Reagent Grade acetone (w Iv) and a 50% solution 
of triethylamine in pyridine (v Iv) . 

c. Apparatus 

An autoclave operated at 120°C and 18 psig pressure is useful for 
carrying out the reaction. However, a home pressure cooker will also 
serve satisfactorily. Special laboratory glassware which is needed includes 
I,DOO-ml and 250-ml separatory funnels, 4-inch conical funnels, fritted 
funnels, medium-porosity Biichner-type fritted funnels, filter flasks with 
slde tubes, quart jars with aluminum-lined lids, and 22-mm O.D. X 28-
em glass columns with stopcocks. Since the alkylation reaction is carried 
Out in 125-ml Erlenmeyer flasks, a large supply of these is desirable. 
Other apparatus, in addition to COmmon laboratory glassware, includes 
~n interval timer, a source of clean dry air, aluminum foil, Whatman 

0.802 filter paper, and a I-gallon Waring Blendor, model CB-4. 
Any suitable colorimeter or spectrophotometer employing l-cm 

cells can be used for absorbance measurements. 
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d. Experimemal Procedure 

i. Extraction from Plant Material or Soil. 

For soft succulent products such as vegetables a~ berries, the 
sample (200 gm) and 500 ml of methylene chloride are added to a 
Waring Blendor and macerated for 2 minutes. Without stopping the 
blendor, an additional quantity of methylene chloride (500 ml) is added, 
and the blending is continued for an additional 3 minutes. The homog_ 
enate is then transferred to a I,OOO-ml separatory funnel. After the pllases 
have separated, the lower layer is drawn off and saved for analysis_ 

Hard fibrous tissues are prepared for extraction by running them 
through a food chopper. For the extraction of such materials as well as 
for soils, the sample (200 gm) is placed in a 500-ml glass-stoppered 
Erlenmeyer flask, and 250 ml of methylene chloride is added. The flask 
is then shaken for 2 hours on a mechanical shaker_ The contents are 
filtered through four thicknesses of cheesecloth_ The filtrate is reserved 
for analysis. 

ii. Clean-up Method_ 

Aliquots of the methylene chloride extract (250 ~) are transfc'Tred 
to a 400-ml beaker and evaporated to dryness under a current of clean 
dry air. Acetonitrile (50 ml) is then added and the contents of the beaker 
mixed well with a Stirring rod. The solution is transferred to a 250-ml 
separatory funnel, and the residue remaining in the beaker is washed 
with n-hexanc (25 ml) which is then added to the acetonitrile in the 
separatory funnel. The funnel is stoppered and shaken for a period of I 
minute. When the phases separate, the lower phase (acetonitrile) is 
transferred to a secoud separatory funnel and extracted with 25 ml of 
n-heptane for I minute. This process is repeated until a total of three 
extractions have been made. The acetonitrile layer is then placed in a 
250-ml beaker and evaporated to dryness under a stream of clean, dry 
air. A hot-water bath (50°C) is used to facilitate the evaporation of the 
solvent. The residue is dissolved in methylene chloride (50 ml) and 2 
tablespoons of decolorizing charcoal (Norit-A) are added. The mixture 
is stirred thoroughly, and the solution is permitted to remain in contact 
with the absorbant for 15 minutes with occasional stirring. It is then 
vacuum-filtered through fritted-disk funnels (medium porosity) into " 
250-ml suction flask. The beaker and funnel are washed with two 15-rnl 
portions of methylene chloride. The filtrate is transferred to a 250-rnl 
beaker, and the sucti<m flask is rinsed with methylene chloride (20 rnl). 
The combined filtrate and washing is reserved for further clean-up by 
chromatography on alumina. 
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(a) Preparation of chromatographic column. A plug of glass wool is 
laced in the' bottom of a 22-mm O.D. X 28-cm column and forced into 

Place with a solid glass rod. The column is packed with activated alu­
~ina to a height of 4 inches. During packing, each inch of material is 
compacted as it is added to the column. When all of the alumina has been 
added, 1 inch of anhydrous sodium sulfate is placed on top of it. The 
column is preconditioned by passing methylene chloride (150 ml) 
through it. The level of the methylene chloride should not be allowed 
to drop below the top of the sodium sulfate layer. Columns can be con­
ditioned in advance but should be used the same day. 

(b) Chromatography. The methylene chloride solution containing 
Dacthal is percolated through the column, and the Dacthal is thus 
adsorbed on the activated alumina. After all of the solution has been 
transferred to the column, the beaker which contained the Dacthal solu­
tion is washed with 25 ml of a 2% solution of acetone in methylene 
chloride (v/v). The washings are also percolated through the column. 
As soon as the meniscus of the methylene chloride reaches the top of 
the sodium sulfate layer, the sides of the column are washed with a 2% 
solution of acetone in methylene chloride (2 to 3 ml). This procedure 
is repeated three times. Each time, the liquid level is allowed to reach the 
sodium sulfate layer before adding the next portion of solvent. A fourth 
portion (25 ml) is added to the column directly. The solvent which 
passes through the column up to this point is discarded. When the 25-
ml rinse reaches the sodium sulfate Jayer, an additional 100 ml of a 2% 
acetone solution in methylene chloride is added to the column. The 
Dacthal is eluted from the column with this portion of solvent. When 
the last of this solvent has passed into the sodium sulfate layer, the 
eluate is collected for analysis. 

iii. Measurement of Dacthal. 

r-(4-Nitrobenzyl)-pyridine reagent (2 ml) is added to the eluate 
from the column, and the solution is evaporated to dryness at sooC in 
a hot-water hath under a stream of clean, dry air. Beckman pH 4 
phthalate buffer diluted to half-strength (2 ml) is added, and the mouth 
of the flask is covered with aluminum foil. The flasks are placed in an 
autoclave at 120°C (18 psig) for 1 hour and are then removed and 
cooled. The aluminum covers are removed and the contents evaporated 
to dryness under a stream of clean, dry air. Additional buffer (1 ml) 
and pyridine (8 ml) are added to each flask, and they are swirled until 
all the solid dissolves. Triethylamine reagent (1 ml) is added. The con­
tents of the flasks are mixed thoroughly, and the absorbance is measured 
at 565 m/< against a reagent blank which is processed in the same manner 
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as the sample. The readings should be made as soon as possible after 
adding triethylamine. 

iv. Interferences. ... 

Any compound which can function as an alkylating agent will give 
a positive test in this reaction. This includes alkyl halides. alkyl sulfates, 
and ethylenimines. Other esters of terephthalic acid give colored products 
under these conditions, but, in general, the response is not as intense 
as with dimethyl tetrachloroterephthalate. The color decreases when 
fewer chlorine atoms are substituted in the aromatic ring, or when the 
methyl groups of the ester are replaced by higher alkyl groups. In 
general, modifications which would be expected to reduce the alkylating 
power of the terephthalate ester result in lower intensities. Compounds 
which respond sufficiently to the color test to be classed as potential 
interferences include dimethyl trichloroterephthalate, methyl butyl tetra· 
chloroterephthalate, monomethyl tetrachloroterephthalate, and dimethyl 
dichloroterephthalate. The color intensity decreases in the order giVen. 

Thorough clean-up of the sample is required to obtain reliable 
results. Extracts of soils and crops which have not been subjected to 
chromatography often yield purple colors corresponding to a few micro­
grams of Dacthal when it is known that this compoUnd has not been 
applied. Therefore, chromatography on alumina is required to eliminate 
this interference. The nature of the materials in the extracts giving rise 
to this effeel have not been established. 

v. Recovery. 

Dacthal added to various crops at rates ranging between 0.25 and 
3.75 p.p.m. has been analyzed with acceptable results (Table I). Re· 
coveries varied from a low of 74% to a high of 104%. 

Recovery of dimethyl tetrachloroterephthalate from dry soil was 
found to be in the range of 80 to 90% of the amount added. 

In a study in which the chemical was applied to the soil at r.1tes 
of 10 and 20 Ib of active ingredient per acre, periodic samples were 
taken for one year to determine the residual amount of chemical present. 
After one year, 1.8 and 10.3% of the initial dose remained in plots treated 
at the 10-lb rate, and 4.2 and 13.1% remained at the 20-lb rate. 

vi. Sensitivity. 

The sensitivity depends upon a number of factors, including sample 
size, dilution factor, final volume of the solution on wbich absorbance 
measurements are made and the ratio of background to color intensity· 
These will vary with the individual crop and modification of the method 
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TABLE I 
RECOVERY OI-' Dn.lETHYL TETRACHLOROTEREPRTHALATE 

ADDED TO VARIO"GS PLANT HOMOGENATES AND SOlLa 

Sample material Added, p.p.m. Found, p.p.m. Recovery, 0/0 

cottonseed (nondelinted) 0.25 0.215 86.0 
0.50 0.43 86.0 

Cottonseed (delinted) 0.25 0.232 92.8 
0.50 0.518 103.6 

cottonseed oil 1.25 1.10 88.0 
2.50 2.12 84.8 
3.7,5 3.18 84.8 

Onions 0.25 0.235 94.0 
0.50 0.405 81.0 
1.00 0.975 97.5 

gl'leet potatoes 0.25 0.18 74.0 
0.50 D.H 82.0 
1.00 0.(.1 74.0 

Soil 0.35 0.2m 81.2 
0.50 0.414 82.8 
[.00 0.91;1 91.3 
1.25 1.005 80.1 
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a All of the above recovery values are means of a minimum of triplicate determina­
tions. 

used for analysis. A solution containing the reaction product obtained 
from 1 "g of DacthaI per milliliter has an absorbance of 0.18. Residues 
as low as 0.01 p.p.m. have been detected in crop samples. 

vii. Standard Curve. 

A solution containing 1000 p.p.m. of pure Dacthal in acetone is 
prepared. From this stock, solutions containing 10, 20, 30, and 40 "g per 
milliliter are prepared by diluting with acetone. An aliquot of each solu­
tion (1 ml) is added to duplicate 125-ml Erlenmeyer flasks, and the 
solvent is evaporated under a current of clean, dry air. Color is developed 
as. described in Section II,B,2,d,iii; and micrograms of compound per 
ftnlliliter of solution is plotted against absorbance (Fig. 2). 

3. APPLICABILITY OF RECOMMENDED METHOD TO DIFFERENT 

CROP OR FOOD MATERIALS 

0lli Cottonseed (nondelinted), cottonseed (delinted), cottonseed oil, 
ons, sweet potatoes, strawberries, and a number of other crops have 
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FIG. 2. Standard curve for the estimation of dimethyl tetrachloroterephthalate. 

been treated witb Dacthal and analyzed for residue. Satisfactory results 
were obtained in all cases. The method is equally applicable to the deter­
mination of Dacthal in soil. 

4. DISCUSSION OF METHOD 

This method provides a general technique for tbe analysis of com­
pounds having a1kylating power and undoubtedly should be useful for 
the determination of other pesticides having tbis function. It is par­
ticularly useful when the alkylating group is a hydrocarbon radical such 
as the methyl group, since other pyridine-alkali procedures (Burchfield 
and Schuldt, 1958) are not applicable. Although this general method has 
been used previously for the analysis of alkyl halides and ethylenimines 
(Epstein et al., 1955), the reaction conditions described here are unique. 

In early experiments, extremely variable results were obtained when 
dimethyl tetrachloroterephthalate was treated with a 5% solution of l' ( 4-
nitrobenzyl)-pyridine in acetone in a boiling water bath for periods up to 
2 hours. It appeared that the color was more reproducible when the 
residue was dissolved in pyridine rather than the acetone used by previ­
ous workers. However, some batches of reagent did not yield colored 
products. In cases where color was obtained, increasing the time of 
heating enhanced the color intensity, but the sensitivity was not satis­
factory. The addition of the Beckman phthalate buffer (pH 4) to the 
reactants before heating in the water bath resulted in reproducible 
results, but the sensitivity was still poor. When buffers with higher or 
lower pH values were tried, the color intensity decreased. Evidently, 
variable amounts of impurities in the reagent caused the erratic result~' 
obtained in earlier experiments, since highly purified reagent did not 
yield strong colors in the absence of buffer. Phthalate buffers were 
superior to phosphate buffers for this purpose. Beckman pH 4 buffer 
gave the highest color intensity. When this buffer was used together with 
a 5% solution of reagent in pyridine, the color intensity was found to 
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. se with time of heating. This suggested the use of higher temper-
mcrea 

res. Therefore, the flasks were placed in an autoclave for 30 minutes 
aWa temperature of 120°C. Under these conditions, the color intensity 
~~creased fivefold. Time studies showed that 60 minutes in the autoclave 
was optimum. Subsequent work showed that the color intensity at 565 
m!, was virtually independent of pH between values of 3 and 5. Simi­
larly, dilution of the buffer to % strength did not reduce the absorbance. 
Therefore, the Beckman pH 4 phthalate buffer at half strength was used 
in all subsequent work. Varying the concentration of the reagent between 
3 and 10% also failed to produce significant changes in intensity. Conse­
quently, a 5% solution of the reagent in acetone was selected arbitrarily. 

The reaction product formed on autoclaving was found to be stable. 
Pyridine and triethylamine were added to samples immediately after 
heating and to samples held at room temperature 5 hours after heating. 
No significant difference in color intensity was observed. Therefore, it is 
permissible to allow samples to stand in the dry state at least 5 hours 
before developing the color. The reaction product was also found to be 
stable in the pyridine solution. However, once the triethylamine is added, 
the absorbance should be read as soon as possible, since the color fades 
rapidly. 

5. MODIFICATION OF METHODS OR ALTERNATE METHODS 

No modifications of this method have been published. Dacthal can 
he measured by gas clnomatography, but results on application to residue 
analysis have not been published. 
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Dalapon (Sodium) 
GRANT N. SMITH AND E. H. YONKERS 

Cl 0 
I II . 

CH -C-C-ONa , I 
Cl 

Sodium 2,2-dichloropropionate 

I. GENERAL 

A. EMPffiICAL FORMULA 

C,H,O,Cl,Na (Mol. wt. 165). 

B. ALTERNATE NAME 

Sodium a,a-dichloropropionate. The name dalapon is the foreign 
trademark of the Dow Chemical Company. 

C. SOURCE OF ANALYTICAL STANDARD 

Agricultural Chemical Research Center, The Dow Chemical Com­
pany, Midland, Michigan. 

D. BIOLOGICAL PROPERTIES 

Dalapon is a growth regnlator which is used to control undesirable 
grasses. It is actively absorbed and translocated by both foliage and roots. 

Dalapon (sodium salt) is quite low in acute oral toxicity for all the 
species studied. The results of feeding single doses of dalapon to various 
Species of animals are given in Table r. 

E. HISTORY 

Dalapon was first introduced by The Dow Chemical Company 
(U. S. Patent 2,642,354) in the summer of 1953 to state and federal 
experiment stations for limited field testing. The next year, a commercial 
Product was made available for railroads and certain other nonagricul­
tural applications. Since 1955, dalapon has been shown to be useful in 

79 
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TABLE I 
DALAPON FEEDING STUDY RESULTS 

gm/kg of acid equivalent 

Species 

Rat 
Rat 
Mouse 
Guinea pig 
Rabbit 
Chick 
Cattle 

Sex 

Male 
Female 
Female 
Female 
Female 
J\lixed 
Steers 

19/20 Confidence 
LD~G limit. 

8.12 7.36to8.95 
6.59 5.99 to 7.26 

>4.0 
3.36 2.40 to 4.72 
3.36 2.00 to 5.65 
5.66 

>4.0 

agricultural applications for the control of noxious grasses in a wide 
variety of commercial crops. The tolerance of many crops to dalapan 
has now been established. 

F. PHYSICAL PROPERTIES 

Melting point; 193-19TC. 
Solubility: Sodium a,a-dichloropropionate is soooble in water. The 

sodium salt is not readily soluble in most Common solvents except 
alcohols, e.g.; ethanol, 18.5 gm/IOO gm; methanol, 82.7/100 gm. 

Specific gravity (250 /250
) and pH of water solutions: 

1% 
10% 
20% 
50% 

G. CHEMICAL PROPERTIES 

Sp. Gr. 

1.0049 
1.0547 
1.1145 
1.2978 

pH 

5.7 
5.5 
5.6 
6.0 

In alkali solutions and temperatures higher than 120"C, a-dehala· 
genation occurs according to the following equation: 

Cl 0 0 0 
I II heat II II 

CH-C-C-ONa + 2NaOH-CH-C-C-Na + 2NaCI + H20 3/ base:3 
Cl 

This reaction will also occur at lower temperatures. The rate of reaction 
is markedly affected by temperature and alkalinity. 
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II. RESIDUE ANALYSIS 

A. REVIEW of' METHODS 

Various methods have been developed by The Dow Chemical Com­
pany for the analysis of dalapon in a wide variety of crops. Most of 
these procedures are modifications of the original method developed 
for the determination of dalapon in sugar cane (Smith et al., 1957). The 
method consisted of three main steps. Dalapon was extracted from the 
plant with water; or, in the case of sugar cane, the juice was expelled by 
a commercial operation. Dalapon was then separated from interfering 
substances by solvent extraction, reverse-phase column chromatography, 
and heavy metal precipitation of interfering materials. It was then con­
verted to pyruvic acid which was in turn determined by the dinitro­
phenylhydrazine method (Friedemann and Haugen, 1943). 

The original procedure (Smith ct al., 1957) has been modified for 
use with various crops by using alcohol or water solutions containing 
protein-precipitating agents for the initial extraction of the Dalapon. 

The major modification which has been introduced has been the 
use of a Dowex-l ion exchange column to further separate pyruvic acid, 
formed by the hydrolysis of dalapon, from other interfering substances. 

Most biological materials contain keto acids or related compounds 
which will interfere with the colorimetric procedure used for the de­
termination of pyruvic acid. Dalapon is isolated from some of these 
interfering substances by the extraction procedure, reverse-phase chroma­
tographyand the capper-lime precipitation technique. Some of the inter­
fering substances are however carried through the procedure. These 
must be removed by ion exchange chromatography and solvent distribu­
tion of the dinitrophenylhydrazones. 

D. RECOMMENDED METHOD 

1. PRINCIPLE 

This method is applicable to the determination of 0.1 p.p.m. or more 
of dalapon in raw sugar cane juice using 250 to 500-gm samples. 

Dalapon is separated from naturally occurring interfering substances 
by means of solvent extraction, chromatography, and heavy metal pre­
cipitation. It is then hydrolyzed to pyruvic acid and the pyruvic acid 
detected as the 2,4-dinitrophenylhydrazone (Friedemann and Haugen, 
1943) . 
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2. REAGENTS 

Ethyl ether, C.P. The ether should be tested with the di~trophenyl_ 
hydrazine reagent to be sure that it is free of interfering su"l5stances. 

Hydrochloric acid, C.P. 
Sadium hydroxide, 5 N. 
2,4-Dinitrophenylhydrazine reagent. Dissolve 200 mg of 2,4-dinitro­

phenylhydrazine (Eastman white label) in 100 ml of 2 N Hel. Shake 
until completely dissolved; filter and store in a refrigerator when not in 
use. 

Benzyl alcohol, C. P. 
lly-Flo Super-Ccl, siliconized. Heat 5 kg of Johns-Manville Hy-Flo 

Super·Cel overnight in an oven at 100°C. Cool and add to 15 liters of 
60-70 C C Skelly Solve, containing 100 ml of dimethyldichlorosilane Lot. 
.\10. T-352 (Dow-Corning Corporation). Shake the slurry for several 
minutes, then partially evacuate the container to remove air bubbles 
from the slurry. Repeat this operation several times. Remove the solvent 
by filtration and wash the filter cake several times with fresh solvent. 
Dry the filter cake on a steam bath until fairly free of solvent. Heat 
overnight in an oven at 100°C. Store in a closed bottle wpen not in use. 

Hydrochloric acid, 0.1 N saturated with benzyl alcohol. 
Distilled water, saturated with henzyl alcohol. 
Copper sulfate, 20%. 
Calcium hydroxide, C.P. 
Toluene, C.P. 
Sodium carbonate, 10% solution filtered to remove insoluble materials. 
Sodium bicarb(mate, C.P. \ 

3. APPARATUS 

Continuous ether liquid-liquid extractor (Fig. 1). 
Chromatographic columns 24 X 350-mm. 
Volumetric flasks, 10, 25, and 50-ml. 
Centrifuge. 
Centrifuge tubes, 15 and 50-m!. 
Erlenmeyer flasks, 125-rnl. 
Transfer pipettes, 1, 2, 3, 5, and 10-m!. 
Autoclave. 
Separatory funnels, BO-m!. 
Beckman Spectrophotometer. 
fon exchange tube (Fig. 2). 
Gradient elution equipment (Fig. 3). 
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l"~ i· 
-I 
_fJID 0584 mm bore 
Erner flowexocr 

control 

F IC. 1. Continuous ether extractor (Smith et ai., 1957) . 

4. EXPERIMENTAL PROCEDURE 

a. Sample Preparation 

83 

Prepare duplicate samples for analysis according to the following 
procedure: 

To a 250 to 500-gm sample of raw sugar cane juice expressed from 
cane in a standard sugar mill, add 15 ml of conc. HC] and sufficient 
distilled water to dilute the sample to approximately 1500 ml. The 
solution should be acid to Congo Red paper. 

Transfer the solution to the continuous extraction apparatus. As­
semble the apparatus using a 250-ml distillation Bask. 

Add sufficient ethyl ether to the system to permit a continuous 
operation and so that approximately 150 ml of ether will be in the dis­
tillation flask. Boiling chjps should be added to the distillation Bask to 
prevent bumping. 

Extract the solution for 8 hours at a constant rate. Transfer the 
t>tber from the distillation flask to n 5OO-ml separatory funnel. Extract 
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~ 2 s'opcoc~ 

28/15 
temole 10lnl 

18 mm dlomeler 

12 mm dlomeler 

Coo r se f"tled disk 

FIG. 2. Ion exchange column. 

28/15 mole JOInt 

Flask 8 
250ml 

round boltom 
flask 

MognellC 
stirrer 

Flos~ A 
lli1er 

found boJlom 
flask 

FIG. 3. Gradient elution equipment. 

the ether solution once with 10 ml of 5 N NaOH and once with 5 JIll 
of distilled water (see Note 1). 

Combine the water phases and make the solution acid to Congo Red 
paper by the addition of conc. HCl. Add 15 mI of 2,4-dinitrophenyl­
hydrazine reagent, shake, and allow to stand at room temperature for 
1 hour. 

Prepare a chromatographic column as described below. Transfer 
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olution to the chromatographic column and allow it to pass slowly 
the s Ii h I ·ti· f tho ti' 

the column using a s g t Y pasl ve au pressure or IS opera on. 
into' . 
After the solution has entered the column, Introduce 75 m! of 0.1 N HCI 
;aturated with benzyl alcohol. This should be added in small aliquots of 

10 to 20 ml. 
Follow the acid solution with approximately 125 ml of distilled 

water saturated with benzyl alcohol. As soon as the water is added to the 
column, the eBluent from the column is collected in 10 ml fractions. Ten 
fractions are collected (see Note 2). Each fraction is analyzed as 

follows: 
To each fraction, add 0.5 ml of 20% CuSO, solution and 0.5 gm of 

Ca(OH),. Shake vigorously for 1 minute and allow to stand for 15 
minutes with occasional shaking. 

The precipitate is removed by centrifuging; and is washed twice with 
LO ml of distilled water. 

The original solution and the two wash portions are combined and 
placed in a 125-ml Erlenmeyer flask. Add cone. HCI until the solution 
is slightly acidic. Solid sodium bicarbonate is added until a small quan­
tity of solid bicarbonate remains. Cover each flask with aluminum foil. 

Al this point, the fractions from each duplicate set of samples are 
divided into two sets. The fractions from one sample are used to estimate 
tissue blank and are not hydrolyzed. The other fractions are used to 
estimate combined tissue blank and 2,2-dichloropropionic acid. 

The fractions that are to be hydrolyzed are placed in an autoclave 
and heated for 50 minutes at 120-125°C (15 psi), then cooled. All 
fractions are then analyzed according to the following procedure: 

Concentrated hydrochloric acid is added to each solution until it is 
acidic to Congo Red paper. Transfer the solutions to OO-ml separato,,), 
fUl1nels, using a smal1 amount of distilled water to insure complete trans­
fer. Two separatory funnels must be prOVided for each solution. 

To each solution, add 2 ml of 2,4-dinitrophenylhydrazine reagent, 
mix thoroughly, and allow to stand for 5 minutes at room temperature. 
Add 10 ml of toluene to each solution and shake vigorously for 1 
minute. Allow the layers to separate. Transfer the wate~ phase to the 
second separatory funnel provided for each solution. Save the toluene 
layer by allowing it to remain in the first separatory funnel. 
. Extract the water phase again with 10 ml of toluene by shaking 

vIgorously for 1 minute. Allow the layers to separate, discard the water 
phase, and transfer the toluene layer to the first separatory funnel. 
b Extract the combined toluene layers with 5 ml of 10% sodium car­

Onate solution and then with 3 ml of the same solution. Combine the 
Sodium carbonate solutions and place in a 10-ml volumetric Bask. Dilute 
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to volume with 5 N NaOH. Mix thoroughly and allow to stand for 10 
minutes. Filter the solutions through Reeve Angel No. 804 12.5-crn 
fluted filters. Read the solutions in the Beckman Spectrophotometer at 
440 m!, against distilled water. .. 

The difference between the absorbance readings of the hydrolyzed 
and unhydrolyzed samples is proportional to the amount of 2,2-dichloro_ 
propionic acid present in the samples. This is estimated by referring to a 
standard curve prepared by using dilute solutions of 2,2-dichloro. 
propionic acid. 

b. Preparation of Chromatographic Column 

Mix 20 gm of siliconized Super-Cel with 16 ml of benzyl alcohol 
(mix thoroughly). Add distilled water saturated with benzyl alcohol 
with mixing until a thin slurry is obtained. Transfer the slurry to a 500-ml 
filtering flask and evacuate until the slurry is largely free of air bubbles. 

Introduce the slurry into a 24 X 350-mm chromatographic column 
and pack uniformly by use of air pressure and a packing rod. This opera­
tion is best accomplished by repeatedly allowing a portion of the liquid 
phase to pass from the column, then packing with the rod. The column 
should be rotated as it is packed so that the material in the column 
will have a uniform consistence. / 

c. Standard Curve 

\'1' eigh out several samples of 2,2-dichloropropionic acid and dilute 
with distilled water to give solutions ranging in concentrations from 
10 to 100 I'g per milliliter of solution. Pipette 10-ml aliquots of each 
solution into 125-ml Erlenmeyer flasks and add 25 ml of distilled water. 
Add solid sodium bicarbonate until a small amount of solid bicarbonate 
remains. 

Cover the flasks with aluminum foil and autoclave for 50 minutes at 
120-125"C (15 psi). After cooling, acidify the solutions with concentrated 
hydrochloric acid until acidic to Congo Red paper. 

Add 2 ml of dinitrophenylhydrazine reagent. Allow the resulting 
solution to react for 5 minutes at room temperature. Extract this :;0111-

tion with two successive 10-ml portions of toluene. Combine the tolt;ene 

layers and extract with one 5-ml portion and one 3-ml portion of 10% 
Na;lCOS • Combine the sodium carbonate solutions and transfer them 
to a 10-ml volumetric flask. Dilute to volume with 5 N NaOH solution, 
mix, and filter if necessary. Fifteen minutes after addition of tbe sodiun~ 
hydroxide, measure the absorption at 440 ill" against distilled water an 
correct for the reagent blank. 
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The data obtained from tbese analyses can be used to construct a 

dard curve which follows Beer's law. stan .., . 
NOTE 1: Suffic.ent sodlUm hydrox.de should be used to msure that 

the extracting solution is basic after the acids in the ether solution have 
been neutralized. 

NOTE 2: After becoming familiar with this procedure, it will be 
possible to discard all but the two or three samples containing the 
dichloropropionic acid. 

C. ~fODlFICATION OF METHOD 

In those methods in which an ion exchange column is employed, the 
following procedure is employed starting with the effiuent from the 
reverse phase chromatographic column. 

Transfer the effiuent to a 25O-ml Erlenmeyer flask, cover with alu­
minum foil, and hydrolyze in an autoclave for 50 minutes at l20'-125c C 
(15 psi). Cool and add enough distilled water to dissolve any excess 
benzyl alcohol. 

Prepare an ion exchange column as follows: Add ion exchange resin 
to the ion exchange tube (Fig. 2) to make a packed column 130-mm 
high. To pack the column, use sufficient air pressure to create a flow 
rate of 2.5 ml per minute. Wash the column with distilled water until 
the effiuent is neutral to Hydrion Wide-range paper (see Note 3). 

Force the hydrolyzed effiuent through the ion exchange resin with 
the same amount of pressure used to pack the column. \Vash the column 
with 25 ml of distilled water. Discard the effiuent and wash the water 
from this column. Add appTOximately 2. ml of distilled water to the top 
of the ion exchange column and carry out a gradient elution with hy­
drochlOric acid, increasing the concentration from 0 to approaching 1 N. 
Flask A of the gradient elution equipment (Fig. 3) contains 1 N hydro­
chloric acid. Flask B contains 200 ml of distilled water and a magnetic 
stirring bar encased in polyethylene. Start the magnetic stirrer and apply 
pressure to Bask A until the eluting liquid is about to enter the ion 
exchange tube, then attacb the ion exchange tube to the elution equip­
ment. Increase the pressure to obtain a How rate of 2.5 ml per minute 
and collect 60 ml of effiuent. 

Transfer the effiuent from the ion exchange column to a l25-ml 
separatory funnel and couple with 2 ml of 2,4-dinitrophenylhydrazine 
reagent for exactly 5 minutes at room temperature. Extract witb two 10-
rnl Portions of toluene. Combine the toluene extracts and extract with 
~?e 5-ml portion and one 2-ml portion of 10% sodium carbonate. Com-
.ne the sodium carbonate extracts in a lO-ml volumetric Bask and dilute 
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to volume with 1.5 N NaOH. Mix thoroughly and allow to stand for 15 
minutes. Filter the solution through a Reeve Angel No. 804 12.5 cm 
fluted filter paper. Measure the optical density against water at 440 m~ 
using a Beckman Model DU spectrophotometer and cu+ettes with a 
10-mm light path. Obtain the micrograms of 2,2-dichloropropionic acid 
corresponding to the experimental optical density from a standard curve. 

NOTE 3: To prepare the ion exchange resin wash 200 gm of Dowex 
1-X8, 200-400 mesh, with 1 liter of 1.5 N NaOH. Decant the NaOH 
solution and wash with 6 I-liter portions of distilled water. Soak in 1 
liter of 3 N HCI overnight. Decant the HCI and wash with 3 I-liter 
portions of distilled water. Slurry with 750-ml distilled water and store 
in a stoppered bottle. 

In most of the modifications of the original procedure (Smith et al., 
1957), either the coppcr-lime precipitation procedure or the ion-excl1ange 
column is used to decrease the tissue blank. The modifications used with 
various crops are shown in Table II. 

TABLE II 
SUMMAR1' OF BLANKS AND RECOVERIES OF DALAPON 

ADDED TO VARIOUS AGRICULTURAL COMMODITIE~ 

I 
Range 

Used Results A~erage recovery 
Method ion blank recovery determined 

Crop eu-Lime exchange (range) p.p.m. p.p.m. 

Alfalfa hay Yes No 1-4 83% 0.4-120 
Animal fat No Yes 0.3-1.3 92% 0.5-5 
Animal muscle No Yes 0.7-1.5 80% ]-10 

Applel'l No No <I >80% 0.5--5 
Cottonseed No No 1-4 83% 5-20 
~filk No No O. Ol--{). 0.1 99% 0.1-1.5 
Oranges Yes No 0.1--{).3 88% O.2-5.f) 
Pineapple No No 0.5 91% 0.5-5 
Peas Yes No 1-3 90% 0.1-12 
Potatoes No No 0.5-1.0 93% 0.5-10 
Sugar cane (juice) Yes No O.O3--{).O4 77% 0.1-1.0 
Sugar beets No Yes O.02--{).1 90% 0.1-1.5 
Trefoil hay Yes No 2.0--4.5 88% 20-280 

REFEllENCES 

Friedemann, T. E., and Haugen, C. E. (1943). J. Biol. Chem. 147,415. 
Smith, C. N., Getzendaner, M. E., and Kutschinski, A. H. (1957). J. Agr. Food 

Chern. 5, 675. 
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DEF 
D. MACDOUGALL 

(CH,CH,CH,CH,S),P=O 

5,5,5-Tributyl phosphorotrilhioate 

I. GENERAL 

A. EMPffiICAL FORMULA 

C"H"OS.,P (Mol. wt. 314.5) . 
• 

B. ALTERNATIVE NAMES 

B-1776. The name DEF is the trademark of the Chemagro Corpora-
tion. 

C. SOURCE OF ANALYTICAL STANDARD 

Chemagro Corporation, Box 4913, Hawthorn Road, Kansas City 20, 
Missouri. 

D. BIOLOGICAL PROPERTIES 

DEF is a very effective defoliant for cotton. After an application of 
DEF at the rate of 1 to 2 lb of the active ingredient per acre, 90 to 95% 
defoliation is usually obtained in 5 to 7 days. The conditions which 
appear to favor defoliation are: (a) nearly depleted nutrient and moisture 
supply, (b) warm temperatures ranging between 60° and gO°F, (c) 
adequate moisture in the air, (d) application of the chemical when 
the plants are physiologically mature and the leaves are ready to 
absciss, and (e) complete spray coverage. DEF has also been found to 
be effective for the defoliation of some ornamentals such as roses. 

The acute oral LD" of DEF active ingredient is 325 mg/kg to 
female rats. The acutc dermal LD." of DEF to rats is in the vicinity of 
I,OOO mg/kg. Rats exposed to air concentrations of DEF of up to 3,804 
)'g/liter did not die after an exposure period of 60 minutes. 

E. H,STORY 

p. DEF is a defoliant developed by the Ethyl Corporation and the 
,ttsburgh Coke and Chemical Company. It is manufactured by Chem-

89 
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agro Corporation and sold under licenses from the Pittsburgh Coke and 
Chemical Company and the Phillips Petroleum Company. The method 
for defoliation, employing DEF as the principle active ingredient, is 
described and protected by U. S. Patents 2,841,486 and~,965,467. A 
process for preparing DEF active ingredient is protected by U. S. 
Patent 2,943,lO7. 

F. PHYSICAL PROPERTIES 

Colorless to pale yellow liquid. 
Melting point; less than -25°C. 
Boiling point; 150a C at 0.3 mm pressure. 
Specific gravity; 1.057 at 20°C. 
Solubility; DEF is soluble in aliphatic, aromatic, and chlorinated 

hydrocarbon solvents as well as in alcohols. 

G. CHEMICAL PROPERTIES 

1. METHOD OF SYNTHESIS 

DEF is prepared by reacting phosphorus trichloride with butyl 
mercaptan to form S,S,S-tributyl phosphorotrithioite. This product is 
then oxidized to phosphorotrithioate. The chemical reactIons involved are 
shown below. 

PCb + 3C.H,sH ~ (C,H,Sl,P + 3HCl 

(C4HtS)aP + oxygen (air) -+ (C.jH~)3PO 
DEF 

2. CHEMICAL REACTIONS 

DEF is relatively stable to both acids and heat. It hydrolyzes s~wly 
under alkaline conditions. 

H. FORMULATIONS 

DEF is marketed as a spray concentrate formulation containing 6 lb 
of active ingredient per gallon, or as a dust containing 7.5% oLthe active 
ingredient. 

II. ANALYSIS 

A. FORMULATION ANALYSIS 

1. REVIEW OF METHODS 

The most satisfactory method for the analysis of DEF formulations 
is by means of infrared absorption. The DEF determination is based 
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on the absorption due to the P=O group at 8.33 ". For the analysis 
of spray concentrate formulations, the emulsifying agents must be re­
moved since they interfere with the infrared absorption pattern. This is 
accomplished by passing the formulation through a column of acid­
washed alumina. The DEF is eluted from the column with carbon tetra­
chloride. For the analysis of 7.5% dusts, an extraction is carried out in 
the Bailey-Walker extractor with carbon tetrachloride for 16 hours. 
Alter the extraction or clean-up, the final infrared spectrophotometric 
determination is the same for both formulations. 

2. RECOMMENDED METHOD 

a. Principle 

The method is based on the absorbance of the P=O group at 8.33 ". 

b. Reagents 

tion. 

Alumina. Acid-washed, standardized as described below. 
Carbon tetrachloride, Reagent Grade. 
DEF. Analytical standard, obtained from Chemagro Corporation. 
DEF. Spray concentrate standard, obtained from Chemagro Corpora-

c. Apparatus 

Bailey-Walker extractors. 
Chromatography tube. 20-mm diameter X 2oo-mm length, fitted 

with a coarse sintered-glass disk. 
Infrared spectrophotometer. 
Water bath, thermostated to 25°C. 

d. Experimental Procedure 

i. Sample Preparation. 

For the analysis of DEF spray concentrate, it is necessary to pre­
pare a column of acid-washed alumina. For this purpose weigh out 10 
gm of acid-washed alumina. Pour this into a chromatography column 
which has been previously filled one-quarter to one-half full with carbon 
tetrachloride. Allow the alumina to settle and the excess carbon tetra­
chloride to drain through the column. When the level of the carbon 
tetrachloride drops to within a few millimeters of the surface of the 
alumina, discard the carbon tetrachloride and place a lOO-ml volumetric 
flask under the column. Pipette 5 ml of the spray concentrate onto the 
top of the alumina, being careful not to disturb the surface. Record the 
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temperature of the sample in degrees centigrade. After the level of the 
liquid has dropped to the surface of the alumina. elute three times with 
successive 30-ml portions of carbon tetrachloride. Place the volumetric 
flask. containing the eluent, in a water bath at 2SoC f~ IS minutes. 
Dilute to volume with carbon tetrachloride at 25°C. Mix thoroughly. 

For the analysis of 7.5% DEF dusts, extract 10 gm of the dust in the 
Bailey-Walker extractor with 40 to 45 ml of carbon tetrachloride for 16 
hours. Transfer the extract to a 50-ml glass-stoppered volumetric flask. 
Rinse with S ml of carbon tetrachloride. Place the flask in a water bath 
at 2SoC for IS minutes and dilute to volume with carbon tetrachloride at 
25°C. Mix thoroughly. 

The directions given for the infrared absorbance measurement of 
DEF solutions apply to the Perkin-Elmer Model 21 infrared spectro­
photometer. Fill a 0.15-mm sodium chloride infrared absorption cell with 
the carbon tetrachloride solution containing DEF. Place this in the sample 
beam. Fill a variable-path length infrared absorption cell with carbon 
tetrachloride. Set this cell to the same thickness as the cell in the sample 
beam and place it in the reference beam. Set the slit width to 17S", the 
response to 1, auto suppression to O. Adjust the gain t6 its optimum 
setting at 8.33". Close the shutter slowly and accurately set the pen to 
the 0 transmission line. At 8.0 ", adjust the 100% adjustinent to give be­
tween 95% and 100% transmission. Run the spectrum from 7.9 to 8.9" in 
about 1.5 minutes. Draw a base line between the minima at 8.0 and 
8.8 ". Measure the height of the 8.33" peak above this base line in 
absorbance units. Let this value = Asample. 

In analyzing spray concentrate formulations, re-fun the determina­
tion using the standard DEF spray concentrate formulation obtained 
from the Chemagro Corporation. The concentration of DEF in the un­
known is calculated from comparison with a standard spray concentrate. 

In analyzing the DEF dust formulations, weigh out two 0.3!J..gm 
samples of the analytical standard DEF. Place these in 10-ml volumetric 
flasks. Dilute to volume with carbon tetrachloride at 25°C. Mix thqr­
oughly. Determine the infrared absorbance on these solutions as in­
structed above. Determine the concentration of DEF in the unknown by 
comparison with the absorbance of the standard. 

ii. Calculations. 

Let A,,, = absorbance of the standard spray concentrate or the 
standard DEF depending upon whether spray concentrate or dust is 
bein~ analyzed. 

Calculate K value as shown below: 
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K = ( A,td. No.1 + A,M. No.2 )/2 
Wt. Std. No.1 Wt. Std. No.2 

01 DEF . I A .. mpl • X 100 
10 m samp e = K X "'t f I tv • 0 samp e 
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d j'DEI'/ II t 20 0 e _ (A, .. nplo X 1669)[1.000 + D(T - 20)] poun so' i ga on a - K 

where D = coefficient of cubical expansion = 0.0013 
T = temperature at which original samples were measured, degrees e 

3. DISCUSSION OF METHOD 

The infrared spectrophotometric procedure will be interfered with 
by any other compound which contains a P 0 group or other groups 
which absorb at 8,33 ,u, However, practical experience in analyzing DEF 
over a period of several years has shown that problems of this sort are 
minimal. The standard deviation of the method is slightly more than 1% 
of the measured value. 

A method of residue analysis for DEF is now under study, 
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2,4-Dichlorophenoxyacetic Acid 
R. P. MARQUARDT, H. P. BURCHFIELD, E. E. STORRS, 

AND ARTIIUR BEVENUE 1 

H 

CJ~O-C-COOH 
~~ 

Cl 

I. CENERAL 

A. EMPIRICAL FORMULA 

C,H,,03CI, (Mol. wt. 221.04). 

B. ALTERNATE NAME 

2,4.D acid. 

C. SOURCE OF ANALYTICAL STANDARD 

Bioproducts Center, The Dow Chemical Company, Midland, 
Michigan. 

D. BIOLOGICAL PROPERTIES 

2,4-Dichlorophenoxyacetic acid and related compounds have such 
outstanding and unusual herbicidal properties that they have become 
some of the leading synthetiC plant hormones. By selective action they 
are highly toxic to most broad-leaved plants and relatively nontoxic to 
monocotyledonous plants; thus they are frequently used as weed killers. 
These phenoxy acids are also important for such selective uses as the 
prevention of preharvest fruit drop, the production of seedless fruit, 
and the regulation of the growth of plants. 

E. HISTORY 

Shortly after Pokorny (1941) reported the preparation of 2,4·di· 
chlorophenoxyacetic acid, investigators in England and at the 

1 Sections I and I,A are by R. P . .l\'farquardt; U,B by H. P. Burchfield and 
E. E. Storr;;; and H,C by Arthur Bevenue. 
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Boyce Thompson Institute for Plant Research in the United States 
proved the growth-regulating properties of the aryloxyalkylcarboxylate 
series of compounds. In 1942, Zimmerman and Hitchcock first described 
the use of 2.4-dichlorophenoxyacetic acid as a plant gr""'th regulator. 
Many of the discoveries which resulted from the research on these com­
pounds during the war years were not published until after the War 
because of their military value. 

Since the war, the manufaclure of 2,4-dichlorophenoxyacetic acid 
and related compounds and their use as weed killers and plant growth 
regulators have grown tremendously. Other widely used members of 
tnis family of nerbicides are 2,4,5-trichlorophenoxyacetic acid (2,4,5-T 
acid), 2-( 2,4,5-trichlorophenoxy )propionic acid (Silvex), 2-methyl-4-
chlorophenoxyacetic acid (MCP acid), 4-chlorophenoxyacetic acid, and 
2,4-dichlorophenoxyethylsulfuric acid (Sesone). 2,4-Dichlorophenoxy­
acetic acid especially is a multimillion pound per year chemical in manu~ 
facture and use. The amine salts and esters are generally used to obtain 
desired solubilities and volatilities. 

F. PHYSICAL PROPERTIES 

Melting point: 138°C (Pokorny, 1941); 139-140°C (uncorr.) 
(Synerholm and Zimmerman, 1945); 140-14JOC (Zi~merman, 1943). 

Solubilities (grams of 2,4-D acid/100 g solvent' at 25°C). Data by 
Kaufman (1954): 

Water 
Ethanol 
Ethyl ether 
n-Heptane 
Toluene 
Xylene 

0.089 
129.9 
24.34 
0.111 
0.67 
0.58 

White, crystalline material, stable and nonhygroscopic. 

G. PREPARATION 

2,4-Dichlorophenoxyacetic acid is usually prepared by reactihg 
2,4-dichlorophenol and monochloroacetic acid in aqueous sodium 
hydroxide: 

CI-Q-OH + CICH,COOH + 2NaOH 

Cl 
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Cl-Q-0CH,COONa + NaCl + 2 11,0 

Cl 

The related compounds are prepared in a similar manner. 

II. RESIDUE ANALYSIS 

A. COLORIMETRIC ANALYSIS OF 2,4·D ACID AND RELATED COMPOUNDS 

1. REVIEW OF METHODS 
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A bioassay method involving the use of plants has been reported 
(Swanson, 1946). Two methods measuring the ultraviolet absorbancy 
of 2,4-dichlorophenoxyacetic acid and 2,4,5-trichlorophenoxyacetic acid 
have been used by Warshawsky and Schantz (1950) and by Gordon and 
Beroza (1952); however, these methods were not capable of detecting 
microgram quantities of the two acids. A sensitive colorimetric test for 
phenoxyacetic acids reported by Freed (1948) involves heating the 
phenoxyacetic acids with chromotropic acid (4,5-dihydroxy-2,7-naphtha­
lenedisulfonic acid) in concentrated sulfuric acid. A quantitative adapta­
tion of this test was used by Marquardt and Luce for determining 
2,4-dichlorophenoxyacetic acid in milk (1951) and in grain and seed 
( 1955); however, these two methods were limited to the determination 
of phcnoxyaectic acids (phcnoxypropionic acids do not give a color test 
with ehromotropic acid) and occasionally gave high blanks when inter­
fering materials were difficult to remove. Finally, a basic analytical 
scheme involving cleavage with pyridine hydrochloride of the ether 
linkage common to the phenoxy acids was developed by Marquardt and 
Luee (1961). 

Pyridine hydrochloride is an acidic onium salt, especially in the 
fused state. Prey (1941) showed that the molten compound cleaves 
the phenyl ethers. It was found that with the same conditions pyridine 
hydrochloride cleaves the phenoxy acids. The phenol derivatives liber­
ated by the cleavage are determined calorimetrically as measures of the 
original phenoxy acids. 

2. DETERMINATION OF 2,4-DICHLOROPHENOXYACETIC AClD IN 

SUGAR CANE JUICE 

a. Principle 

The 2,4-D acid is extracted from a sample of sugar cane juice with 
chloroform. After suitable clean-up, cleavage of the ether linkage in 2,4-
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dichlorophenoxyacetic acid with pyridine hydrochloride produces 2,4-
dichlorophenol, which is determined colorimetrically as a measure of the 
original compound. 

b. Reagents 

Filter-aid. Hyflo Super-Cel, a Celite product, diatomaceous silica 
(Johns-Manville Co.). 

Phosphotnngstic acid solution. Dissolve 200 gm of phosphotungstic 
acid (approximately P,O,' 24WO" . xH,O) in water and dilute the 
solution to 500 m!. Disregard any insoluble material in the solution. 

Hydrochloric acid, concentrated. 
Hydrochloric acid, dilute. Dilute 60 ml of concentrated hydrochlo-

ric acid to 1 liter with water. 
Chloroform, redistilled. Center 90% cut of technical grade chloroform. 
Pyridine hydrochloride, practical grade. 
Ammonium hydroxide, approximately 1 N. Dilute 70 ml of concen­

trated ammonium hydroxide (28%) to 1 liter with water. 
Skellysolve F. A 35' to 6O'C petroleum fraction (Skeliy Oil Co.). 
Ammonium hydroxide, approximately 0.05 N. Dilute 50 ml of 1 N 

ammonium hydroxide to 1 liter with water. 
Buffer solution. Dissolve 300 gm of dibasic pota!;sium hydroxide in 

water and dilute the solution to 1 liter. This solution should have a pH 
of 9.1 ± 0.1 (check with a pH meter). If necessary, adjust the pH by 
add;ng a small amount of monobas;c potass;um phosphate or tr;basjc 
potassium phosphate. 

4-Aminoantipyrine, 1.0% solution. Dissolve 1.00 gm of 4-aminoanti­
pyrine in water and dilute the solution to 100 m], Store the reagent in an 
amber bottle in a dark place. Make a fresh solution weekly. 

Potassium ferricyanide, 2.0% solution. Dissolve 2.00 gm of potassium 
ferricyanide in water and dilute the solution to 100 m], Store the reagent 
in an amber hottle in a dark place. Make a fresh solution weekly. 

2,4-Dichlorophenoxyacetic acid (2,4-D acid), commercial product 
assaying 99"'%. 

Methanol, A.C.S. grade. 

c. Apparatus 

EVaporative concentrator, Kuderna-Danish, with 500-ml upper flask 
and 25-ml lower flask (Fig. 1). 

Peanut oil bath. Regulated to a temperature range of 207' to 210'C, 
Wire holder. For suspending the 25-ml flask of the Kuderna-Danish 

evaporative concentrator in the peanut oil bath. 
Steam distillation apparatus (Fig. 2). 
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1 
3" Vigreux-type column 

1 
Grou(ld~glass J 24/24 joint 

500-MI Erlenmeyer flask 

Coil spring G(oUrld~qJoss f 19/38 joinl 

25-MI rOUrld~bottom glass ftosk 

FIG. 1. Kuderna-Danish evaporative concentrator. 

2-Liter flot­
bottom flask 

J 12/5 

2-Liter rourld­
bottom flosk 

1"18/9 
Spherlcol 
JOint 

FIG. 2. Steam di.stillation apparatus. 
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. ColertUln spectrophotometer. Model 14, equipped with 4-cm absorp­
han cells. Any photometer measuring light transmittance at 515 mp' 

should he SUitable. 
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d. Experimental Procedure 

i. Sample Preparation and Procedure. 

Weigh 150 gm of sugar cane juice in a 250-ml beaker. ~d 5.0 gm 
of filter-aid, 10 ml of phosphotungstic acid, and 10 ml of conc. He!. 
Stir the mixture in the beaker occasionally for 15 minutes. 

Filter the solids on a 7-cm Buchner funnel and wash with three 
25-ml portions of dilute He!. Discard the solids. Pour the combined 
solution of filtrate and washings into a 500-ml separatory funnel. 

Place a few bOiling chips in the Kuderna-Danish evaporative con­
centrator. Extract the 2,4-D acid from the solution with three 50-ml 
portions of chloroform. Combine the extract solutions in the concentrator 
and attach the Vigreux column. 

Using a steam bath, evaporate the chloroform. When the liquid 
level is in the 25-ml flask of the concentrator, remove the Vigreux column 
and continue the evaporation. After all of the chloroform has evaporated, 
blow a gentle stream of air in the concentrator for 1 minute. 

Disconnect the 25-ml flask from the concentrator and add 10 gm of 
pyridine hydrochloride to the residue. Using the wire holder, suspend 
the flask with contents in a peanut oil bath kept at a t~mperature of 
207-210'C. After 10 minutes, swirl the contents of the flhsk to make a 
homogeneous solution and then keep the flask suspended in the oil bath 
for an additional 50 minutes. Cool the flask and contents to room 
temperature. 

Dissolve the pyridine hydrochloride by fllling the flask with water 
from a 150-ml portion of water. Add the aqueous solution to 150 ml of 
water and 10 ml of conc. Hel in the 2-liter round-bottomed flask of .the 
steam distillation apparatus. Wash the 25-ml flask with the remainder of 
the 150-ml portion of water, adding the washings to the solution in the 
2-liter flask. Steam-distill 500 ml of distillate into a I-liter Erlenmeyer 
flask containing 25 ml of 1 N NH,OH. 

Pour the distillate into a I-liter separatory funnel and wash it three 
times with 50-ml portions of Skellysolve. Discard the washings. 

Acidify the washed distillate with 5 ml of conc. HC!. Extract the 
2,4-dichlorophenol with three 50-ml portions of Skellysolve and combine 
the extract solutions in a 250-ml separatory funnel. Wash the solution 
with three 25-ml portions of water and discard the washings. 

Extract the 2,4-dichlorophenol from the washed SkeIIysolve solu­
tion with one 10.0-ml and two 5.0-ml portions of 0.05 N NH,OH and 
combine the extract solutions in a 5O-ml volumetric flask. Add 20.0 ml 
of buffer solution (pH 9.1) and 1.0 ml of 1.0% 4-aminoantipyrine solu­
tion and mix well. Add l.0 ml of 2.0% potassium ferricyanide solution and 
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ain mix well. After 1 minute, dilute to volume with water and mix well. 
~7ll a 4-cm absorption cell with the solution. Three minutes after the 
addition of the potassium ferricyanide, determine the absorbance with a 
spectrophotometer at 515 m!" using water as a reference liquid. 

Determine the micrograms of 2,4-D acid represented by the absorb­
ance by referring to the standard calibration curve. Subtract any apparent 
2,4-D acid found in the control sugar Cane juice and correct for the 
per cent recovery of 2,4-D acid obtained from the juice. 

Calculate parts per million of 2,4-D acid, as hased on the weight of 
the juice sample: 

f 24-D 'd ~ micrograms in sample p.p.m. 0, aCI 150 

ii. Preparation of Standard Calibration Curve. 

Prepare standard solution I as follows: Dissolve 0.100 gm of 2,4-D 
acid in ahout 50 ml of methanol and dilute the solution with methanol 
to 1 liter. Concentration: 100 ",g of 2,4-D acid per milliliter. 

Prepare standard solution II by diluting 15.0 ml of standard solution 
I to 200 ml with methanol. Concentration: 7.51'g of 2,4-D acid per milliliter. 

Prepare standard solution III by diluting 30 ml of standard solution 
I to 200 ml with methanol. Concentration: 15 ",g of 2,4-D acid per 
milliliter. 

Pipette 0, 1.0, 2.0, 5.0, 10.0, 15.0, and 20.0 ml of standard solution II 
and 15.0 and 20.0 ml of standard solution III into respective 25-ml 
flasks of the Kuderna-Danish evaporative concentrator. Proceed with the 
known amount of 2,4-D acid in each flask as follows: 

Add a few boiling chips and assemble the evaporative concen­
trator. Using a steam bath, evaporate the methanol. After all of the 
methanol has evaporated, blow a gentle stream of air in the concentrator 
for 1 minute. 

Disconnect the 25-ml flask from the concentrator and add 10 gm of 
pyridine hydrochloride. Continue the deterrnination as described in 
the procedure. 

Prepare a standard calibration curve by plotting the data on graph 
paper. Beer's law is followed over the range from a to 300 I'g of 
2,4-D acid. 

iii. Recovery. 

Prepare standard solution A as follows: Dissolve 0.100 gm of 2,4-D 
acid in 25 ml of 1 N NH,OH and dilute the solution with water to 1 liter. 
Concentration: 100 I'g of 2,4-D acid per milliliter. 
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Prepare standard solution B by diluting 15.0 ml of standard solution 
A with water to 200 m!. Concentration: 7.5 I'g of 2,4-0 acid per milliliter. 

Prepare standard solution C by diluting 30.0 ml of standard solution 
A with water to 200 m!. Concentration: 15.0 I'g of 2,4-0 acid ~r milliliter. 

Weigh 150 gm of non treated sugar cane juice in a 25O-ml beaker. 
Using standard solution B or C, add a known amount of 2,4-0 acid in 
the same range as for the standard calibration curve. 

Continue the determination as directed in the procedure .. 
Determine the micrograms of 2,4-0 acid represented hy the ab­

sorbance reading by referring to the standard calibration curve and 
subtract any apparent 2,4-0 acid content found in the control jUice. 
Calculate the per cent recovery obtained. 

Recovery data obtained from known amounts of 2,4-0 acid added 
to non treated sugar cane juice are shown in Table I. Analysis of the 
nontreated juice itself showed nO apparent 2,4-0 acid content. 

TABLE I 
RECOVERY 01<' 2,4-D ACID FROM SUG.\R CANE .J-UICE 

Added, p.p.In. Found, p.p.m. Recovery, % 

0.050 0.0450 
I 90 

0.050 0.0425 85 
0.10 0.100 100 
0.10 0.100 100 
0.25 0.220 88 
0.25 0.222 89 
0.50 0.460 . 92 
0.50 0.460 92 
0.75 0.692 92 
0.75 0.702 94 
1.00 0.919 92 
1.00 0.914 91 
1.00 0.943 94 
1.50 1 .485 99 
1.50 1.354 90 
2.00 1.984 99 
2.00 1.907 95 

3. DETERMINATION OF PROPYLENE GLYCOL BUTYL ETHER ESTER OF 

2- (2,4,5-nuCHLOROPHENO::X:Y ) PROPIONIC ACID IN 

SUGAR CANE JUICE 

a. Principle 

The propylene glycol butyl ether ester of 2-(2,4,s..trichlorophenoxy)­
propionic acid 2 is extracted from a sample of sugar cane juice with carbon 

2 The commercial product is the active ingredient in Kuron (registered trade­
mark of the Dow Chemical Co.) herbicide formulations. 
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tetrachloride. After suitable clean-up, cleavage of the ether linkage in the 
ester with pyridine hydrochloride produces 2,4,5-trichlorophenol, which 
is detennined colorimetrically as a measure of the original compound. 

b. Reagents 
The following reagents are in addition to, or supplant reagents 

already listed: 
Methanol, dilute. Mix equal volumes of methanol and water. 
Carbon tetrachloride, redistilled. Center 90% cut of technical grade 

carbon tetrachloride. 
Buffer solution. Dissolve 200.0 gm of dibasic potassium phosphate 

and 20.0 gm of monobasic potassium phosphate in water and dilute the 
solution to 1 liter. This solution should have a pH of 7.8 ± 0.1 (check 
with a pH meter). If necessary, adjust the pH by adding a small amount 
of dibasic potassium phosphate or monobasic potassium phosphate. 

4-Aminoantipyrine, 0.3% solution. Dissolve 0.30 gm of 4-aminoanti­
pyrine in water and dilute the solution to 100 m!. Store the reagent in an 
amber bottle in a dark place. Make a fresh solution weekly. 

Potassium ferricyanide, 1.0% solution. Dissolve 1.0 gm of potassium 
ferricyanide in water and dilute the solution to 100 m!. Store the reagent 
in an amber bottle in a dark place. Make a fresh solution weekly. 

Propylene glycol butyl ether ester of 2-(2,4,5-trichlorophenoxy)pro­
pionic acid. May be obtained from Bioproducts Center, The Dow 
Chemical Company, Midland, Michigan. 

c. Apparatu, 

Same as already listed. 

d. Experimental Procedure 

i. Sample Preparation and Procedure. 

Weigh 150 gm of sugar cane juice in a 400-ml beaker. Add 150 ml 
of methanol, 10 gm of filter-aid, and 10 ml of phosphotungstic acid 
solution. Stir the mixture in the beaker occasionally for 30 minutes. 

Filter the solids on a 7-cm Biichner funnel and wash with three 25-
ml portions of dilute methanol. Discard the solids. Pour the combined 
solution of filtrate and washings into a I-liter separatory funnel. Add 
150 ml of water and 10 ml of conc. HCl hydrochloric acid to the solution. 

Place a few boiling chips in the Kudema-Danish evaporative con­
centrator. Extract the propylene glycol butyl ether ester of 2-(2,4,5-tri­
chlorophenoxy) propionic acid from the solution in the separatory funnel 
with three 50-ml portions of carbon tetrachloride. Combine the extract 
solutions in the concentrator and attach the Vigreux column. 
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Continue the determination as in the procedure for 2,4-D acid until 
ready to add the buffer solution. 

Pipette 20.0 ml of buffer solution (pH 7.8) and 1.0 ml of 0.3% 4-
aminoantipyrine solution into the I50-ml volumetric flask4md mix the 
solution well. Add 1.0 ml of 1% potassium ferricyanide solution and 
again mix well. After I minute, dilute to volume with water and mix well. 
Fill a 4-cm absorption cell with the solution. Three minutes after the 
addition of the potassium ferricyanide, determine the absorbance with a 
spectrophotometer at 505 m!', using water as a reference liquid. 

Determine the micrograms of propylene glycol butyl ether ester of 
2-(2,4,5-trichlorophcnoxy)propionic acid represented by the absorbance 
reading by referring to a standard calibration curve. Subtract any ap­
parent ester found in the sugar cane juice and correct for the percent 
recovery of the ester obtained from the juice. Calculate parts per million, 
as based on the weight of the juice sample. 

ii. Preparation of Standard Calibration Curve. 

Prepare standard solutions of propylene glycol butyl ether ester of 
2- (2,4,5-trichlorophenoxy ) propionic acid with methanol ill the same way 
as described for 2,4-D acid. ;' 

Obtain the absorption data on known amounts of the ester in the same 
manner as described for 2,4-D acid but using the procedure for the ester. 

Prepare a standard calibration curve by plotting the data on graph 
paper. Beer's law is followed in the range from 0 to 300 !,g of the pro­
pylene glycol butyl ether ester of 2-(Z,4,5-trichlorophenoxy ) propionic 
acid. 

111. Recovery of Propylene Glycol Butyl Ether Ester of 2- (2,4,5-
Trichlorophenoxy)propionic Acid Added to Sugar Cane JuIce. 

Weigh 150 gm of sugar cane juice in a 400-ml beaker. Using the 
standard methanol solutions already prepared, add a known amount of 
propylene glycol butyl ether ester of 2- (2,4,5-trichlorophenoxy )pro­
pionic acid in the same range as for the standard calibration curve. 

Continue with the determination as described in the procedure for 
the ester. 

Calculate the percent recovery in the same manner as with 2,4-D 
acid in sugar cane juice. 

Recovery data obtained by the authors are shown in Table II. Analy­
sis of nontreated juice showed an apparent ester content of 0.028 p.p.m. 
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TABLE II 
RECOVERY OF PROPYLENE GLYCOL BUTYL ETHER ESTER OF 

2-(2,4,5-TIUCHLOROPUENOXY)PROPlONIC ACID FROM SUGAR CANE JUICE 

Added, p.p.m. 'Found, p.p.m. Recovery, % 

0.050 0.033 66 
0.050 0.047 94 
0.10 0.087 87 
0.10 0.082 82 
0.25 0.224 90 
0.25 0.247 99 
0.50 0.461 92 
0.50 0.492 98 
0.75 0.651 87 
0.75 0.618 82 
1.00 0.839 8·1 
1.00 0.879 88 
1.50 1.320 88 
1.50 1.356 90 
2.00 1.834 92 
2.00 1. 8."l~ ')2 

4. APPLICABILITY OF THE BASIC ANALYTICAL PROCEDURE TO 

DIFFERENT AGRICULTURAL PRODUCTS 

105 

The basic analytical scheme, in which the respective phenols pro­
duced by cleavage of the phenoxy acids with pyridine hydrochloride are 
determined calorimetrically as measures of the original herbicides, is 
generally applicable to all types of agricultural materials. Extraction and 
clean-up procedures will have to be modified, of course, and colorimetric 
or other methods adapted for the phenols involved. 

5. DISCUSSION 

Chloroform is used in the procedure for 2,4-dichlorophenoxyacetic 
acid because carbon tetrachloride, employed in the same manner, does 
not extract this acid quantitatively. 

Carbon tetrachloride is used in the procedure for propylene glycol 
butyl ether ester of 2-(2,4,5-trichlorophenoxy)propionic acid because it 
quantitatively extracts 2-(2,4,5-trichlorophenoxy)propionic acid yet ex­
tracts less of other materials along with it. However, chloroform can be 
used if on occasion it should be the preferred solvent. 

Since pyridine hydrochloride is very hygroscopic, do not expose it 
to the air more than necessary. However, avoid desiccating the com-
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pound, for the small amount of water already present appears to promote 
proper cleavage of the phenoxy acids. 

B. GAS CHROMATOGRAPHIC ANALYSIS OF 2,4-D IN Mll..K 
USING INTERNAL STANDARDS 

1. RECOMMENDED METIIOD 

a. Principle 

In this method (Storrs and Burchfield, 1961) milk is acidified and 
hydrolyzed enzymatically with pepsin to degrade the proteins. The 2,4-D 
and lipoidal materials are then removed by liquid-liquid extraction with 
diethyl ether. The 2,4-0 is separated from the lipids by partition between 
hexane and acetonitrile; the 2,4-0 appears in the acetonitrile phase. The 
solvent is evaporated, and the residue is methylated with BF,-methanol 
(Metcalfe and Schmitz, 1961) or diazomethane. 

The residue obtained after methylation is then injected into a gas 
chromatograph eqUipped with a 6-foot silicone column operated at 201 'C. 
The methyl ester is eluted in about 6 minutes. Known amounts of 4-
chlorophenoxyacetic acid and 2-chloro-4-bromophenoxyacetic acid are 
I'dded to the milk immediately before extraction to serve as internal 
standards (Storrs and Burchfield, 1962). This permits calculation of the 
amount of 2,4-0 in the milk from peak-area ratios, even though all of 
the steps in preparing the sample for chromatography are not quantita­
tive. The background from milk constituents, which are not completely 
removed during the clean-up step, is substantially eliminated by using 
a microcoulometric detector which is selectively sensitive to halogen 
(Coulson et al., 1960) (see also Volume I, Chapter 9). 

b. Reagents 

4-Chlorophenoxyacetic acid used as an internal standard can be 
obtained from Eastman. 2-Chloro-4-bromophenoxyacetic acid is synthe­
sized from 4-bromophenoxyacetic acid by chlorination with sodium hy­
pochlorite using the general method of Hopkins and Chisholm (1946). 
BF3-methanol reagent (Applied Science Laboratories, Inc.) is used to 
esterify the acids. Pepsin N.F. Powder (Merck and Co.) is used to hy­
drolyze the milk prior to extraction. The magnesium sulfate used to dry 
the ether extracts is washed with an ether solution of p_toluenesulfomc 

acid and then with dry ether until neutral. It is dried and stored in a 
tightly capped bottle until used. 
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c. Apparatus 
Milk is hydrolyzed in I-liter Erlenmeyer flasks on a Gyrotary shaker 

(N w Brunswick Scientific Co.). All-glass liquid-liquid extractors equip­
e; with individual Glas-Col heaters and powerstats are used for the 

~xtraction of milk. Five hundred-milliliter separatory funnels are used 
for partition of extracts between hexane and acetonitrile, and 200-ml 
Erlenmeyer flasks for evaporation of the solvents and for methylation of 
acids. Extractions of the esterified residues are carried out in 300-ml 
separatory funnels, and 200-ml Erlenmeyer fiasks are then used for drying 
the ether extracts and evaporation of the solvent. A small tube drawn 
to ,1 closed capillary tip is used for the final evaporation of the solvent 
and concentration of the residue. 

A gas chromatograph equipped with a microcoulometric titration 
cell for the detection of halides (Dohrmann Instrument Co., Model 
G-lOO) is used for the separation and quantitative analysis of the esters 
of 2,4-D and the internal standards. 

d. Experimental Procedure 

i. Sample Preparation. 

A sample of milk (350 ml) which has been frozen and then warmed 
to room temperature is placed in a I-liter Erlenmeyer flask. 2-Chloro-4-
bromophenoxyacetic acid (70 I'g) and 4-chlorophenoxyacetic acid (35 
Mg) are added as internal standards. Concentrated HCI (4.5 ml) is added 
wl'ile swirling the flask, followed by 2 gm of pepsin. The flask is swirled 
until all of the pepsin dissolves. The mouth is then covered with a film 
of plastic such as Saran wrap, and the flask is placed on a rotary shaker 
adjusted to a slow speed for 15 hours at 40°C. After digestion is com­
plete anhydrous sodium sulfate (50 gm) is added, and the sample is 
boiled for 2 minutes and cooled to room temperahlre. It is then extracted 
with diethyl ether in a liquid-liquid extractor for 20 hours. At the end of 
the extraction period, the ether layer is dried over magnesium sulfate 
(10-15 gm). The ether extract is then filtered through Whatman No.2 
flIter paper and the solvent evaporated under a stream of clean, dry 
nItrogen with the flask warmed over a water bath at 65"C. The residue 
is taken up in four 25-ml portions of hexane and added to a 5OO-ml 
separatory funnel. The flask is then rinsed with four 25-ml portions of 
acetonitrile which is also added to the funnel. The milk extract is par­
titioned between the two layers by shaking vigorously. When the phases 
separate, the hexane is drawn off with an aspirator. The acetonitrile 
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solution is extracted with three 50-ml portions of hexane, and the upper 
layers are drawn off and discarded. The acetonitrile layer is shaken 
vigorously with a fourth portion of hexane (50 ml), and the lower layer 
transferred quantitatively to a 200-ml Erlenmeyer flask. 'J.'tJe acetonitrile 
is evaporated slowly to complete dryness under a gentle stream of 
clean, dry nitrogen while warming the flask in a water bath at 85 to 
90°C. 

The flask is cooled to room temperature and a small amount of 
acetonitrile (1-2 ml) is added. The flask is swirled to dissolve the 
residue, diethyl ether (10 ml) is added and the solution filtered thrOUgh 
Whatman No.2 fllter paper into a 125-ml Erlenmeyer flask. The flask 
is rinsed with three 25-ml portions of ether, and the combined filtrate 
and washings are evaporated in a water bath at 85 to 90°C. 

The residue is methylated by adding the BF,-methanol reagent 
(5 ml) and boiling for 4 minutes on a steam bath. The reaction mixture 
is quenched with distilled water (100 ml) and extracted with two suc­
cessive portions of diethyl ether (100 ml, then 40 ml) in a separatory 
funnel. The ether extract is neutralized with NaHCO, and dried over 
magnesium sulfate. The dried extract is decanted quantitatively into 
another flask and evaporated slowly at room temper,ature to a small 
volume, then transferred quantitatively to a small tuJle with a capillary 
tip. The remaining ether is evaporated, and the residue (20-50 ~I) 
contained in the capillary tip is ready for injection into the chromatograph. 

ii. Chromatography. 

A Dohrmann Instruments Co. chromatograph with the injection 
block at a temperature of 230°C and the column at a temperature of 
201°C is used. The carrier gas is nitrogen with an inlet pressure of 20 
psig and the outlet at atmospheric pressure. A 6-ft X %-in. O.D. alumi­
num column packed with 20% Dow-Coming High Vacuum silicone grease 
on acid-washed Chromo sorb is used. 

Oxygen is introduced into the combustion ttl be to bum organic 
compounds to CO2 and H 20, while halogen-containing compounds are 
burned to CO" H,O, and HX. Some elemental halogen may be pro­
duced if insufficient hydrogen is present. Only one-half the detector re­
sponse is obtained from elemental halogen as from HX, since hypohalide 
as well as halide are produced when the halogen reacts with water. To 
prevent this as much as possible, the oxygen is bubbled through water 
or 0.5 M ammonium hydroxide prior to entering the combustion tube 
to add a source of hydrogen to the gas stream. 

A portion of the milk extract (5 to 20 "I) is injected into the chro­
matograph, and the effiuent from the column is allowed to vent into the 
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here for 1 minute to elute volatile components. The vent valve is 
atmOSP . h 
then closed and the sample passed through the comhustIOn tube. Met yl 
4_chlorophenoxyacetate is eluted first, followed by the methyl esters of 
24-D and 2_chloro-4-bromophenoxyacetate. If 2,4,5-trichlorophenoxy­
a~etic acid is present, the methyl ester is eluted after methyl 2-chloro-4-
bromophenoxyacetate. 

iii. Interferences 

, B C 

2-Chloro. 
4-8romo 

I '·co,., •. 
4-e'om~ 

4 -Chloro I 0 

2.~.D 
4r~IOfO 

J \ "- \_ 

• 4 o B 4 o , 
TIME IN MINUTES 

FIG. 3. Recovery of 2,4-D from milk using 4-chlorophcnoxyacetic acid and 
2-chIor0-4-bromophenoxyacetic acid as internal standards. A, milk background with­
out 2,4-D or standards. B, standards without 2,4-D added to milk. C, standards with 
2,4-D added to milk. 

The only interferences other than normal milk background (Fig. 3A) 
would be other halogen-containing compounds with the same retention 
volume as 2,4-D methyl ester. 

iv. Sensitivity. 

Using the procedure described above, as little as 0.01 p.p.m. of 
2,4-D can be determined on chromatographing y. to Ys of the residue 
remaining on extraction of 350 ml of milk. 

v. Recovery and Calculations. 

Recovery need not be quantitative when an internal standard is 
~dded to the sample before extraction (Burchfield and Storrs, 1962). 
--Chloro-4-bromophenoxyacetic acid and 4-chlorophenoxyacetic acid are 
SUltable standards for the analysis of 2,4-D, since the former compound 
emerges from the gas chromatograph just before 2,4-D and the latter 
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just after it. Moreover, these two compounds have chemical properties 
similar to those of 2,4-0 and behave in a parallel manner during extrac­
tion, clean-up, and esterification. Thus, when the internal standards are 
added to milk free of 2,4-0, and the sample is processed auf chroma to­
graphed, two peaks are obtained, oue for each standard (Fig. 3B). How­
ever, when 2,4-0 is present, a third peak appears (Fig. 3C). The amount 
of 2,4-D present jn the milk can be calculated from the ratio of tile 
area of this peak to that of eitller standard by the relation 

p = (AI Ao)poR, 

Where P is parts per million of 2,4-D, Po the parts per million of standard 
added to the milk, A the area of the 2,4-D peak, Ao the peak area of the 
standard, and R an empirical correction factor determined by adding a 
fixed amount of standard and various amounts of 2,4-0 to uncon­
taminated milk. Either standard can be used, but a separate value for 
R must be determined for each. 

The amount of 2,4-D in the milk can also be interpolated from a 
curve in which peak area ratios are plotted against micrograms of 2,4-D. 
The relationship obtained in the absence of milk is shown in Fig. 4. 

o 1.6 
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" ~ 1.2 

" " " ~0.8 
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I 

12 
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FIC. 4. Relation between micIogra.ms of 2,4-D and peak area ratio using 2-
chloro-4-bromophenoxyacetic acid as an internal standard in the absence of milk. 

A linear relation is also obtained when 2,4-D and standard are extracted 
from milk in tIle range of 0 to 140 j.lg of 2,4-D in 350 ml of milk (Fig. 5). 

The internal standard method is convenient, since it eliminates the 
need for quantitative r ecovery at each step and injection of the entire 
sample into the gas chromatograph. It also provides a safeguard against 
artifacts occurring during analysis, which might otherwise go undetected. 
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FIC. 5. Relation between micrograms of 2,4·D added to milk and peak area 
ratio using 70 Ilg of 2·chloro-4-bromophenoxyacetic acid per 350 ml of milk (0.2 
p.p.m.) as an internal standard. 

For example, analyses carried out on a series of putrified milk samples 
indicated that no 2,4-D was present. However, the standards could not 
be detected either, indicating that substances were present in the pum­
fled milk which bound compounds of the 2,4-D type and prevented 
their extraction. Without the standards, it would have been concluded, 
perhaps erroneously, that no 2,4-D was present. The use of internal 
standards also provides a convenient check on mechanical errors during 
routine analyses. If the peaks representing them are much smaller than 
usual, or are missing from the chromatogram entirely, it may be possible 
that manipulative errors were made. 

2. APPLICABILITY TO DIFFERENT FOOD CROPS 

This particular method was devised for the analysis of milk. How­
ever, there is no reason why it could Dot be a.pplied to other dairy prod­
ucts and crops, with appropriate changes in methods used for extraction. 
However, a separate calibration curve should be run for each food 
product in which a constant amount of standard and variable amounts of 
2,4-D are added and recovered. This involves no more work than demon­
strating recovery by conventional analytical techniques, since in this 
case also, the validity of the method must be established for each food 
product. 

3. DISCUSSION OF METHOD 

It seems probable that many of the difficulties encountered in 
pesticide residue analysis could be reduced by use of the internal stand-
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ard method coupled with gas chromatography. Ideally, the standard 
should have physicochemical properties identical to those of the pesti_ 
cide except for a difference in retention volume great enough to permit 
good peak resolution. -'l 

The following criteria are suggested in selecting a standard: (1) 
The molecular structure and physicochemical properties of the standard 
should approach those of the pesticide as closely as possible. (2) The 
retention volumes of the two compounds should be as close as possible 
while still permitting baseline resolution. (3) The experimentally deter­
mined value R should be as close to unity as possible. (4) The standard 
should not be a compound that is likely to be found as a major impurity 
in the pesticide. (5) The standard should not be another pesticide or 
have the same retention volume as known pesticides that might be 
carried through the analysis with it. 

4. MODIFlcATION OF METHODS 

Where laboratory safety is not a problem, the methyl esters can be 
obtained in higher yield and in a shorter time by substitution of diazo­
methane for BF3-methanol. The residue after the final evaporation is 
taken up in ether containing 10% methanol (3 ml) and methylated by 
passing diazomethane through the solution for 20 miniltes, as described 
in Burchfield and Storrs (1962). The solvent is eVaporated and the 
residue is ready for injection into the gas chromatograph. 

The amount of milk residue injected is quite large, so that the 
injection block becomes contaminated and the column overloaded with 
continued use. When the peaks become asymmetric, cleaning of the 
block and changing of the column is indicated. However, quantitative 
results, under otherwise unsatisfactory conditions, can be obtained when 
internal standards are used, since the ratios of peak areas remain 
constant even though their absolute magnitndes may vary from injection 
to injection. It is probable that column life could be prolonged by 
further clean-up of the milk extract by liquid-solid chromatography, but 
this has not been necessary in any of the work carried out to date. 

C. GAS CHROMATOGRAPHIC ANALYSIS OF 2,4-0 IN DRY CROPS 

1. RECOMMENDED METHOD 

a. Principle 

In this method (Bevenue <It al., 1962) crops of low moisture content 
are partially rehydrated with water followed by extraction with an 
acidified organic solvent mixtnre. After several base-acid extractions the 
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o 4-D is treated with diazomethane to convert it to its corresponding 
~ethyl ester. The methyl ester is determined with a microeoulometrie 
gas chromatograph by measuring the areas of the peaks, recorded on a 
strip chart recorder calculating by means of an equation derived from 
Coulomb's law. Because of the specificity of the microcoulometric detec­
tor, only halide components will be recorded on the chromatogram. 
The principle of gas chromatography and microcoulometric detection is 
described in Volume I, Chapter 9. 

b. Reagents 

Sulfuric acid solution, 10% (vlv). 
Ethyl alcohol, 95%. 
Ethyl ether. 
Petroleum ether, 30-60"C, redistilled. 
Benzene, redistilled. 
Sodium bicarbonate, 3% aqueous solution (w Iv). 
Solvent mixture A: 10 ml 10% sulfuric acid + 15 ml 95% ethyl alcohol 

+ 25 ml petroleum ether + 75 ml ethyl ether. 
Solvent mixture B: Ethyl ether-petroleum ether (30-60°C) v/v. 
Diazomethane. A 100-ml distilling flask is fitted with a dropping 

funnel and an efficient condenser set downward for distillation. The 
condenser is connected to two receiving flasks in series, the second of 
which contains 20-30 ml of ether. The inlet tube of the second receiver 
is dipped below the surface of the ether and both receivers are kept 
cooled in an ice bath. Add 5 gm of KOH to the distillation flask and 
dissolve in 8 ml of water. Add 25 ml of 95% ethyl alcohol to the KOH 
solution. Heat the flask containing the alkali solution to 65°C. Add 
through the dropping funnel over a period of about 25 minutes a solu­
tion of 7.0 gm of "Diazald" (N-methyl-N-nitroso-p-toluenesulfonamide, 
Aldrich Chemical Co., Milwaukee 10, Wis.) in about 130 ml of ethyl 
ether. The distillation rate should equal the rate of addition. When the 
dropping funnel is empty, slowly add 20 ml of ethyl ether and continue 
distillation until the condensate becomes colorless. 

c. Apparatus 

Dohrmann microco1llometer gas chromatograph, Model 100. Six­
foot, % inch a.D. aluminum or stainless steel spiral column containing 
20% Dow-ll silicone grease on acid-washed Chromosorb P. 

Wiley mill, equipped with a 2-mm screen. 
Shaker, gyrotory (New Brunswick Scientific Co., New Brunswick, 

N. J.). 
Buchler, batch model, evaporator. 
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d. Experimental Procedure 

i. Sample Preparation. .. 
Crop samples of low moisture content are ground in a Wiley mill to 

pass a 2-mm screen. l....eafy or grasslike materials of higher moisture 
content are macerated by hand or in a food chopper. The meal Or 
shredded material (25-50 gm) is transferred to a 500-ml Erlenmeyer flask 
25 ml of water are added and the contents mixed until ihe water i; 
dispersed throughout the sample material. Solvent mixture A (150 ml) is 
added and the flask is agitated on a mechanical shaker for 1 hour. Grass­
like materials will require 5 to 6-fold amounts of the solvent mixture A. 
Materials with high fat content may be preferentially mixed with the 
water and solvent mixture A in a Waring Blendor prior to the I-hour 
shaking period. 

The slurry is filtered through Whatroan No. 1 filter paper on a 
Buchner funnel and the residue is washed twice with 20 to 25 ml ali­
quots of solvent mixture B. The filtrate and washings are combined. The 
filtrate is transferred to a separatory funnel, 75 ml of bicarbonate solu­
tion are added and the contents are carefully mixed. Two additional 50-
ml amounts of bicarbonate solution are added, th" flask is shaken 
vigorously, and the two phases are allowed to separate completely. The 
aqueous lower layer is retained. This solution is washed twice with 
,50-ml aliquots of petroleum ether and the ether phase discarded. Any 
flocculent precipitate present in the water phase may be removed by 
filtration through a plug of glass wool. The bicarbonate solution is 
acidified with 10% H,SO, to ahout pH 3 and extracted with three 5O-ml 
aliquots of ethyl ether. The ether layer is concentrated in a flash 
evaporator to about 10 ml and transferred to a 25-ml conical type cen­
trifuge tube with benzene. One to two milliliters of diazomethane 
solution are added and the esterification is completed, usually within 
10 minutes, as judged hy the persistence of the yellow color due to excess 
diazomethane. The contents are transferred with henzene to a 6.5-ml 
calihrated hematocrit tuhe and, using a warm-air stream, the volume of 
the concentrate is reduced to a known amount (100-250 }'l). Suitable 
aliquots of the sample are injected into the gas chromatograph apparatus. 

ii. Chromatography. 

Optimum chromatographic conditions are an injection block temper­
ature of 250°C, column temperature :HO°C, combustion zone temperature 
825°C. and nitrogen and oxygen flow rates of 100 mllminute. 

The Dohrmann instrument is dC'signed so that the chromatographic 
eluents are combusted to CO" H,O, and halogen. A microcoulometer cell 
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nnected to the combustion zone will determine the amount of halogen 
C~esent by continuous automatic titration witl} internally generated silver 
P s A permanent record of the results are produced on a strip chart 
10D. 

recorder. 
Sample sizes for injection into the gas chromatograph will vary from 

10 pI to 50 1'1 (1-20 gm of original sample material) depending upon the 
amount of 2,4-D present in the sample. The amount of 2,4-D found in the 
sample is calculated by means of the following equation: 

l\1icrograms 2,4-D 
(Peak area) (Recorder sensitivity) (35.5 gm/eq.)(60 sec/min) 

X (1O')(lO-'V/mv)(lO') 
(Sensitivity range, ohms) (0/0 Cl in 2,4-D)(96,500 coulombs/eq.) 

Where the peak area is in square inches, 
If the recorder sensitivity and chart speed each are unity, the above 

equation can be reduced to 

(Area) (2210) 
micrograms 2,4-D = (Ohms)(32.10/0) 

For 1 to 5 I'g of the 2,4-D methyl ester, optimum sensitivity is 64 ohms. 

iii. Interferences. 

Interferences will be limited to the possible presence of naturally 
occurring halides or halogen-containing pesticide contaminants having 
the same retention times as 2,4-D methyl ester. 

iv. Sensitivity. 

The lower limit of detection is 0.1 p.p.m. and may be as low as 
0.0.5 p.p.m. if the background response is practically nil. 

v. Recovery. 

The average recovery from crop materials, such as lima beans, 
corn grain, corn and sorghum stovers, and walnuts will be about 80-85%. 
This can be determined by adding known amounts of 2,4-D to a plant 
material which is known to have no history of 2,4-D contamination. Gas 
chromatograph column efficiency for the methyl ester of 2,4-D was 
95-105%. 

2. D1SCUSSION 

With crops of low moisture content, it is important to rehydrate the 
sample material prior to extraction with the acidic organic solvent mi:\:~ 
hIre; otherwise, 2,4~D recoveries will be very poor. 
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o CH2-CH2 -CH3 
II / 

CH -CH -S-C-N 
3' " 

CH2-CH2 -CH3 

Ethyl di-n-propylthiolcarbamate 

I. GENERAL 

A. EMPIRICAL FORMULA 

C,H"ONS (Mol. wt. 189). 

B. ALTERNATIVE NAMES 

The Weed Society name is EPTC. Its former designation was 
Stauffer experimental compound R-160B. The name Eptam is the 
registered trademark of the Stauffer Chemical Company. 

C. SOURCE OF ANALYTICAL STANDARD 

Stauffer Chemical Company, Richmond Research Center, 1200 South 
47th Street, Richmond, California. 

D. BIOLOGICAL PROPERTIES 

Eptam is a selective herbicide highly effective against a number of 
annual grasses and broadleaf weed species. A literature abstract of crop 
tolerance and weed susceptibility was compiled by Antognini (1959). 
Most susceptible weed species are controlled at a dosage of 3 pounds 
active per acre; a dosage of 6 pounds per acre may be used where more 
resistant weeds are present \vith a tolerant crop such as control of nut­
grass (Cyperus spp.) in potatoes. Eptam is also effective in controlling 
certain perennial grasses such as Johnson grass (Sorghum halepense), 
Quack grass (Agropyron fcpeus), and Bermuda grass (Cynodon dae­
tylon), when the stems and rhizomes are thoroughly cut up and mixed 
in the soil with a disk or rotary tiller prior to treatment. 

Eptam must be incorporated into the soil immediately after appli-
117 
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cation for optimum results. The acute oral LD" for male albillO rats is 
1,630 mg/kg and the acute dermal LD" for albino rabbits is about 
10,000 mg/kg. 

E. HISTORY 

Eptam was originally synthesized and developed at the research 
laboratories of Stauffer Chemical Company (Tilles and J. Antognini, 
1959) . 

F. PHYSICAL PROPERTIES 

Boiling points: 
232°C (760 mm) 167°C (100 mm) 
12TC ( 20 mm) 112'C ( 10 mm) 

Solubility: Eptam is miscible with most organic solvents including 
hexane, benzene, xylene, and methyl alcohol. Its solubility in water is 
375 p.p.m. at 20°C. 

Vapor pressure: 0.035 mm at 25°C (by extrapolation of the vapor 
pressure curve from 100 to 1 mm). 

Refractive index: ND ·" 1.4750. 
Density: d," 0.9546. 

G. CHEMICAL PROPERTIES 

1. METHOD OF SYNTHESIS 

React 1 mole of ethyl chlorothiolformate with 1.05 moles of di-n­
propylamine and 1.25 moles of aqueous sodium hydroxide. Two other 
methods of synthesis of Eptam and 264 other thiolcarbamates hav~ been 
described (Tilles, 1959). 

2. CHEMICAL STABILITY 

Eptam is very stable to hydrolysis in dilute acidic and basic solu­
tions. Less than 5% hydrolysis was observed when 100 p.p.m. Eptam was 
stored for 300 days at 20°C in 0.1 N HCl, H,SO" NaOH, or distilled 
water. HydrolYSis is complete in 10 minutes in 96% H,SO, at 85'C, hut 
the rate falls off abruptly at lower acid strengths. 

H. FORMULATIONS 

Eptam is formulated as an emulsive liquid containing 6 pounds of 
the active ingredient per gallon and designated Eptam 6-E; and as a 
granular product containing 5% of the active ingredient and designated 
Eptam 5-G. More concentrated granular products may also be used 
in some areas. 
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II. ANALYSIS 

A. FORMULATION ANALYSIS 

1. REVIEW OF METHODS 

Two methods are available for technical and formulated Eptam. A 
specific method based upon determination by gas chromatography is 
preferred, but a general method based upon Kjeldahl nitrogen is useful 
in control analyses where other nitrogen-containing materials are absent. 
Classical Kjeldahl methods are suitable provided techniques are used 
which minimize Eptam loss during the acid digestion. 

2. RECOMMEXDED METHOD 

a. Principle 

Eptam is determined by gas chromatography with reference to a 
sample of known composition. The liquid emulsive formulation is in­
jected directly into the gas chromatograph, whereas the granular prod­
ucts are first extracted with a benzene-methanol-water system (see also 
Volume I, Chapter 9). 

h. Apparatus 

Gas chromatograph, Beckman GC-2 or equivalent. 
Column, 6-ft, Y.-inch aluminum packed with Dow Corning silicone 

high vacuum grease (20%) on acid washed Chromosorb. 
Beckman Liquid Sampler syringe or equivalent. 

c. Procedure 

i. Sample Extraction. 

Weigh 10 gm of S% Eptam granular into a 12S-ml glass-stoppered 
Erlenmeyer flask; add IS.0 ml of anhydrous methanol, 1.0 ml of water, 
and 2S.0 ml of benzene. Stopper the flask and shake for 1 minute; allow 
to stand for S minutes; add 50 ml of water and shake for 1 minute. An 
emulsion usually forms, but it can be broken with the addition of 1 or 2 
ml of methanol. After the emulsion is broken, swirl to extract the excess 
methanol from the benzene phase. Dry a portion of the benzene phase 
with anhydrous sodium sulfate and stopper tightly for subsequent 
analysis. 

Chloroform saturated with water has recently been found to effect 
complete extraction of Eptam from the granular product, and is more 
rapid. 
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ii. GaS Chromatography. 

With a precision syringe, inject 10 or 20-1'1 aliquots of Eptam liqUid 
emulsive or the extracted granular Eptam into the coluW' after equi­
libration at 160'C and 30 psi helium (use lower gauge pressure in in­
struments not containing capillary restrictors). The typical retention time 
is 8 minutes for Eptam under these conditions. Measure the area of the 
recorded peak and refer it to the area of a reference standard, chroma_ 
tographed under identical conditions. The reference standard should be 
similar to the sample in concentration of Eptam and solvent used. Re­
sults from eighteen injections showed the relative standard deviation to 
be -+-1.2%. 

B. RESIDUE ANALYSIS 

1. REVIEW OF METHODS 

Eptam residues have been determined by radiotracer techniques 
(Fang and Theisen, 1959), by gas chromatography (Hughes and Freed, 
1961), and by colorimetry (Batchelder and Patchett, 1960). The gas 
chromatographic method has been mainly applied to the analyses of soil 
samples, but the method may also be applied to the .analyses of some 
crop samples. For routine crop sample analyses, the colorimetric method 
is preferred due to its proven reliability and low background values for 
a wide range of sample types. Where equipment is available, a gas 
chromatographic method employing the microcoulometric detector for 
sulfur may be employed. 

Under normal usage, Eptam leaves no detectable residue in crops 
due to its rapid metabolism as determined by the radiotracer stu~ies of 
Fang and Theisen (1959). 

2. RECOMMENDED METHOD--COLORIMETRIC METHOD 

a. Principle 

Eptam is hydrolyzed in sulfuric acid to di-n-propylamine which 'lis 
converted to the yellow complex of cupric dithiocarbamate having an 
absorption peak at 440 ml' (Batchelder and Patchett, 1960). Eptam is 
separated from the sample extractives by steam distillation, the colored 
materials formed on reaction with sulfuric acid are removed by benzene 
extraction of the aqueous amine hydrochloride solution, and any re­
maining color is compensated for by measurement before and after 
color formation. 
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h. Specinl Reagents 
Copper~ammonium reagent. Dissolve 1.0 gm of cupric sulfate penta· 

hydrate in 5.0 ml of water and dilute to 250 ml with concentrated 
ammonium hydroxide. 

Eptam standard solution. 100 I'g per milliliter of isobctane. 
Hodag FD-62 silicone antifoam solution, Hodag Chemical Co., 

Chicago, Illinois. 

c. Experimental Procedure 

i. Sample Preparation. 

Macerate 400 gm of the crop sample with 1000 ml of water and 
transfer to a 4-liter wide-mouthed Erlenmeyer flask. Add 25 ml of 
glacial acetic acid and steam distill the Eptam into a 500-ml separatory 
funnel with ahout 400 ml of distillate. Where foaming is a problem, sub­
stitute 10 ml of Hodag FD-62 antifoam for the acetic acid. Add 5 drops 
of conc. HCI to the distillate and extract the Eptam from the aqueous 
phase with two 30-ml portions of isobctane. Combine the isobctane ex­
tracts, which represent 400 gm of sample, and store them for subsequent 
hydrolysis and colorimetry. 

ii. Colorimetry. 

Add a 3O-ml aliquot of isooctane extract, representing 200 gm of 
the sample, into a 40-ml centrifuge tube. Add 1 ml of 96% H,SO" shake 
vigorously and allow to settle. Discard the isoiictane phase by aspiration 
with a vacuum suction tube. The Eptam partitions into the sulfuric acid 
and is then bydrolyzed by heating for 20 minutes in a glycerol bath at 
85 +- 1 'C. Roll the tube twice during this period to rinse the sides with 
the hot acid. Cool the tube in an ice bath and dilute the cold acid 
calltiously to 20 ml with water. 

Add a drop of 1% phenolphthalein and neutralize cautiously with 
50% NaOH while swirling in the ice bath. Add three extra drops of NaOH 
and 10 ml of benzene, shake to extract the di-n-propylamine and discard 
the aqueous phase. Add 15 ml of water and one drop of phenolphthalein, 
acidify with conc. HCl and add three extra drops. Shake to extract the 
amine from the benzene and discard the benzene phase which contains 
any interfering color. Add an additional 10 ml of benzene, shake and 
discard the benzene phase. Add one drop of phenolphthalein and make 
the mixtme basic with 50% NaOH and add two extra drops. Add 10.0 ml 
of benzene, shake and transfer about 4 ml of the benzene layer to a test 
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tube containing a gram of anhydrous sodium sulfate. Shake until the 
benzene extract is clear and pour into a I-em cell and determine the 
background absorbance at 440 m" against a benzene blank wit~ a Beck­
man DU spectrophotometer (or equivalent). Return the benzene to the 
centrifuge tnbc containing the major pOltion of benzene and the dilute 
sodium hydroxide. Add 0.5 ml each of cupric ammonium reagent and 
carbon disulfide. Shake immediately and continuously for 4 minutes. Dry 
an aliquot of the benzene phase as before and read the absorbance at 440 
m" within 10 minutes. Use the same cell for determining absorbance 
values before and after color formation to cancel the effect of cell 
corrections. 

iii. Interferences. 

Nonbasic organic compounds which steam distill and yield a sec­
ondary amine when heated with sulfuric acid could interfere with the 
Eptam colorimetry. Naturally occurring interferences have only been 
encountered in turnips and were removed by column chromatography. 
Tillam can interfere, but could be separated from Eptam by gas 
chromatography. 

iv. Sensitivity. 

Four micrograms of Eptam can be detected by the method. This is 
equivalent to 0.02 p.p.m. for most crops. 

v. Recovery. 

An average of 85% recovery has been effected when Eptam was 
added in the range of 0.05 to 0.5 p.p.m. to a wide variety of crops in­
cluding alfalfa, apples, asparagus, dried beans, beets, clover, corn, onions, 
peppers, potatoes, prunes, spinach, strawberries, sugar beets, tobacco, and 
tomatoes. Recoveries are frequently 10 to 20% lower for very oily crops 
such as safflower seeds. 

vi. Standard Curve. 

A linear response is effected for Eptam in the range of 4 to 400 "g 
with typical absorbance values of 0.012 and 0.947 respectively. The 
reagent background has a typical absorbance value of 0.003. 

vii. Sample Calculations. 

Determine the amount of Eptam in the sample by referring the net 
absorbance (the difference between absorbance before and after the 
color formation) to a standard curve prepared by processing aliquots of 
the Eptam standard solution in a similar manner, 
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3. APPLICABILITY OF RECOMMENDED METHOD TO DIFFERENT 

CROP OR FOOD MATERIALS 

123 

Dried or starchy crops which present mechanical problems in the 
steam distillation extraction method can be extracted with hexane 
(Batchelder and Patchett, 1960), or with hexane-isopropanol (Guten· 
mann and Lisk, 1960). Foaming is reduced with crops such as snap· 
beans, sa!Rower seeds, cabbage, tomatoes, sugar beet tops, apples, and 
tobacco by the addition of Hodag FD-62 prior to steam distillation. 
Crops with a very high oil content may have to be limited to 100 gm or 
less to effcct good steam distillation recovery. Turnips are the only crop 
tested that interfere with the colorimetry. Turnip background values of 
3 to 24 p.p.m. were reduced to less than 0.02 p.p.m. by chromatography 
on Florisil, eluting the interferences with 1.5% ether and eluting the 
Eptam with 3% ether in isooctane. 

4. DISCUSSION OF METHOD 

The relative standard deviation of the colorimetric method is 
±3.4%. During color formation, the solution temperature should be 20 
to 25 C C for optimum results. The reaction may not be completed at 
lower temperatures and side reactions can occur at higher temperatures. 
After addition of reagents, a delay in starting the 4-minute shaking 
period can also result in side reactions. The color formed in the absence 
of sample extractives is normally stable after drying, but slow fading has 
been observed with some samples. 

5. MODIFICATION OF METHOD 

The colorimetry can be significantly simplified when applied to soil 
samples which normally do not form any significant discoloration after 
digestion with sulfuric acid. The colorimetry can be carried out directly 
after neutralizing the sulfuric acid where a slight background color is not 
objectionable. 
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Tris- (2, 4-dichlorophenoxyethyl) phosphite 

I. GENERAL 

A. EMPIRICAL FORMULA 

C"H" O,PCI, (Mol. wt. 649.39). 

B. ALTERNATE NAMES 

3Y9, 2,4-DEP. Falone is the registered trademark of the U. S. Rub­
ber Company. 

C. SOURCE OF ANALYTICAL STANDARD 

Naugatuck Chemical Division, U. S. Rubber Company, Naugatuck, 
Connecticut. 

D. BIOLOGICAL PROPERTIES 

Falone is an effective pre-emergence herbicide for corn, peanuts, 
strawberries, and white potatoes for which it has beeu registered by the 
U. S. Department of Agriculture. It has also shown promise on asparagus, 
nursery turf (specifically crabgrass control) and for maintaining weed 
control in "summer fallow" in western areas, as described by Feldman 
(1958). 

Weeds controlled by Falone include pigweed, lambsquarter, rag­
weed, purslane, cocklebur, chickweed, foxtail, barnyard grass, crab­
l(rass, gonsegrass, and Florida pusley. Crops reported sensitive to either 
pre- or post-emergence application are beets, broccoli, cabbage, canta-

125 
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loupe, carrot, lettuce, mangel, mustard, onion, pea, pepper, pumpkin, 
radish, rutabaga, snaphean, soybean, squash, Swiss chard, tobacco, 
tomato, turnip, and watermelon. 

Soil moisture, temperature, and organic content influelV!e the bio~ 
logical action of Falone. Like most pre-emergence herbicides, it requires 
moisture for activation. However, muck soils reduce the weed corltrol. 

The acute oral toxicity (LD,,) of Falone is estimated to be 0.85 
-+- 0.14 gm/kg of body weight for the albino rat. In subacute (90 day) 
toxicological feeding studies carried out by the Food and Drug Research 
Laboratories, Inc" on 80 weanling albino rats, no abnormalities resulted 
from the ingestion of 0.0085 or 0.0425% Falone in the diet for 90 days, 
and the highest dose level (0.2125%) elicited mild adverse effects on 
growth, and on kidney and adrenal weights without morphological 
changes in these organs. No adverse effects have been noted in the 
handling of Falone in formulation or field operations. 

E. HISTORY 

Falone is one of a group of new chemicals, the poly (chlorophenoxy­
ethyl) phosphites, which were initially prepared and found to be 
biologically active by Harris and Feldman (1958) as described in their 
patent. It is particularly useful as a pre-emergence herljicide. 

F. PHYSICAL PROPERTIES 

Pure Falone is a white waxy solid. The technical grade is a non­
volatile viscous brown oil which is soluble in all proportions with 
aromatic hydrocarbons but only to the extent of 1 part in 100 parts of 
Stoddard solvent. It is insoluble in water but hydrolyzes in the presence 
of water. Under normal anhydrous storage conditions, it is stable 
indefinitely. 

G. CHEMICAL PROPERTIES 

1. METHOD OF SYNTHESIS 

Phenol is reacted with chlorine gas to produce 2,4-dichlorophenol 
which is subsequently reacted with ethylene oxide to produce 2,4-
dichlorophenoxyethanol. Reaction of the 2,4-dichlorophenoxyethanol with 
phosphorus trichloride in a hydrocarbon solvent with an amine as a 
sequestering agent produces Falone. 

2. CHEMICAL REACTION; 

When exposed to aqueous acids or bases, Falone hydrolyzes slowly 
to 2,4-dichlorophenoxyethanol and phosphorous acid. 
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H. FORMULATION 

Falone 44-E is an emulsifiable concentrate containing 44% by weight 
of active ingredient. 

II. ANALYSIS 

A. FORMULATION ANALYSIS 

1, REVIEW OF METHODS 

Hooker Chemical Corp. (1959) and the Virginia-Carolina Chemical 
Corp. (1959) describe analytical methods of assay for trialkyl and 
dialkyl hydrogen phosphites. The methods utilize the property of tri­
alkyl phosphites to react rapidly with halogen and of dialkyl phosphites 
to react slowly under more drastic conditions to produce an addition 
product. 

Stone (1960) adapted the above tests for tri- and dialkyl hydrogen 
phosphites to the assay of Falone which may also contain small amounts 
of bis-Z,4-dichlorophenoxyethyl phosphite. 

2. RECOMMENDED METHOD 

a. Principle 

In this method (Stone, 1960) the per cent of tris- (2, 4-dichloro­
phenoxyethyl) phosphite is determined by titration of the sample dis­
solved in alcoholic benzene-pyridine solution with alcoholic iodine solu­
tion to a yellow endpoint. The per cent bis-2,4-dichlorophenoxyethyl 
phosphite is then determined by reacting the same sample with excess 
alcoholic iodine solution for 15 minutes followed by titration of the 
unreacted iodine with alcoholic sodium thiosulfate solution. The milli­
liters of titrating solutions used are substituted in equations to calculate 
each component. 

b. Reagents 

Benzene, A.R. 
Iodine in methanol (no potassium iodide), 0.10 N. 
Methanol, absolute A.R. 
Potassium acetate, potassium iodide solution (120 gm of potassium 

acetate (anhydrous) and 32 gm of potassium iodide dissolved in 640 ml 
of methanol). 

Pyridine, A.R. 
Sodium thiosulfate in aqueous methanol, 0.07 N (150 ml of H,O/1000 

ml of methanol). 
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c. Apparatus 

Microburette, 10-ml capacity. 

d. Experimental Procedure 

Per cent Tris-(2,4-dichlorophenoxyethyl) phosphite. Weigh on an 
analytical balance 2.0 gm of Falone 44-E and transfer into a 125-ml 
iodine flask. Add 5 ml of benzene, 2 ml of pyridine and 5 m! of methanol. 
Swirl to mix and titrate rapidly with 0.10 N alcoholic iodine from a 
5O-ml burette to the first fleeting yellow endpoint. 

(RO),]' + J, ~ (RO),PJ, 

Calculation: 

meq. I, X 32.45 % Tris-(2,4-dichlorophelloxyethyl) phosphite = 
Sample weight (g) 

Per cent Bis-(2,4-dichlorophenoxyethyl) phosphite. To the same 
sample add 20 ml of potassium acetate-potassium iodide solution and ca. 
10.00 ml of 0.10 N iodine solution to provide an excess of iodine. Stopper 
and swirl the flask. Allow a 15-minute reaction period, then titrate the 
unreacted iodine with 0.10 N sodium thiosulfate solutiod from a 10-ml 
microburette. The endpoint is a change of the iodine-brown or yellow to 
a cloudy colorless solution. 

(RO),POH + I, ~ (RO),POI + HI . pyridine 

Calculation: 

% Ris-(2,4-dichlorophenoxyethyl) phosphite 
meq. 12 - meq. Na2S,O, X 3.0 

Sample weight (g) 

3. DISCUSSION OF METHOD 

The alcoholic 0.10 N sodium thiosulfate solution is standardized 
daily against known 0.10 N iodine. The alcoholic 0.10 N iodine.is then 
standardized against the sodium thiosulfate solution. The method is 
suitable for the analysis of Falone technical and 44-E. 

B. RESIDUE ANALYSIS 

1. REVIEW OF METHODS 

Pre-emergence application of Falone suggested that a residue, if any, 
would be extremely small in treated crops. Prior art offered no residue 
test speciSc for such chemicals with a sensitivity of 0.1 p.p.m. Lane 
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(1961) developed a new color test specific for compounds containing 
halogen-substituted pllenoxy or naphthoxy groups; and, under the 
prescribed clean-up, specific for Falone and its distillable hydrolysis 
product 2,4-dichlorophenoxyethanol (DCPE) . The test is based on the 
following color reactioDS. 

Dimethylnaphthidine (I ) dissolved in concentrated sulfuric acid 
containing a small amount of potassium nitrate reacts immediately to 
form an intense stable purple coloration (II ). 1£ 1 to 5 /Lg of DCPE 
(III) are also present, they are nitrated to IV, thereby increasing the re­
activity of the chlorine a toms. IV then reacts with II, causing the intensity 
of the purple color to decrease in proportion to the concenb·ation of 
DCPE, in the ratio of ca 0.3 absorbance unit per microgram of DCPE 
(Fig. 1). 
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H,C CH, 

H,N NH, 

Dimethylnaphthidine (DMN) 

(I) 

DCPE 

(III) 

LANE 

Nitrated compound 
(intense purple solution) .. 
\ (rr ) 

Destroys purple in pro~ 
+ portion to cOl)centration 

of DCPE present 

"C(" / 

JYOCH,CH,OH 

"Cl~NO 
/' ' 

(IV) 

2. RECOMMENDED METHOD / 

a. Principle / 

In this method (Lane, 1961) microquantities oF' Falone are hy­
drolyzed in refluxing aqueous potassium carbonate, liberating 3 mole­
cules of DCPE which steam distill. Carbon tetrachloride extracts the 
DCPE from the distillate. Concentrated sulfuric acid extracts the OCPE 
from the carbon tetrachloride. Addition of nitrate and dimethylnaphthi­
dine reagents to the sulfuric acid extract initially produces an in~ense 
purple coloration which, during a 20 to 3D-minute reaction period, 
lessens in intensity proportionally to the microquantity of DCPE present 
(1 to 5 "g). 

The net absorbance (the difference in absorbance at 550 m" between 
an untreated sample analysis and a fortified or treated sample analysis), 
is compared to a standard curve (Fig. 1) to determine the micrograms\ 
of residue. I 

b. Reagents 

Standard solution. Prepare an acetone or ether solution of 50 "g of 
Falone per milliliter. (The content of technical material is assumed to be 
equivalent to the chlorine content as determined by a total chlorine 
analysis. ) 

Dimethylnaphthidine (DMN) reagent. Place 0.010 gm of 3.3-di­
methylnaphthidine and 30 ml of cone. H,SO. in a clean, dry, 30-ml 
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dropping bottle. Seal with the ground-glass pipette and swirl 
occasionally for an hour to dissolve the dimethylnapbthidine completely. 
Prepare fresh daily 1 hour before initial use. 

Nitrate reagent. Add l.0 gm of potassium nitrate and 30 ml of cone. 
H2SO. to a clean, dry, 30-ml dropping bottle. Swirl occasionally to dis­
solve completely and seal with the ground-glass pipette. This reagent 
is stable for a week. 

Nitromethane, practical grade (colorless). 
SUl{u1'ic acid, A.R. boiJed. Boil 300-ml portions plus two carborundum 

chips in clean, dry Kjeldahl flasks on a digestion rack for 0.5 hour. Store 
the cooled acid in a dean, dry acid bottle. 

c. Apparatus 

Use no lubricant on any ground-glass stopper, joint, or stopcock of 
any equipment used. 

Distillation appawtus (Fig. 2). 

FIG. 2. DistiUation apparatus for Falone residue analysis. 

Heating mantle, hemispherical type, 1000-m1 capacity. 
Flask, round-bottomed, short-necked, 24/40 'f joint, lOOO-mI. 
Kieldahl connecting bulb, Iowa State-type, fitted with 24/40 imler 

l' joints on both ends. 
W est-type condenser, drop-tip 24/40 l' joints, 300-ml jacket length. 
Bent adapter, 24/40 l' joint. 
Soxhlet extraction apparatus, (500-ml capacity boiling flask). 
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Bottles, dropping with ground-in pipette, 30-ml capacity. 
Hypodermic syringe, with needle, O.25-ml capacity, O.Ol-ml gradua­

tions. 
Centrifuge tubes, conical shape, 50 and IOO-ml gradutted, with 

glass stoppers. 
Lapping and grinding compound, grease-mixed, Grit No. 600 (ex­

tremely fine), Clover Grade 4-A. 

d. General Experimental Procedure 

Because of procedural differences in the analysis of the various crops, 
a complete analytical procedure for all crops is described, which is 
divided into sections (Section e below). Those sections necessary for 
the analysis of a specific crop are given with the crop in the following list. 

Corn eats and whole peanuts. Use Soxhlet extraction A, nitro­
methane partition, distillation, clean-up of distillate B, extraction of 
distillate, color formation and calculation. 

Corn stalks, peanut plants, and peanut hay. Use Soxhlet extraction 
B, nitromethane partition, distillation, clean up of distillate A and B, 
extraction of distillate, color formation, and calculation. 

Asparagus, cranberries, potatoes, and strawberries. Add a 50-gm 
sample, 175 ml of 30% (by weight) potassium carbonat" solution, one 
drop of Antifoam A, and Carborundum chips to a I-liter round-bottomed 
flask. Proceed with the analytical sections: distillation, clean-up of dis­
tillate B, extraction of distillate, color formation, and calculation. 

e. Individual Analytical Procedures 

i. Soxhlet Extraction A. '\ 

To a 43 X 123-mm Whatman extraction thimble add 5 gm of n­
hydrous sodium sulfate followed by 50 gm of sample, and cover with 
another 5 gm of anhydrous sodium sulfate. Soxhlet-extract the tbimbl~ 
in a medium-sized apparatus attached to a 5OD-ml boiling flask contain', 
ing 350 ml of petroleum etber (30-60°C). The sample is extracted for 2\ 
hours at a rate of one siphoning every 3 minutes. 

ii. Soxhlet Extraction B. 

To a 60 X lSO-mm Whatman extraction tbimble add 10 gm of 
anhydrous sodium sulfate, followed by 50 gm of sample, and cover with 
another 10 gm of anbydrous sodium sulfate. Soxblet-extract tbe thimble 
in a large-sized apparatus attached to a I-liter boiling Hask containing 
500 ml of petroleum ether. The sample is extracted for 3 bours at a 
rate of one siphoning every 4 minutes. 
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iii. Nitromethane Partition. 

Add the petroleum ether extract to a dry, 500-ml separatory iunnel 
containing 40 lUI of nitromethane (practical grade). Stopper, shake 
vigorously for 30 seconds, and allow 5 minutes for separation of layers. 

Draw off the lower (nitromethane) layer into a I-liter round­
bottomed flask. If the nitromethane layer contains flocculent matter, 
filter it through a Whatman No.4 IIlter paper before transfering to the 
flask. Add 200 ml of distilled water, one drop of Antifoam A, and 
Carborundum chips. 

Place the flask in a I-liter heating mantle and attach to the distilla­
tion apparatus (Fig. 2). With the Powerstat set at 90 units, distill, col­
lecting nitromethane and water (immiscible layers) in a IOO-ml grad­
uated centrifuge tube until 40 ml of water (top layer) have been col­
lected. Discard the distillate. Remove and cool the distilling flask to room 
temperature, add 65 gm of granular potassium carbonate, and swirl to 
dissolve. 

iv. Distillation. 

Place the flask in a I-liter heating mantle and attach to the dis­
tillation apparatus (Fig. 2) which is steamed to clean prior to each 
use. Set the Powerstat at 85 units and with a rapid condenser water 
flow, collect 100 ml of distillate. 

v. Clean-up of Distillate A. 

Collect the distillate in a marked 250-ml Erlenmeyer flask, and boil 
away ca. 20 ml to remove volatile interferences. Cool to 25°C. 

vi. C lean-up of Distillate B. 

Omit clean-up for potatoes. 
Acidify the distillate with 20 drops of cone. H,SO" extract with 30 

ml of nitromethane in a 250-ml separatory funnel, and draw off the 
lower nitromethane layer into a I-liter round-bottomed flask containing 
130 ml of distilled water and Carborundum chips. Attach the flask to the 
distillation apparatus (Fig. 2) and distill and discard the nitromethane 
plus 30 ml of water (top layer). Cool the residue in the distilling flask 
to 30°C for extraction. 

vii. Extraction of Distillate. 

After clean-up, acidify the distillate with 20 drops of conc. H,SO, 
and extract with 40 ml of carbon tetrachloride in a 250-ml separatory 
funnel. Filter the lower carbon tetrachloride layer through a 
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Whatman No.4 fllter paper into a clean, dry 5O-ml conical centrifuge 
tube fitted with a ground-glass stopper. Add 2 gm of anhydrous sodium 
sulfate, stopper the centrifuge tube, shake for 30 seconds, and allow to 
stand for 10 minutes. Decant the dried carbon tetrachloride and £Iter 
through a Whatman No.4 fllter paper into a dry 60-ml separatory funnel. 
Add 3.0 ml of cone. H,SO, from a 25-ml burette, stopper and shake 
vigorously for 30 seconds. Swirl gently and let stand for 20 minutes for 
layer separation. Draw off tbe lower, concentrated sulfuric acid layer into 
a dry 5-ml volumetric flask. 

viii. C alar Formation. 

First, prepare a reagent blank to determine the intensity of pur­
ple available from a given amount of freshly prepared DMN reagent. 
Add 3.0 ml of cone. H,SO, to a dry 5-ml volumetric flask followed by 8 
drops of nitrate and 10 drops of DMN reagents. Horizontally agitate the 
volumetric flask to mix the contents thoroughly and allow to stand for 
30 minutes to simulate an actual analysis. Then, measure the reagent 
blank at 550 mp. in a l-cm cell, using water as the reference in a Beck· 
man Model DU spectrophotometer. Use the absorbance value thus 
obtained to estimate the number of drops of DMN rfagent needed to 
produce an initial optimum purple intensity of 1.6" to 1.7 absorbance 
units in ensuing sample analyses. 

Add the color reagents to a set of analyses to ensure similar reagent 
activity. Carry an untreated sample, an untreated sample fortified with 
0.1 p.p.m. of Falone and duplicate analyses of one or two accompanying 
treated samples togetber with a reagent blank analysis through fhe 
prescribed analytical procedure to obtain the concentratcd sulfuric 
extracts in the 5-ml volumetric flasks. Carefully add eight drops of the 
nitrate reagent to each volumetric flask, followed by the number of drops 
of DMN reagent necessary (as estimated above) to provide a purple in' 
tensity of 1.6 to 1.7 absorbance units. (The drops of the reagents added 
should fall directly to the bottom of the 5-ml flasks without touching the 
neck.) Agitate the volumetric flasks to mix the contents and let stand 
for 30 minutes. Transfer the color solutions to an equal number of clean, 
dry I-em cells and measure together at 550 mp', using water as tbe 
reference. 

ix. Preparation of Sample. 

Dry crops-i.e., com ears and stalks; whole peanuts, plants, and 
hay-are ground to a meal in a Wiley Mill No.2. Watery crops-i.e., 
asparagus, cranberries, potatoes, and strawberries-are ground to a s~UP 
in a blender, and analyzed immediately, or frozen in sealed glass Jars 
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d stored. Asparagus and potatoes exhibit less interference if they are 
an d' If' 
ana lyzed imme late yater processmg. 

f. Discussion of Interference 

After the 20-minute period for the phase separation of sulfuric acid 
from carbon tetrachloride in the final extraction, the sulfuric acid ex­
tracts of a set of crop analyses should be light yellow, of equal intensity 
and possibly have a very slight turbidity, which will clear during the 
color reaction. If one analysis appears to be. noticeably mOre intensely 
yellow or to have a greater turbidity than the others, satisfactory inter­
ference removal was not obtained, and it is discarded. The sulfuric acid 
extract is drawn off very slowly into the 5-ml volumetric flask to insure 
that none of the carbon tetrachloride layer comes with it. A drop of 
carbon tetrachloride inadvertently passed on with the sulfuric acid 
produces a turbidity which will persist and make the absorbance meas­
urement unreliable. All colored solutions must be crystal clear for reliable 
absorbance measurements. With the prescribed clean-up, practically no 
naturally occurring substances from the crops analyzed remain at the 
color formation step to interfere. 

g. Sensitivity 

The method is sufficiently sensitive to detect 0.03 p.p.m. of Falone in 
the eight crop products (Table I). Hydrolysis of Falone in aqueous 

TABLE I 
RECOVF.RIER OF FALONE ADDED TO UNTREATED CROPS 

Ave. 
Added Ko. Recovered Recovery recovery 

Crop p.p.m. of uetus. p.p.m." % % 

Aspa.rs.gus 0.10 2 0.07,0.08 71 j 78 75 
Corn ears 0.10 22 0.06-0.10 63-100 74 
Com stalks 0.10 9 0.05-0.10 50-100 08 
Cranberries 0.10 2 0.07,0.07 66,72 69 
Peanuts

j 
Whole 0.10 23 0.07-0.09 51-92 71 

Peanut plants 0.10 14 0.05-0.10 50-IDa 76 
Potatoes 0.10 7 0.07-0.10 68-97 87 
Strawberries 0.10 13 0.06-0.10 60-100 75 --" Corrected for interference from untreated samples. 

PotaSSium carbonate, distillation of the OCFE and clean-up as described 
1S~lates OCFE from similar compounds such as 2,4-0, 2,4-dichloro­
p enol, Or the sodium salt of 2,4-dichlorophenoxyethyl sulfate, which 
would produce a similar color reaction with the reagents as OCFE. 
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h. Recoveries 

Recoveries of 0.10 p.p.m. in 92 determinations from the various crop 
products average 74% with a high of 100% and a low of 5~ (Table I). 

i. Standard Curve 

Prepare a standard curve (Fig. 1) by processing aliquots of Falone 
standard solution as described below. 

To a I-liter round-bottomed flasks containing 175 ml of 30% potassium 
carbonate solution, add appropriately graduated microquantities of 
Falone (i.e., 1, 2, 3, 4, and 5 f'g) as an acetone solution of the technical 
grade. (The content of technical material is assumed to be equivalent 
to the chlorine content as determined by a total chlorine analysis.) 

The I-liter flask is attached to the distillation apparatus (Fig. 2) and 
100 ml of the distillate is taken. The analyses are then completed as 
described in the procedure beginning with the section entitled "Extraction 
of Distillate" (Section vii above). 

j. Calculation 

Determine the micrograms of Falone in the sample by referring the 
net absorbance (the difference between the absorbanci of an untreated 
sample and a treated or fortified sample) to a standard curve (Fig. 1). 

3. APPLICATION OF RECOMMENDED METHOD TO DIFFERENT CROPS 

Since the crops analyzed by this method include berries, fodder 
crops, grain, green vegetables, nuts, and tubers, it is expected that a 
large number of related crops can be analyzed equally successfully if 
the clean-up technique given for a similar described crop is followe, 

4. DISCUSSION OF METHOD \. 

Traces of water in the concentrated sulfuric acid extracts or in ~e 
color reagents will inhibit the color reaction. Extreme caution must be 
observed to provide dry 60-ml separatory funnels, 30-ml dropping 
bottles for reagents, 50-ml centrifuge tubes, 5-ml volumetric flasks, I-cm 
cells for absorbance measurements, and a 25-ml burette for dispensing the 
3-ml aliquots of sulfuric acid for the extraction of the carbon tetra­
chloride. The above glassware is cleaned with warm water, followed by 
an acetone rinse and dried in an oven at 100°C. When beginning the 
analysis, a bottle of boiled sulfuric acid is fitted with a screw-on type 
plastic adapter to hold an automatic IOO-ml graduated dispensing burette. 
All sulfuric acid needed for reagents and analyses are drawn, as needed, 
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from this system to minimize contamination of the acid by air moisture. 
No lubricant is used on any stopcocks or other ground glass joints 

due to the possible contamination of the organic solvents and sulfuric 
acid which contact the joints. To insure that the unlubricated stopcocks 
of the separatory funnels are leakproof and turn easily, the stopcocks 
are ground into their joints with very fine grade, grease-mixed, valve 
grinding compound. The compound is removed with successive rinses 
of hexane, acetone, and water. 

a. Color Formation 

An initial purple intensity of ca. 1.7 absorbance units is necessary to 
be able to accurately detect 5 I'g (0.10 p.p.m.) of DCPE. Five micro­
grams of DCPE cause a lessening in intensity of ca. 1.2 absorbance 
units in an analysis. Natural interference from the various crop products 
analyzed cause a reduction of 0.0 to 0.2 units. 

When the purple color of nitrated DMN in an analysis is weakened 
by reaction to 0.5 absorhance units, and the total original concentration 
of about 200 I'g of D\,IN is 80% consumed, the rate of reaction slows 
considerably, as is noted in the standard curve with 51'g of DCPE. 

A reaction period of 20 to 30 minutes for complete color change 
is most suitable to obtain high recoveries from Falone-fortified samples 
and a near straight line for the major portion of the standard curve. 

Increasing or decreasing the number of drops of nitrate reagent 
will likewise increase or decrease the speed with which completion of 
the desired color change is obtained. If the color reaction is completed 
in 15 minutes or less, the nitrate content is usually so strong that it will 
cause untreated sample analyses to show increased interference levels 
and analyses of fortified samples to show lower recoveries. Although 
eight drops of nitrate reagent was found satisfactory for many sets of 
analyses, more or fewer drops of nitrate reagent may be needed to 
ohtain a maximum color change in a 20 to 30-minute period. The color 
reaction (as indicated by fortified samples) appears to be completed 
5 minutes faster in asparagus and strawberry analyses tban in standard 
analysis and 5 minutes slovlC'T in peanuts and corn analyses. Plant con­
stituents apparently aid or reduce the ability of the nitrate reagent to 
produce the desired reaction. Reagents, sulfuric acid, the room temper­
ature and humidity are sometimes responsible for small variations in the 
rate of reaction. 

AI! sulfuric acid and reagents should be at a room temperature of 
70 to 85°F for standard and crop analyses. Low temperatures of re­
agents reduce the rate of reaction, and conversely higher temperatures 
increase it. 
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b. Nitromethane as a Partitioning Solvent 

Nitromethane appears to be extremely selective in partitioning Falone 
from petroleum ether extracts of corn meal. A single extIPction with 
nitromethane removes essentially all Falone from the petroleum ether, 
yet extracts no fats or waxes. 

c. Preparation of Fortified Samples 

One-tenth ml (5 I'g) of Falone standard solution dispensed from a 
O.25-ml hypodermic syringe is added to a SO-gm sample. For dry crops, 
Falone is added to the sample in the Soxhlet thimble prior to extraction. 
To watery crops, the material is added to the sample in the I-liter flask 
prior to distillation. 

Sulfuric acid, A.R. in the lO-pound bottle is usable in this test. 
However, the relatively larger concentration of nitrate in this quality of 
sulfuric acid will produce the following noticeable changes in the general 
analysis. The DMN reagent will quickly become intensely purple with 
the formation of nitrated DMN due to the nitrate present. Use of this 
sulfuric acid for extracting and preparing both DMN and nitrate reagent 
requires about one-quarter the number of drops of nitrq.te reagent for 
the color reaction as is needed with the boiled acid. Interference from 
crop analyses are slightly higher and more variable. The standard curve 
is similar in shape but reduced in size by about 20%. 
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IPC 
L. N. GARD AND C. E. FERGUSON, JR. 

H 0 H CH, 

0- 1 II 1/ 
N-C-O-C 

" CH, 

Isopropyl N -phenylcarbamate 

1. GENERAL 

A. EMPIRICAL FORMULA 

C"H"O,N (Mol. wt. 179.22). 

B. ALTERNATIVE NAMES 

IPC, isopropyl N-phenyl urethane, and isopropyl ester of carbanilic 
acid. 

C. SOURCE OF ANALYTICAL STANDARD 

Pittsburgh Plate Glass Company, Chemical Division, Agricultural 
Chemical and Ammonia Sales, One Gateway Center, Pittsburgh 22, Pa.; 
and Food Machinery and Chemical Corporation, Fairfield Chemicals, 
411 Lexington Ave., New York 17, N. Y. 

D. BIOLOGICAL PROPERTIES 

1. HERBICIDAL ACTIVITY 

IPC has economic value as a herbicide or plant growth regulator. 
It possesses biological activity, particularly toward narrow·leaved annual 
plants when applied to the soil during pre-emergence periods. The list of 
particular plants which can be controlled by this chemical includes 
annual bluegrass (Poa annual, wild oats (Avena fattta), rattail fescue 
( F estuca myuros), and ryegrass (Lolium multiflorum). There are a 
number of other narrow-leaved species which are susceptible to IPC, 
some of which may be classified as showing intermediate susceptibility 
(Freed, 1951). 

139 
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The biological mechanism by which the phenyl carbamates fUnction 
can be described briefly as being due to a msturbance in the normal 
division of the plant cells. Ennis (1948), Doxey (1949), and Ivens and 
Blackman (1950) agreed that the phenyl carbamates as a cl!tss caUSe a 
decrease in the rate of cell division. The selectivity of certain species 
which are resistant to IPe may be due to an antidote substance, or sub­
stances, produced by these species which in some way depress the activity 
of the herbicide (Ries, 1953). 

A more detailed discussion of the character and performance of IPC 
may be obtained by referring to the chapter on CIPC (in this volume) 
since the chemical and biological activity of both compounds are 
essentially the same. 

Food crops on which various formulations of IPC have shown pro­
mising weed control include: sugar beets, peas, mint, and salad greens 
such as spinach, kale, turnips, and cabbage. As a post-emergence treat­
ment) it has been particularly effective in controlling annual grasses 
normally associated with clover, alfalfa, and perennial grasses being 
grown for seed. In addition to its uses on harvested crops, IPC is effective 
for weed control in ornamental plantings such as flower and shrubbery 
beds. 

2. ACUTE TOXICITY 
/ 

a. Oral Administration 

Acute toxicity tests conducted for IPC in 1949 by the Industrial 
Hygiene Foundation of America, Inc., Pittsburgh, Pa., for Pittsburgh 
Plate Glass Company suggest that the acute oral toxic level of IPC is 
very low-the single oral LD" for rats is approximately 5 gm/kg. The 
chief toxic manifestation was anesthesia which increased in depth with 
increasing dosage. 

b. Inhalation Exposure 

The Industrial Hygiene Foundation found that the inhalation of IPe 
dust by rats produced anesthesia at much lower dosage levels than 
occurred as a result of acute oral administration. A dust concentration 
of 25 mg/ cu meter produced light anesthesia in four hours, which rep­
resented a calculated intake of 0.6 mg or a dosage of 5 mg/kg assuming 
100% retention of the dust. Varying degrees of anesthesia are produced 
by the inhalation of IPC, the depth depending on the dosage, and the 
earliest signs of Iightheadedness or sluggishness should provide an ade­
quate warning of excessive dosage. 

E. HISTORY 

Biological effects of esters of carbanilic acid (carbamates) were 
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orted by Freisen in 1929. Templeman and Sexton (1945) published 
rep Its of plant growth studies with carbanilic acid esters, and reported 
resu . . 
hat the isOPropyl ester (IPC) effectIvely retarded the growth of oats. 

t Experimental field work eventually led to commercial application 
of IPe for weed control in legumes, strawberries, spinach, and lettuce. 
Commercial experience soon showed IPC to have two limitations: (1) 
under field conditions its performance was variable and inconsistent, and 
(2) its residual life in the soil was too short for most crop applications. 

Much of the early work in weed control with carbamates emphasized 
IPC. In 1951, Witman and Newton reported the more toxic effect of 
CIPC as compared with IPC. 

Some of the crops grown in soil receiving post- or pre-emergence 
herbicidal treatment with IPC which have been analyzed for residues of 
the herbicide at the time of harvest are listed in Table 1. 

TABLE I 
TREATED CROPS ANALYZED FOR IPC RESIDUE 

Crop Treatment Reference 

Peas Gard and Reynolds, 1957 
Stra wherries 
Sugar beets 
Spinach 
Flax 

Pre-emergence 
Dormant 
llre-emergence 
Pre-emergcnce 
Pust-emergcnce 
Post-emergence 

Gard et ai., 1959; Montgomery and Freed, 1959 
Gard et al., 1959 

Lettuce 

F. PHYSICAL PROPERTIES 

Gard et al., 195!) 
Gard and Ferguson, unpublished results 
Bissinger and Fredenburg, 1951 

The following data are taken from unpublished information ob­
tained in the authors' laboratory, Chemical Division of Pittsburgh Plate 
Glass Co., Barberton, Ohio. 

Melting point, 87-88°C (sublimes). 
Specific gravity at 20°C, 1.09. 
Solubility in water at 20°C, 250 p.p.m. 
Solubility in organic solvents: Readily soluble in esters, alcobols, 

ketones, and chlorinated solvents. Limited solubility in aliphatic and 
aromatic hydrocarbons. 

G. CHEMICAL PROPERTIES 

1. METHODS OF SYNTHESIS 

Two important methods for synthesizing IPC are shown. The first 
method involves the reaction of equimolar quantities of isopropyl alcohol 
and phenyl isocyanate, as shown in Eq. (1): 

C.H,NCO + C,H,OH ~ CoH.NHOCOC.H, (1) 
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The second method of synthesis involves the reaction of eqnimolar 
quantities of isopropyl chloroformate and aniline in a sodium hydroxide 
medium as shown in Eq. (2): 

NaOH 
C,H,NH, + C,H,OCOC1--~ C,H,NHOCOC,H, + NaCl + H,O (2) 

2. CHEMICAL REAGrlONS 

Since IPC is a carbamic acid ester, it is essentially neutral in action 
and does not corrode common metals to any appreciable extent. It is 
slowly hydrolyzed under basic or acidic conditions to yield aniline, 
carbon dioxide, and isopropyl alcohol. IPC is slightly volatile due to its 
measurable vapor pressure at room temperature. 

H. FORMULATIONS 

During exploratory and development work with IPC, several methods 
for applying the herbicide to crops were evolved. Among the various 
types of formulations are wettable powders, dusts, granular formulations, 
and sprays prepared from emulsifiable concentrates. These formulations 
are applied for weed control during either the pre-emergence or post­
emergence period. 

Technical IPC having a minimum assay of 98% 's available from 
various sources. Emulsifiable concentrates are customarily available as 
0.4 lbs of IPC per imperial gallon, and 2 lbs and 3 lbs of IPC per U.S. 
gallon. Wettable powders are available as 75% and 50% IPC. In addition, 
a 95% dust-base product, a 10% pelletized IPC, a 10% granular IPC, and a 
3% IPC-gypsum base mix are commercially available. 

Emulsifiable concentrates and wettable powders are applied. to the 
crop or soil with appropriate spray type equipment. Granular and. other 
solid formulations are customarily applied by a broadcast type of opera­
tion, using either hand-operated or mechanically operated equipment. 
The granular or dry formulations are often quite applicable to crops 
grown in hot, dry climates where volatility of the IPC is a problem, or 
where liquid emulsions have proven too sensitive or toxic. 

II. ANALYSIS 

A. FORMULATION ANALYSIS 

1. REVIEW OF METHODS 

a. Hydrolysis Procedures 

IPC is susceptible to hydrolysis by both acids and alkalies to yield 
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carbon dioxide, isopropyl alcohol, and aniline. This hydrolysis reaction 
provides the basis for the analytical method generally used for deter­
mining the purity of the technical product and the IPC content of formu­
lations. In 1951, Gard described an analytical procedure based on the 
measurement of the carbon dioxide evolved during the hydrolysis. 

b. Total Nitrogen Analysis 

An approximation of the purity of the technical product, and to a 
lesser extent, the active ingredient concentration of formulations may be 
achieved by a total nitrogen analysis providing the associated components 
of the mixture contain no nitrogen-bearing compounds. A total nitrogen 
determination, however, is not a recommended method for determining 
the purity of the technical product or the active ingredient of formu­
latecl mixtures, although this approach may be used as an alternative. 

2. RECOMMENDED METHOD 

Hydrolysis methods are recommended for the analysis of the techni­
cal product and its formulations. Acidic hydrolysis and simultaneous 
collection of the liberated carbon dioxide during the reaction period is 
preferred (Gard, 1951), since the reaction is completed within 1 hour. 
In some cases, the hydrolysis is carried out in an alkaline environment 
under reflux conditions during an overnight reaction period. In this case, 
the carbon dioxide is collected chemically in the alkaline mixture as the 
carbonate during the hydrolysis step. At the termination of the hydrolysis 
period, the carbon clioxide is liberated from the mixture by dilute acid 
treatment and measured titrimetrically by the same procedure and in the 
same apparatus as used for the acidic reaction. 

The results ohtained by both acidic and alkaline hydrolysis proce­
dures indicate that the precision of the method is ± 0.05% carbon dioxide, 
or ± 0.20% expressed as lPC. The calculated accuracy of the method is 
99% or better. 

The complete analytical method as applied to the analysis of lPC 
is identical in all respects to that which is used for the analysis of CIPC 
formulations with the exception of the calculation. All of the principles, 
reagents, apparatus, and analytical steps as described in the chapter on 
ClPC (specifically the section on formulation analysis) may be applied 
without modification (see this volume). The formula for calculating the 
analytical results in terms of lPC is: 

% Isopropyl N-phenylcarbamate (IPe) 
ml of NaOH (net) X N X 0.08961 X 100 

Sample wt. 
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B. RESIDUE ANALYSIS 

Analytical methods for determining residue concentrations of IPC 
in treated crop samples fall into two gcneral categories: (4) those in­
volving hydrolysis techniques, either in cases where the IPC is extracted 
with an appropriate solvent, such as methylene dichloride or petroleum 
ether (Bissinger and Fredenburg, 1951; Gard and Rudd, 1953), or by 
direct hydrolysis of the sample without extractive treatment (Mont­
gomery and Freed, 1959; Gard and Ferguson, unpublished work); and 
(2) those involving instrumental measurement of the IPe directly on 
the sample extract without hydrolysis (Gard and Ferguson, unpublished 
work). 

The principle upon which the hydrolysis technique depends is 
that of making a colorimetric measurement of the aniline distilled from 
the sample or sample extract after alkaline or acid hydrolysis. The two 
methods for the color development are the (1) phenol.ammonia-hypo­
chlorite method described by Gard and Rudd (195:» and (2) the diaz­
otization-dye coupling method proposed by Montgomery and Freed 
(1959). 

The choice of an appropriate extraction technique and hydrolysis 
conditions for a particular product application is ind'eed difficult to 
predict and will vary from product to product, depending on the inherent 
interferences which exist with the product and which respond to the 
complete analytical method. Some control of the intcrference levels can 
be achieved through the use of one or the other of the spectrophotometric 
methods for the measurement of the aniline, or by making modifications 
in the hydrolysis or extraction steps. . 

The direct hydrolysis of the bulk of the sample without extnlctive 
separation of the IPe is confined exclusively to an alkaline hydrolysis 
treatment. Acidic hydrolysis results in serious charring and decomposition 
problems. In cases where the direct hydrolysis of the sample is applic­
able, the procedure to be followed would be the same as that applied to 
sample extracts. 

In view of the foregoing discussion, it is apparent that each crop or 
sample undertaken for IPe residue tests involves a considerable amount 
of exploratory and investigative work to ascertain the optimum analy­
tical conditions which yield nominal interference, or blank values, for the 
untreated sample; and, at the same time, provide reasonable and satis­
factory recovery values for IPe when added in known amounts to 
portions of the untreated control samples. 

The analytical methods for determining microamounts of IPe as 
residue in crop samples are identical in all respects to those for deter-
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mining eIPe in similar crop samples excepting the wavelength at which 
transmittance measurements are made for the diazotization dye-coupling 
method (555 m/,) and the calculation. Refer to Volume II. for a discus­
sion of the principles of the method, reagents, apparatus, and experi­
mental procedure. Aniline is the hydrolysis product of IPe and must be 
substituted in the discussion for 3-chloroaniline referred to in the 
chapter on eIPe. The formula for calculating the IPe residue in crops is: 

IPe = mg of aniline X 1. 94 X 1000 
p.p.m. Sample wt. 
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Maleic Hydrazide 
J. R. LANE 

I. GENERAL 

A. EMPIRICAL FORMULA 

C,H,O,N, (Mol. wt. 112). 

B. ALTERNATIVE NAMES 

MH, 6-hydroxy-3-(2H)-pyridazinone. MH is the registered trade­
mark of the U. S. Rubber Company. 

C. SOURCE OF ANALYTICAL STANDARD 

Naugatuck Chemical Division, U. S. Rubber Company, Elm Street, 
Naugatuck, Connecticut. 

D. BIOLOGICAL PROPERTIES 

TI,e following data are taken from Zukel (1957); 
Prevents growth of suckers on tobacco plants. 
Retards grass growth along highways, airfields, in unused areas. 
Prevents sprouting of potatoes and onions in storage. 
Stops runner growth of strawberries to increase yield. 
Extends life of cut roses. 
Slows down tree growth under utility lines. 
Reduces frost damage to citrus trees. 
Plant processes affected by maleic hydrazide include photosynthetic 

activity, osmotic pressure, a resistance to wilting, and reduced water loss 
by transpiration. 

Maleic hydrazide ion is absorbed by an aqueous route through the 
147 
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leaf cuticle from both the upper and lower surfaces of the leaf and moves 
slowly through the cuticle and mesophyll but freely through the phloem, 
Translocation appears in both an upward and downward direction from 
the point of application, Maleic hydrazide inhibits cell di"sion without 
affecting cell expansion. 

E. lbSTORY 

Maleic hydrazide was first synthesized by Curtius and .Foesterling 
( 1895). Its use as a plant growth regulant and herbicide was discovered 
by Schoene and Hoffmann (1949) in the laboratories of the Naugatuck 
Chemical Division of the U. S. Rubber Company. The commercial pro· 
cess for manufacturing this chemical is described by Harris and Schoene 
(1951). The uses and applications of maleic hydrazide and its derivatives 
are described by Hoffmann and Schoene (1952), Zukel and Harris 
(1952), and Schoene and Zukel (1957) in patents aSSigned to the U. S. 
Rubber Company. 

F. PHYSICAL PRoPERTms 

Maleic hydrazide is a white, nonvolatile crystalline solid (M.P., 
298'C). The solubility of maleic hydrazide at 25'C is 2.4 gm/100 gm of 
dimethylformamide and < 1 gm/l00 gm of solvent in: water, ethanol, 
acetone, and xylene. ! 

The compound has an acidity comparable to acetic acid and readily 
forms salts with basic materials. 

Maleic hydrazide salt of: 

Diethanolamine 
Potassium 
Sodium 

G. CHEMICAL PROPERTIES 

Solubility in Water at 2.5'C 
(gm/IOO gm solution) 

70 
40 
20 \ 

In the method of synthesis developed by Harris and Schoene (1951) 
maleic anhydride and a mineral acid salt of hydrazine are reacted in a 
slightly 'acidic, aqueous solution. Maleic hydrazide precipitates. 

Maleic hydrazide is comparable in acidity to acetic acid and forms 
neutral water soluble salts with a variety of basic substances. It is very 
stable as a dry solid or in acidic, neutral, or basic aqueous solution. 
Boiled in 50% aqueous sodium hydroxide solution, it is unchanged. How· 
ever, the addition of zinc granules reduces maleic hydrazide to succinic 
hydrazide which is easily hydrolyzed in aqueous caustic liberating hydra. 
zine. Heating small quantities of maleic hydrazide several hours in 
concentrated sulfuric acid produces hydrazine sulfate. 
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II. FORMULATION 

MH-30 is a water-soluble liquid containing the diethanolamine salt 
of maleic hydrazide equivalent to 30% maleic hydrazide. One gallon con­
tains 3 pounds as maleic hydrazide. 

II. ANALYSIS 

A. FORMULATION ANALYSIS (MH·30) 

1. RECOMMENDED METHOD FOR THE ANALYSIS OF :MIl-30 

a. Principle of the Method 

MH-30 is a solution of an amine (diethanolamine) salt of maleic 
hydrazide in water. The maleic hydrazide content is determined by 
titration with alcoholic sodium hydroxide using an alcoholic medium to 
repress the ionization of the amine solvent during the titration. 

b. Reagents 

Ethanol, anhydrous 2-B or 3-A. 
Sodium hydroxide, standard 0.1 N alcoholic solution. 

c. Apparatus 

Erlenmeyer flasks, 250-ml. 
Burettes, 50-ml. 

d. Procedure 

i. Sample Preparation. 

Weigh 1 to 2 gm of the sample on an analytical balance into a 250-
ml Erlenmeyer flask and add 150 ml of anhydrous ethanol. Titrate with 
N /10 NaOH to the thymophthalein end point (colorless to blue). 

ii. Calculation. 

01 1\.1 I' h d 'd Ml of KaOH X normality X 11.2 
/0 a me y raZl e = . . Sample Weight In grams 

B. RESIDUE ANAl.YSIS 

1. REVIEW OF METHODS 

The original test for the determination of maleic hydrazide residues 
was developed by Wood (1953). The test consisted of boiling micro­
quantities of maleic hydrazide in strong potassium hydroxide solution, 
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containing granular zinc as a reductant. Under these conditions, hydra_ 
zine is quantitatively liberated, steam-distilled with nitrogen gas and 
trapped in an acidic solution of p-dimethylaminobenzaldehyde. A SpeCial 
compact distillation apparatus was designed to insure maxi,lUm recovery 
of hydrazine. 

To overcome problems of excessive foaming and high interference 
encountered in some crops with Wood's (1953) original procedure, Lane 
and his co-workers (1958) modified the apparatus and employed a base­
line technique type of calculation. Expansion of the revised method 
produced Method G-1l4-A (Lane, 1960) sufficiently detailed to provide 
a working laboratory procedure for most crops. An AOAC collaborative 
study of this method by five laboratories (Lane, 1963) showed fine re­
producibility of analysis. 

2. RECOMMENDED i\1ETHOD--METHOD G-114-A 

a. Principle 

In this method (Lane, 1960) the sample is submitted to a caustic di­
gestion to drive off volatile interferences. Addition of granular zinc fol­
lowed by distillation expels the hydrazine liberated from the maleic 
hydrazide by the combined action of the zinc and caustic. The hydrazine 
is swept out in a stream of nitrogen gas and is reacted 'in an aqueous acid 
solution of p-dimethylaminobenzaldehyde forming a yellow color which 
is measured spectrophotometrically. 

b. Reagents 

DAB reagent. Dissolve 2 gm of p-dimethylaminobenzaldehyde in 100 
ml of 1 N H,SO,. The reagent is stable. 

Ferrous chloride, A.R., FeCI,·4H,O (greenstone chips-do not use 
rust-brown or yellow chips). 

Grease, high-vacuum (silicone), Dow-Corning. 
Hydrochloric acid, ca. 1 N solution. 
Sodium hydroxide pellets, A.R. 
Paraffin wax, household. 
Zinc, granules, lO-mesh. 

c. Apparatus 

Maleic hydrazide distil/n,tion apparatus (Wood, 1953), equipped 
with 300-ml distillation flasks, double-thickness with thermometer well. 
(Obtainable from Nlacalaster Bicknell Company, 181 Henry Street, New 
Haven, Connecticut.) 

Tank of dry nitrogen, with a Hoke pressure valve. 
Spectrophotometer, Beckman Model DU, equipped with I-em cells. 
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centrifuge tubes, conical, beaded rim, 5O-ml, graduated in 1-ml 

divisions. 
Wire gauze squares, 5-inch with 4-inch diameter asbestos center. 
Theruwmeters, 90--220°C (Tinius Olsen No. 718636, yellow bak 

(or equivalent). 
JIot plate, electric, Chromalox, Hevi Duty or equivalent. 
Ring, extension, cast iron with 4.5 inch J.D. 

d. Experimental Procedure 

i. Processing of Samples. 

For watery crops homogenize the whole sample to a soup in a 
blender. To store for a period of time retain ca. 200 gm of the homog­
enate in a sealed jar below DoC. For root crops and others which grind 
with difficulty, chop into small pieces with a knife, and add a measured 
10-25% H,O as required to facilitate homogenation. To process a sample 
containing a number of large specimens, take two diagonally opposite 
eighth sections from each specimen for homogenization to reduce 
volume requirements. For a large sample of small specimens, a ran­
domly selected subsample is adequate. To analyze a frozen homogenate, 
thaw completely and mix well before sampling. 

ii. Procedure. 

Transfer a sample of the ground crop (see Table I) to a 300 ml 

TABLE I 
ANALYTICAL SPECIFICATIONS FOR INDIVIDUAL CROPS 

Sample 
weight Precook 

Crop gm temperature Antifoam agents 

Apples 5 100°C 0.5 gm wax after precook 
Cranuerries 8 18UoC 0.5 gm wax + 10 drops Antifoaro A after pre-

cook 
Grass root dust 1 1600C 0.5 gm wax + 2 drops Antifoam A before pre-

~m()n juice 
cook 

50 160°C O. 5 gm wax aft;('f precook 
LeDlon skins 8 160°C 0.5 gm wax after precook 
Onions 3 160°C 10 drops Antifoam A 
Peaches 5 160°C 1 gm wax + 10 drops Antifoam A after pre-

Potatoes 
cook 

Potato chips 
2 160°C 1 Illl 'Vesson oil before precook 

160°C None 
Tobacco dust 160°C :3 grn wax + 10 drops Antifoam A before pre-

T'i\ig dust 
cook 

3 16UoC O. 5 gm wax after precook 
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distilling flask. Dry the socket neck joint and add 50 gm of NaOli 
pellets, 40 ml of distilled water, and ll11tifoam agents as indicated in 
Table 1. Add 1 ml of a nonvolatile mineral or silicone oil to the ther­
mometer well and insert the thermometer. Heat the fla,sk on a high 
temperature hot plate and swirl every 30 sec until the pellets dissolve 
and steady boiling begins. When the temperature reads 160°C (cran­
berries, 180°C; see Table I), remove the flask and let cool 5 min. Wipe 
the socket joint clean, dry, and add 0.5 gm of ferrous chlor,ide and 4 ml 
(5 gm) of zinc granules. 

Quickly grease the socket joint with a light film of bigh-vac silicone 
grease and attach the Bask to the apparatus (Fig. 1). Center the flask 
firmly on an asbestos impregnated 5-inch iron gauze square secured by 
a support ring. Place 4 ml of DAB reagent in a 5O-ml centrifuge tube 
(ice-cooled) and immerse the condenser tip. Adjust the nitrogen flow 
to produce 3 bubbles/sec in the receiver. With a rapid flow of con­
denser water, heat the flask with a Bunsen burner, centering the tip 
of the outer cone of the flame on the iron gauze. 1-Vhen boiling begins, 
adjust the distance of the burner, so the foaming contents fill ca. 75% 
of the flask. Distill until the thermometer reads 173°C; then (while dis­
tillation continues) slowly add water from the reservoir until the 

Nifrogen 

300ml 
double thickness 

distilling flask 

Ice" water ---

I 

50ml 
centrifuge 

tube 

FIc. 1. Maleic hydrazide distillation apparatus. 

\ 
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temperature drops to 168"C. Discontinue the water addition and allow 
distillation to proceed until the temperature again reaches 173°C. 
Continue the water addition and distillation in this manner until the 
receiver contains 40 rol. Remove the receiver tube. 

Note: If, during the distillation, the aqueous contents of the rcceiver 
become turbid or a slight precipitate appears, the addition of one to two 
drops of cone. H,SO, will make the solution crystal clear again. Where 
wax is found in the distillate, it is removed by filtering the distillate 
through a coarse-porosity sintered-glass funnel before making absorbance 
measurements. 

Record the volume of distillate obtained and measure the absorbance 
in l-cm cells on a Beckman Model DU Spectrophotometer at 430, 460, 
and 490 miL, using as reference 4 ml of DAB reagent diluted to 40 ml 
with distilled water. Determine the net absorbance (see Section 
II,B,2,d,v) . 

When the distillation has been completed, remove the hot distilling 
flask from the apparatus with heat-resistant gloves, place on a bench top, 
remove thermometer, and seal the well with a small cork. Rinse the 
nitrogen-water inlet tube free of caustic with dilute hydrochloric acid, 
followed by water. Then (wearing heat-resistant gloves and safety 
glasses) pour out the molten contents of the distilling flask into an iron 
can in the sink to trap the zinc granules. Rinse the emptied flask three 
times with water and pour the water rinses into the zinc trapping 
can. Then rinse the flask two times with dilute hydrochloric acid to 
loosen any remaining encrusted caustic and zinc granules, fill with 
dilute hydrochloric acid and let stand until the next use. Then rinse 
with water several times before use. 

Note: Careful removal of all zinc with HCI from every flask after 
each distillation is absolutely necessary because any residual zinc will 
cause undesired destruction of maleic hydrazide in the caustic 
precook of the next analysis. Due to the etching effect of the boiling 
sodium hydroxide solution on the inner walls of the flask, a flask may be 
expected to last approximately 30 distillations before a leak develops 
in the wall of the flask or of the thermometer well. In either case, the 
flask must be thrown away. 

iii. Standard Solution. 

Dissolve 0.010 gm of purified maleic hydrazide in 1000 ml of 
0.01 N NaOH to obtain 10 p.g of maleic hydrazide per ml of solution. 

iv. Standard Curve. 

To clean 300 ml distilling flasks add 50 gm of NaOH pellets, 40 ml 
of clear water, and standard solution (iii) equivalent to 0, 5, 10, 20, 30, 
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50, 100, 150, and 200 /Ag of maleic hydrazide. Prccook, distill, and 
measure the absorbance as in Section B,2,d,ii. 

Determine the net absorbance for each standard analysis (Section 
B,2,d,v) , and plot the net absorbance against ILg of maleic hydraZide to 
obtain the standard curve (Fig. 2). 

v. Calculation. 

The net absorbance of each analysis is determined by: 

_ Ab _ Abs.43ij In" + Abs'490 m" X Total ml. of color solution Net absorbance ( ) 
- 8.460 In" 2 40 

To determine the fLg of maleic hydrazide, compare the net absorbance 
to the standard curve. 
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Flc. 2. Recovery curve of disWJed maleic hydrazide slandards. 

. 0-
From the slope of the standard curve (i.e., net absorbance vs. Ollcr 

quantity of maleic hydrazide) a factor is derived for converting .the 
information from the standard curve into a simple general equatloD. 
From the standard curve: 

Micrograms = Ket absor bance X KCacoD3unL) 

for any pOint along the straight line curve and transposing; 

lZ) 
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K = Micrograms 
Net absorbance 

155 

(2a) 

The K thus obtained may be multiplied by the net absorbance [Eq. (1) 1 
found in any analysis to give micrograms of maleic hydrazide [Eq. (2) 1 
and the micrograms found divided by the sample weight in grams equal 
parts per million. 

f M I . h d'd Micrograms (") p.p.m. 0 a elC y raZI e = Sit . 0 
amp e w . III grams 

vi. The Corrected Starulard Curve arul Factor for Crops. 

For rapidity of analysis, some laboratories prepare a so-called cor­
rected standard curve, i.e., a curve similar to the Standard Curve (iv) 
in which every standard analysis also contains the recommended weight 
of the crop and antifoam agents (Table I). The curve thus obtained 
incorporates correction for percent recovery in the slope, making supple­
mentary recovery data usually unnecessary. 

The factor K is obtained from tbe slope of the curve as under Stand­
ard Curve (iv). In a collaborati"e study for maleic hydrazide residues 
(Lane, 1963) five independent laboratories showed close agreement in 
the preparation of the standard curve as well as of a corrected curve 
for white potatoes. The latter averaged 85% recovery in the 5-150 I'g 
range when compared to the standard curves. 

3. APPLICABILITY OF RECOMMENDED METHOD TO DIFFERENT CROPS 

OR FOOD MATERIALS 

Using one or more of the Analytical Specifications described in 
rable I, almost any crop or animal tissue is analyzable. 

4. DISCUSSION OF METHOD 

Under tbe analytical conditions described in Section II,B,d,ii, all 
CfOpS produce a single weak pink or red interference coloration, whereas 
maleic hydrazide produces a yellow coloration. By the base line tecb­
nique employed, the calculation automatically equates the interfering red 
coloration essentially to 0 p.p.m. as shown by Lane and co-workers 
(1958) while at the same time giving a true value of the maleic hydra­
Zlde residue present. Interference from untreated samples of most crops 
(calculated as parts per million of maleic hydrazide) fall within the 
range of -1 to +1 p.p.m. All net absorbance data need only be com­
Pared to the primary standards curve if treated samples are corrected for 
Per cent recovery as determined by tbe analysis of fortified samples. 
b Five parts per million of maleic bydrazide is quantitatively reCOver­

a Ie from most crops (as determined by fortified samples) where a I-gm 
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sample is used for analysis. Where sample size is 10 to 50 gm, 1 p,p.m. 
may be quantitatively determined. Recoveries of 80 to 100% are obtained 
consistently from all crops fortified with 5 to 200 p.p.m. An experienced 
analyst can complete ten analyses in a day by weighing an" precooking 
all samples, distilling one after another and finally making all absorbance 
measurements and calculations. 

Wrapping the distilling ann of the apparatns tightly in asbestos 
gauze ribbon insulates the distilling hydrazine-steam from heat loss and 
condensation prior to reaching the cold condenser. More consistent and 
some\vhat higher recoveries of maleic hydrazide are obtained. 

The p-dimethylaminobenzaldehyde color reagent forms a yellow dye 
(similar to that formed with hydrazine) with certain caustic distillable 
basic materials such as aniline, the mononitroanilines ancI monosub~ 
stituted hydrazines. Unless removed hy caustic precook, these materials 
or their formation or liberation by the action of aqueous caustic on other 
pesticides containing such groups as a portion of the molecule will indi­
cate a false high maleic hydrazide residue content. 

5. MODIFICATION OF METHOD 

Anglin and Mahon (1958) also noted certain inadequacies in the 
original method of Wood (1953) and modified the method by discarding 
the cook, utilizing a completely different type of distillation apparatns 
and a technique of solvent extraction for the removal of certain inter­
ferences from the distillate. 

REFERENCES 

Anglin, C., and Mahon, J. H. (1958). ]. Assoc. Offic. Agr. Chemists 41, 117-~82. 
Curtius, Th., and Foesterling, H. A. (1895). J. Praktische Chern. 51, 371. \ 
Harris, W . .0., and Schoene, D. L. (1951). U. S. Patent 2,575,954 assigne~ to 

U. S. Rubber Company. \ 
HoHmann, O. L., and Schoene, D. L. (1952). u. S. Patent 2,614,916 assigned \to 

United States Rubber Company. 
Lane, J. R. (1960). "Maleic Hydrazide Residues," Method G-1l4-A. Naugatuck 

Chemical, Division of U. S. Rubber Co., Naugatuck, Connecticut. 
Lane, J. R. (1963). ]. Assoc. OfJic. Agr. Chemists 46, 261-268. 
Lane, J. R., Gullstrom, D. K., and Newell, J. E. (1958). J. Agr. Food Chern. 

6, 671. 
Schoene, D. L., and Hoffmann, O. L. (1949). Science 109, 588-590. 
Schoene, D. L., and Zukel, J. W. (1957). U. S. Patent 2,805,926 assigned to U. S. 

Rubber Company. 
Wood, P. R. (1953). Anal. Chern. 25, 1879. 
Zukel, J. W. (957). "A Literature, Summary on Maleic Hydrazide," MHIS­

No.8. Naugatuck Chemical, Division of U. S. Rubber Co., Naugatuck, 
Connecticut. 

Zukel, J. W .. and Harris, W. D. (1952). U. S. Patent 2,614,917 assigned to United 
States Rubber Company. 



-16~ 

Monuron, Diuron, and N eburon 
w. K. LOWEN, W. E. BLEIDNER, J. J. Knua.AND A"D H. L. PEAsE 

1. GENERAL 

A. MONURoN-3- ( p-CHLOROPHEN"fL ) -1,I-DlMETH"fLVREA 

H 0 

CI-o-~- ~-N-(CH3)' 

1. EMPIRICAL FORMULA 

C,HuON,CI (Mol. wt. 198.7). 

2. ALTERNATIVE NAMES 

CMU, N-p-chlorophenyl-N' -N' -dimethylurea. 

B. DIURON-3- ( 3,4-DICHLOROPHENYL) -1,I-DIMETH"fLVREA 

1. EMPIRICAL FORMULA 

C,H"ON,CI, (Mol. wt. 233.1). 

2. ALTERNATIVE NAME 

DCMU, N-3,4-dichlorophenyl-N'-N'-dimethylurea. 

C. NEBURON-I-n-BuT1CL-3- (3,4-DICHLOROPHEN"fL) -1-METH"fLVREA 

Cl 

I II / -b-H 0 CH,CH,CR,CH, 

Cl N-C-N 
"­CH, 

1. EMPllIICAL FORMULA 

C"H"ON.Cl, (Mol. wt. 275.2)_ 

157 
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2. ALTEI\NATlVE NAME 

N -3, 4-dichloropheny 1-N' -n-butyl-N' -methylurea. 

D. SOURCE OF ANALYTICAL STANDARD 

The herbicidal compounds monuron, cliuTon, and neburon, are manu­
factured by E. 1. DuPont de Nemours and Co., Inc., Industrial and Bio­
chemicals Department, Wilmington, Delaware. 

E. BIOLOGICAL PROPERTIES 

The mammalian toxicity of these herbicides is low: The LD,,' s to 
rats are in the range of 3,000-4,000 mg/kg; they are not primary skin 
irritants, and they produce no allergic skin reactions. 

F. PHYSICAL AND CHEMICAL PROPERTIES 

These phenyl alkyl ureas are only sparingly soluble in hydrocarbons. 
They are stable toward oxidation and hydrolysis under normal conditions, 
but at elevated temperatures they can be hydrolyzed quantitatively. 
Much of their analytical chemistry is based on the latter reactions. 
Monuron can be prepared by the reaction of p-chlorophenyl isocyanate 
with dimethylamine (Bucha and Todd, 1951). 3,4-Dii!hlorophenyl iso­
cyanate reacts with dimethylamine to give diuron. Neburon is synthesized 
by reacting 3,4-dichlorophenyl isocyanate with methylbutylamine. 

The following tabulation gives the melting points and water solu­
bilities of the individual compounds: 

M.P. Solubility, p.p.m. 

Monuron 176-177°C 230 

\ Diuron 158-159°0 42 
Neburon 101.5-103°C 5 

G. FORMULATIONS \ 
These herbicidal compounds are available as wettahle powd~r 

formulations (50-80%). In addition, diuron is marketed as a 28$ aqueous 
suspension. 

II. ANALYSIS 

A. FORMULATION ANALYSIS 

1. REVIEw OF METHODS 

Formulations of monuron, cliuron, or neburon can be assayed by a 
variety of methods. Because of the large number of chlorine-containing 
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pesticides on the market, methods based on total organic chlorine are 
not preferred. In well-denned systems, ultraviolet absorption of a meth­
anol extract, or infrared absorption of an appropriate extract or of a 
potassium bromide disk (Kirkland, 1955) can be employed. However, 
the determination of fragments formed during quantitative hydrolysis 
(Lowen and Baker, 1952) is most generally applicable for assaying 
monuron, diuron, or neburon formulations. 

Hydrolysis proceeds according to the following general reaction: 

X 

-O-H 0 CH 85% H3P04 
I II I 3 or 

Cl N-C-N-Y 
10% KOH 

X 

C1-O-NH, 
where X = H or Cl and Y = -CH" or -G,H" 

9H3 
+ CC\ + H-N-Y 

The aliphatic amine thus formed can be distilled into a standard acid 
trap and the excess acid back-titrated. Similarly, the substituted aniline 
can be extracted into chloroform, and titrated directly with standard 
perchloric acid in glacial acetic acid. Other compounds which hy­
drolyze to give volatile and/or extractable bases interfere, but generally 
one of these approaches can be employed successfully. If both are 
equally applicable, hydrolysis in potassium hydroxide and determination 
of the aliphatic amine formed is preferred. 

2. RECOMMENDED METHOD-ALIPHATIC Al\fI~E PROCEDURE 

a. Reagents 

pH meter, Beckman Model H-2 or equivalent. 
Sulfuric acid, standardized 0.1 N. 
Sodium hydroxide, 0.1 N standardized. 
Glycerol, USP or Reagent Grade. 
Potassium hydroxide, 20% aqueous solution of Reagent Grade. 
Silicone Defoamer, DC Antifoam A, Dow-Corning Corporation, 

Midland, Michigan. 

b. Apparatus 

Hydrolysis apparatus, Fig. 1. 

c. Procedure 

i. Sample Preparation. 

Assemble the hydrolysis apparatus. Add 50 ml of 0.1 N H,SO" ac­
curately measured from a burette, and 50 ml of methanol to the conden­
sate beaker. Transfer an accurately weighed portion of the sample, 
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CONDENSER 
A 
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CONDENSER 
B 

Flc. 1. Apparatus for hydrolyzing monuron, diurOD, and Deburon formulations. 

containing 0 .5 to 0.6 gm of the active ingredient, into the round-bottom 
flask. Add 15 ml of ethanol and swirl to disperse the sample. Add 100 m! 
of glycerol, several drops (6-8 ) of silicone defoamer, one or two boiling 
chips and 100 ml of 20% KOH solution, and immediately attach the 
reaction :Bask to condenser A. With cooling water :Bowing through each 
condenser independently, reflux the mixture for 3.5 hours. 

Remove the cooling water from condenser A and distill the vapors 
into the standard acid trap until the pot temperature reaches 175°C. 
Adjust the heating rate so that this temperature is attained in 1.5 to 2.5 
hours. Rinse condenser B and the connecting tube with methanol fol­
lowed by distilled water, adding the rinsings to the beaker trap. Titrate 
the contents of the beaker with 0.1 N NaOH solution using a pH meter 
with glass-calomel electrodes, and determine the end point by a differ­
ence method rather than graphically. 

ii. Calculations. 

o/c Monuron = 19.87 X (rnl RCI X N Rcl) - (ml. NaOH X NN~oH) 
o Sample wt. 10 gm 



16. MONURON, DllJRON, AND NEBURON 161 

o/c Diuron ~ 23.31 X (ml HCI X N RCl) - (mlNaOH X NNaOH) 
o Sample wt. m gm 

o/c Neburon ~ 27.52 X em} HCI X NuCI) - emlNaOH x NNaOH) 
o Sample wt. III gm 

d. Discussion 

The standard deviation of this procedure, based on the repeated 
analysis of a single sample on different days by different individuals, is 
about + 1%, relative. Volatile, basic materials interfere with this method, 
as do compounds which yield volatile bases under these hydrolysis 
conditions. 

3. RECOMMENDED METHOD--AROMATIC AMINE PROCEDURE 

a. Reagents 

Phosphoric acid, 85% Reagent Grade. 
Chloroform, Reagent Grade. 
Sodium hydroxide, 20%. 
Hydrochloric acid, 3 N. 
Phenolphthalein indicator solution. 
Shaved ice. 
Glacial acetic acid, Reagent Grade. 
Perchloric acid in acetic acid, 0.1 N. Mix 8.5 ml of 72% perchloric 

acid (Eastman·White Label) with 300 ml of glaCial acetic acid and add 
20 ml of Reagent Grade acetic anhydride. Dilute to 1 liter with glaCial 
acetic acid and allow to stand overnight to permit complete reaction of 
the acetic anhydride with the water present. Standardize by titrating, as 
described under "Procedure," against primary standard potassium acid 
phthalate (eq. wI. = 204.22), dissolved in 50 ml of glacial acetic acid 
and 25 ml of chloroform. 

b. Apparatus 

pH-millivolt meter. Leeds & Northrup line operated pH-indicator, 
or equivalent. 

Electrodes, glass, methanol modified calomel, 211," sizes. The calomel 
electrode is a ground-glass s1eeve type in which the aqueous potassium 
chloride is replaced with saturated methanolic potassium chloride. 

Magnetic stirrer and stirring bar. 

c. Procedure 

i. Sample Preparation. 

Weigh sufficient sample to contain 1.0-1.5 gm of the active in-
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gredient into a 100-ml flask, add 10 ml of 85% H,PO,: connect a con­
denser to the flask and bring to a gentle boil. Continue to reflux for 3 
hours. Cool and dilute to about 25 ml with distilled water. 

Transfer the dilute hydrolyzate to a 500-ml separatory.funnel con­
taining 200 ml of shaved ice. Add about 25 ml of ice water, a drop of 
the phenolphthalein indicator, and neutralize by adding cold 20% NaOH 
in small increments. Add an additional 10 ml of 20% NaOH. Extract 
this cold, alkaline solution with one 25-ml portion of chloroform, fol­
lowed by four 15-ml portions. Collect the chloroform phases in a 100-ml 
volumetric flask and dilute to volume. Pipette 25 m! of this solution into 
50 ml glacial acetic acid contained in a 125-ml beaker. Add a magnetic 
stirring bar and place the beaker on stirrer platform. Immerse the elcc­
trodes, titrate with standard perchloric acid, and determine the end point 
graphically or by calculation. 

ii. Calculations. 

% Monuron ~ 19.87 X m! perehloric acid X N HCIO. X 4 
Wt. sample In gm 

% Diuron ~ 23.31 X m! perchl,oric acid X NmJlo. X 4 
o W t. sample III gm 

I 
d. Discussion 

The standard deviation of this method is approximately ±2% rela­
tive. Basic substances which can be extracted from aqueous medium by 
chloroform interfere with this technique, as do materials which yield such 
compounds when refluxed with phosphoric acid. In the event of such 
interferences, gas chromatographic resolution of the extract provides 
an unambiguous, but somewhat less precise method for analyzing. the 
extract. The method is not suitable for precise assay of neburon, beca'use 
small amounts of n-butyl methylamine are extractable with the aroma~c 
amine. 

B. RESIDUE ANALYSIS \ 
1. REVIEW OF METHODS 

Residues of monuron, diu ron, or neburon are readily determined 
by hydrolysis to the corresponding aromatic amines, which are isolated 
from the substrate by distillation and determined colorimetrically (Bleid­
ner et al., 1954), or by gas chromatography (Kirkland, 1962). Monuron 
yields p-chloroaniline (PCA), whereas 3,4-clichloroaniline (DCA) is 
obtained from diuron or neburon. These two anilines can be distinguished 
using liquid partition chromatography (Bleidner. 1954; Pease, 1962) or 
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by gas chromatography (Kirkland, 1962) . Thus, monuron-diuron or 
monuron-neburon mLxtures can be resolved and determined independ­
ently. However, if mixtures of dimon and neburon are encountered, only 
the total can be determined. 

2. RECOMMENDEP METHO~OLOruMEnuc DETERMINATION 

a. Reagents 

Sodium hydroxide, 2(Ytf;. 
n-H exalle, acid-washed. 
Dow-Coming Antifoam A. 
p-Chloroaniline and 3,4-dichloroanUine, recrystallized from 70~ 

ethanol. 
II ydrochlO'l'ic acid, 1 N. 
Glacial acetic acid. 
Sodium nitrite solution, 2%. 
Sulfamic acid solution, 10%. 
N- (I-Naphthyl) ethylenediamine d'ihydrochloJ'ide, 2X solution. 
What1l1an cellulose powder, 200 mesh, asbless. 

b. Special Apparatus 

Distillatio1l-extraction apparatus, see Fig. 2. 

5 Omm 

111III--+--2mm lD. 
CAPILLARY 

254mm 

FIC. 2. Distillation-extraction apparatus for determining monuron, diuron, and 
neburon residues. 
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Monel metal flask, 2-liter round bottom. 
Spectrophotometer. 
Cellulose powder chromatographic column. Tightly pack dry What· 

man cellulose powder by tamping into a 24 inch length of ~-mm O.D. 
glass tubing to a height of 20 inches. Use a penicillin assay disk as a 
packing support at each end of the column. 

c. Experimental Procedure 

i. Sample Preparation. 

Extraction of manurOD, diufon, or neburoD residues is generally not 
applicable. The intact sample is introduced into the hydrolysis flask, 
where it is disintegrated. It is advisable to dice animal or plant tissue 
into V. to v" inch cubes, but soil samples can be analyzed directly. While 
elaborate sample preparation is unnecessary, careful subsampling is 
required. 

it Colorimetric Determination. 

(a) Hydrolysis and isolation of aniline.' Place 100 to 500 gm of the 
sample in a 2-liter Monel metal flask; add several boilirtg chips, two 
teaspoons of Dow-Corning Antifoam A, and approximat~ly 1000 ml of 
20% NaOH. Fill the U-tube of the extraction apparatus to the level of the 
lower arm with distilled water, and attach the metal flask to the lower 
arm. Add 500 ml of acid-washed hexane to a I-liter round-bottom flask, 
and attach to the upper arm. With a 24-inch water-cooled condenser in 
position, apply heat to both flasks at such a rate that approximately equal 
volumes of condensed hexane and water pass down the capillary. Allow 
the digestion-extraction to proceed for 12 hours. 

At the completion of the digestion-extraction period, cool the hexane, 
and transfer it to a l-liter separatory funnel, using several washings of 
acid-washed hexane. Extract the aromatic amines with six l5-ml por­
tions of 1 N HCI. Collect the extract in a 100-ml volumetric flask, and 
dilute to volume with the 1 N acid. 

(h) Determination. Transfer an aliquot of the aromatic amine ex­
tract, containing from 3 to 80 I'g, to a 50-ml volumetric flask; and dilute 
to about 35 ml with 1 N HCI. Add 5 ml of glacial acetic acid, develcp 
the color by diazotizing and coupling as described under «Calibration," 
and dilute to volume with 1 N acid. Transfer 25 ml of the colored solu­
tion to a cellulose powder column and «develop" with five 250-ml portions 

1 Alternatively, the digestion-stearn-distillation procedure suggested by Young 
and Gortner (1953) can be used. Their method requires less specialized equipment 
and elapsed time but more analyst's time. 
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of 1 N HCI, using suction to obtain a reasonable How rate. Dyes obtained 
from naturally occurring interferences separate almost immediately, 
moving ahead of the p-chloroaniline and/or 3,4-dichloroaniline dyes, and 
washing through the column during development. The dye from mon­
uron progresses to the lower half of the column, and the dye from diuron 
or neburon is retained in the upper portion of the column. 

Drain the column, remove the suction, and cut the column to 
isolate the desired dyes. Insert new penicillin disks in the shortened 
sections, and elute the dye by passing 15 to 20 ml of a 1:1 (v/v) mix­
ture of 1 N HCI and glacial acetic acid through the column. Collect the 
colored solution in a 25-ml volumetric flask and dilute to volume with 
the 1: 1 mixture. Measure the absorbance at 560 m" in I-em cells, using 
distilled water as the reference solution. Determine the number of 
micrograms of chlorinated aniline from the appropriate calibration curve, 
and calculate: 

p.p.m. :\1:onuron ~ 

p.p.m. Diuron = 

p.p.m. NeburDn ~ 

iii. Calibration. 

(~g of p-chloroaniline)(100) (1.56) 
(wt. sample in gm)(aliquot in ml) 
(~g of 3,4-dichloroaniline) (100) (1.44) 

(wt. sample in gm)(aliquot in ml) 
(~g of 3,4-dichloroalliline) (100) (1. 70) 

(wt. sample in gm)(aliquot in ml) 

Prepare standard solutions containing 5 "g of p-chloroaniline or 3,4-
dichloroaniline per milliliter of 1 N HC!. Transfer aliquots containing 
from 5 to 80 p.g of chlorinated aniline to separate 50-ml volumetric flasks, 
dUute each to approximately 35 ml with 1 N acid, and add 5 mlof glaCial 
acetic acid. Pipet 1 ml of 2% sodium nitrite solution into each flask, mix, 
and allow to stand at room temperature for 15 minutes. Destroy any 
excess nitrite by adding 1 ml of 10% sulfamic acid solution, mixing, and 
allowing to stand for 10 minutes. Add 2 ml of 2% N-( I-naphthyl)-ethyl­
enediamine dihydroehloride solution, measured by a pipette; dilute to 
volume with 1 N HCI; mix, and allow 15 minutes for full color develop­
ment. 

Determine the absorbance of each solution at 560 m" using l-cm 
cells and distilled water as the reference solution. Plot absorbance vs. 
chloroaniline concentration expressed as micrograms per 50 ml. 

d. Discussion 

This procedure has been applied successfully to soils, and to a wide 
variety of plant and animal tissues. Quantitative recoveries have been 
conclusively demonstrated at levels of 0.05 p.p.m. to at least 20 p.p.ill. 
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in avocados, lemons, olives, grapefruit, apples, pears, oranges, pineapple, 
raspberries, gooseberries, blueberries, grapes, strawberries, wheat, grain, 
sorghum, corn, alfalfa, lotus hay, pasture grasses, tomatoes, asparagus, 
spinach, sweet corn, broccoli, radishes, peanuts, potatoes, cd:ery, beans, 
peas, onions, beets, soybeans, sugar cane, refined sugar, molasses, cotton­
seed oil, milk, butterfat, chicken, beef, pork, dog, rat, and quail tissue. 
In certain substrates, such as cane sugar, the sensitivity has been ex­
tended to the parts-per-billion range. 

The cellulose column partition step eliminates interferences obtained 
from naturally occurring substances, and the only contaminants which 
interfere with this procedure are those which give primary aromatic 
amines with R/s closely approaching those of p-chloroaniline or 3,4-
dichloroaniline on the cellulose column. Aniline, or compounds which 
hydrolyze to aniline, do not interfere. Unless contamination is suspected, 
it is unnecessary to run check determinations on untreated portions of 
the substrate being analyzed. 

If sensitivities no better than 0.3 p.p.m. to 0.4 p.p.m. are required, 
the cellulose column treatment can generally be omitted. In this case, 
the absorbance of the diazonium dye solution is measured directly, the 
concentration of apparent chloroaniline is determined from, the appropri­
ate calibration curve, and the apparent residue in the lsample is cal­
culated. To estimate the actual monuron, diuron, or neburon level, it js 
necessary to determine the apparent residue in an untreated portion of 
the substrate, and deduct this "blank" value. Such blanks generally 
amount to a few tenths of a part per million. 

3. RECOMMENDED METHOD--GAS CHROMATOGRAPHIC DETERMINATIqN 

\ 

\ 
(See also Volume I, Chapter 9). 

\ 
Spectra-grade n-hexane, Phillips Petroleum Co., Bartlesville, Okla~ 

or freshly distilled dichloromethane, Reagent Grade. \ 

a. Reagents 

Sodium hydroXide, 50% (w/v), prepared from Reagent Grade\ 
material. I 

Ethanolic phenolphthalein solution, 0.1%. 

b. Special Apparatus 

Separatory funnels (250-ml) with Teflon stopcocks. 
Gas chromatograph, model 300 or 500 programmed-temperature (F 

and M Scientific Corp., Starr Road and Rt. 1, P. O. Box 234, Avondale, 
Pa.) or equivalent, equipped with a I-millivolt span, one second­
response recorder. 
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Column-1 meter, %" 0.0. stainless steel column of 20% (by weight) 
Apiezon "L" grease (James G. Biddle Co., Philadelphia, Pa.) on 6()""80 
mesh "Chromosorb" W, Johns Manville Corp., Manville, N. J., treated 
with 1% potassium hydroxide. 

Agla micrometer syringe (Burroughs-Wellcome Co., Tuckahoe, 
N. Y.). 

Flame ionization detector (optional). A suitable unit is available 
from F and M Scientific Corp., Avondale, Pa., and several other manu­
facturers. Operate as described in the instruction manual. 

c. Preparation of Column 

Place 10 ml of 1% methanolic KOH and 15 gm of 60-80 mesh 
"Chromosorb" W in a shallow evaporating dish. Add methanol and mix 
gently, to produce a "slush." Remove the solvent by heating on a steam 
or hot water bath, while gently and constantly stirring the mixture with 
a spatula. When elimination of the solvent appears complete, place the 
mixture in a vacuum oven at 1000 for at least 2 hours. 

Isolate the 6()""80 mesh fraction by screening. Place 8.0 gm of this 
material in an evaporating dish and add 2.0 gm of Apiezon "L" grease 
which has previously been dissolved in 5()""75 ml of boiling carbon 
tetrachloride. Remove the solvent as described above, and dry the mix­
ture in a vacuum oven at 100'C for 2 hours. Pack the resulting dry mix­
ture into the stainless steel tubing using vibration and tapping. 

d. Procedure 

i. Hydrolysis-Distillation. 

Place up to 250 gm of the sample in a I-liter round-bottom flask 
together with 10 ml of Antifoam A, 500 ml of 20% NaOH, and a few 
carborundum boiling chips. Attach a vertical condenser and heat at a 
gentle reflux for 2 hours. Arrange the condenser horizontally and distill 
slowly until 100 ml of distillate has been collected in a 250-ml separatory 
funnel containing 8 to 9 ml of Reagent Grade HCI. 

ii. Extraction. 

Wash the acidified distillate with two 5O-ml portions of n-hexane or 
dichloromethane and discard the organic layers. Add two drops of 
phenolphthalein indicator solution and neutralize carefully with 50% 
NaOH. Add one drop of excess 50% NaOH, and cool the solution. Extract 
with four 20-ml portions of hexane or dichloromethane. 

Using an instrument equipped with a thermal conductivity detector, 
the extract should be concentrated to slightly less than 5 ml by carefully 
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evaporating the solvent. Transfer the solution to a 5-ml volumetric flask, 
using a fine dropper to carry out hexane washes, dilute to volume, and 
chromatograph. (Should higher sensitivity he required, the sample may 
be similarly concentrated to 1 m!.) .. 

When using a sensitive ionization detector, extract the basic dis­
tillate with five 19-ml portions of hexane, dilute to volume in a 100-ml 
volumetric flask, and chromatograph directly without concentration. 

iii. Chromatography. 

Condition the column by heating at 275°C for at least 24 hours. 
Then equilibrate, using the following conditions: vaporizer temperature 
-265°C; detector block-235°C; flow rate--50 cc helium/minute; initial 
column temperature-75°C; detector sensitivity-maximum. Using the 
micrometer syringe, inject a 0.50 ml aliquot of the hexane extract into 
the instrument evenly over a 2-minute period. Allow 2 minutes to elute 
the solvent, and then start the programmer, which is adjusted to increase 
the column temperature at the rate of 6.4°C/minute. (The solvent elu- . 
tion period and temperature programming rate can be varied to suit the 
solvent used and separation needed.) Under the specified conditions, the 
p-chloroaniline ("PCA") and 3,4-dichloroaniline ("DCA"). peaks should 
emerge at approximately 180° and 2.14°C, respectively. I 

iv. Calculations and Calibration. 

Determine the amount of PCA and/or DCA in the total extract 
from the following relationship: 

I'g Chlorinated aniline ~ peak ht. (mm) 
X calibration factor (I'g/mm/ml) X final extract volume (~. 

Calibration factors are determined daily by chromatographin~ a 
hexane standard. Using thermal conductivity, 0.50 ml of a solution con­
taining about 40 I'g per milliliter of PCA and DCA is employed. 
With flame ionization, a 0.8 I'g per milliliter solution is used. Typical 
factors for PCA and DCA are 0.301 and 0.351 I'g/mm/ml, respec­
tively, for thermal conductiVity detection. The concentrations of monuron 
and diuron in the original sample are calculated according to the 
equation: 

M _ I'g of PCA in total extract X 1.56 
p.p.m. onuron - Wt. of original sample in gm 

D' _ I'g of DCA in total extract X 1.44 
p.p.m. lUran - Wt. of original sample in gm 

K b _ I'g of DCA in total extract X 1.70 
p.p.m. e uron - Wt. of original sample in grn 
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e. Discussion 

The sensitivity of the gas clrromatograpbic method for determining 
monuron, diuron, Or neburon residues is limited only by interferences 
from incompletely sepal'ated, unknown materials. This question of pos­
sible interferences must he answered for each sample matrix by ana1yz­
ing untreated materials. Using the method herein described, interfer­
ences of less than 0.1 p.p.m. of apparent monuron, diuron, or neburon 
were found for okra, peanuts, pears, cucumhers, blueberries, corn fodder, 
carrots, and several types of soils. 

Adequate sensitivity for most purposes can be obtained with con­
ventional thermal conductivity detection. However, the use of a highly 
sensitive ionization detector is advantageous, because it generaUy elimi­
nates the need for concentrating the extract before chromatographic 
analysis. Alternately, the more sensitive detector permits the analysis to 
be carried out on a smaller sample, or a smaller aliquot of extract con­
centrate. Figure 3 shows a chromatogram of the original hexane extract 
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FIC. 3. Gas chromatography of extract from blueberries containing 0 .7 
p.p.m. monuron and 0.7 p.p.m. diuron. 

nom the bydIo\ysis-distiUation of a OO-gm sample of blueb erries fortified 
with 0.70 p.p.m. each of monuron and diuron. While a flame ionization 
detector was used to obtain this chromatogram, a similar scan could be 
obtained with a thermal conductivity detector by first concentrating the 
extract as d escribed under "Procedure." 
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Using thermal conductivity detection, recovery of monuron, diuron 
and nehuron residues average about 85% of theory. The small losses occu; 
durint! the final concentration step. Essentially quantitative recoveries are 
obtained when the original distillate extracts are analyzed ditectly, using 
the more sensitive ionization detector. 
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Prometone 
E. KNUSLI 

2-Methoxy-4,6-bis-isopropylamino-s-triazine 

I. GENERAL 

A. EMPIRICAL FORMULA 

C"H"N,O (Mol. wt. 225.92). 

B. ALTERNATE NAMES 

Trial number G 31 435; trade names for general use: Prometone­
Geigy; Primatol O. 

C. SOURCE OF ANALYTICAL STANDARD 

J. R. Geigy S.A., Basel, Switzerland; Geigy Agricultural Chemicals, 
Ardsley, N. Y. 

D. BIOLOGICAL PROPERTIES 

1. HERBICIDAL ACTIVITY 

Prometone is a pre- and post-emergence herbicide for general and 
selective use. The potential Beld for selective application is sugar cane. 

2. TOXICITY 

Acute oral toxicity: LD" for mouse--2160 mg/kg; rat 2980 mg/kg. 
Subchronic toxicity: A series of rats fed for 90 days with a daily oral 

administration of 20 and 200 "I Prometone 25E/kg was comparable in 
all bebaviors with the controls. 

Cutaneous toxicity: A 5% suspension of Prometone 25E in gum 
171 
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arabic applied for 5 consecutive days to rats caused no signs of adsorp_ 
tive toxicity. 

E. HISTORY 

H. Gysin and E. Kniisli are co-inventors of Prometone on SWiss 
Patent 337,019 (to J. R. Geigy S.A., Basel, Switzerland); see also KnusH 
(1958). 

F. PHYSICAL PROPERTIES 

Melting point: 91-92°C. 
Solubility in water at 20°C: 0.075% (750 p.p.m.). Solubility in ben. 

zene at 20°C: more than 25%. Solubility in chloroform, methanol, acetone: 
more than 50%. 

Colorless, not combustible, not explosive, and not corrosive. 
pK-valuc in water at 22°: 4.3. 
UV spectra: see Fig. 1. 
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FIG. 1. UV Spectra of A, Prometone in water; B, Prometone in 1 N sulf~r:'c 
acid (cation); and C, product of hydrolysis (= 2-hydroxy_4,6_bis_isopropylamlllO

: 

s-triazine) in 1 N sulfuric acid (cation). (Concentration of Prometone:::= 7 ",giro. 
in each solution). 

G. CHEMICAL PROPERTIES 

1. METIIOD OF SYNTHESIS 

Prometone is synthesized by reacting 2_chloro_4,6_bis_isoprOpyJ j 
amino-s-triazine (see chapter on Propazine in this volume) with methan

o 

in the presence of an equivalent of sodium hydroxide. 
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2. PROPERTIES 

Prometone is distillable; stable in neutral, slightly acidic or basic 
media. It hydrolyzes to the berbicidally inactive 2-hydroxy-4,6-bis-iso­
propylamino-s-triazine in an acidic or basic medium, especially at higher 
temperatures. 

H. FORMULATIONS 

prometone is available as a 50% wettable powder and a 25% 
emulsifiable solution. 

II. ANALYSIS 

A. FORMULATION ANALYSIS 

1. RECOMMENDED METHOD FOR WETI'ABLE POWDERS 

•. Principle 

This method (Suter, 1959) is based on the titration of one isopropyl­
amino group of Prometone with perchloric add. 

b. Reagents 

Ether, Analytical Grade. 
Glacial acetic acid, stabilized over CrO,. 
Perchloric acid, 0.1 N in glacial acetic acid. 

c. Experimental Procedure 

i. Extraction. 

Weigb accurately 1,500 gm( =w) of the sample to be tested into a 
200-ml Erlenmeyer flask and add 100 ml of ether. Transfer to a water 
bath and keep gently boiling for about 2 minutes, then pass through a 
sintered-glass funnel (type 3G4) covered with a filter paper disk. 
Finally, wash the Erlenmeyer flask and the glass funnel with about 100 
rnl of ether. 

ii. Titration. 

h Transfer to a 300-ml Erlenmeyer flask, evaporate the solvent, dilute 
t e residue with glacial acetic acid and titrate with 0.1 N perchloric acid 
S(~ution potentiometrically, or by using a-naphtholbenzein as indicator 
-a ml). 
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iii. Discussion of Interferences. 

Other s-triazine-derivatives bearing at least two amino groups 
interfere. 

iv. Sensitivity. 

±0.5%. 

v. Calculation. 

a X 225.29 X 100 
% Prometone = w X 10,000 

a X 2.253 
w 

2. RECOMMENDED METHOD FOR EMULSIFIABLE SOLUTIONS 

This method (Suter, 1959) is identical with the method described 
above for wettable powders. However, the sample (3 gm) is not ex­
tracted, but is directly dissolved in 100 ml of glacial acetic acid and 
titrated. 

3. DISCUSSION 

Optionally the methoxy group of Prometone can be determined by 
the classic method of Zeisel. A sample of wettable powder is extracted 
exhaustively with ether. The extracted material is dissol~ed in a mixture 
of phenol and propionic acid anhydride and demethylated with hydro­
iodic acid. The methyl iodide formed is absorbed in a measured excess 
of silver nitrate and the silver nitrate not consumed is back-titrated with 
0.1 N potassium thiocyanate solution. 

B. RESIDUE ANALYSIS 
\ 

1. RECOMMENDED METHOO--SPECrROPHOTOMETRIC METHOD \\ 

a. Principle \ 

In this method (Delley, 1960) Prometone residue is extracted with 
n-pentane. Due to its basic properties, the compound may be easily 
extracted from n-pentane with dilute acid. From this aqueous acid solu' 
tion the readily soluble compound can be re-extracted with chloroform. 
Because the hydrochloride is also soluble in chloroform, the chloroform 
extract can be washed with concentrated acid. Finally, the extracted 
residue is hydrolyzed with 1 N H,SO, on a boiling water bath: 
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The cation of the hydrolysis product shows a maximum absorption 
at 240 m" which is used for the spectrophotometric determination. 

b. Reagents 

n-Pentane, distilled. 
Chloroform, distilled. 
Hydrochloric acid, 18%. 
Hydrochloric acid, 0.01 N. 
Sulfuric acid, 1 N. 

All the above mentioned aqueous reagents are extracted with some 
chloroform. 

c. Experimental Procedure 

i. Extraction. 

Extract the material to be tested with n-pentane. Should Prometone 
be determined in an aqueous solution, make it basic with an excess of 
sodium hydroxide and extract 2 or 3 times with the same quantity of 
n-pentane. In case the extract should be concentrated, avoid complete 
evaporation because of the volatility of Prometone. 

ii. Isolation. 

Place 200 ml of the above n-pentane extract into a 500-ml separatory 
funnel and extract three times with 40 ml of 0.01 N HC!. Combine the 
hydrochloric acid extracts in a 200-ml separatory funnel and wash 3 times 
with 20 ml of chloroform. Wash the chloroform extracts separately and 
successively in a second 100-ml separatory funnel with 50 ml of 18% 
HC!. Finally, shake each chloroform extract in a third 100-ml separatory 
funnel with 50 ml of distilled water. After each portion of chloroform 
has been washed with 18% HCl and water, combine all of the extracts in 
a 100-ml Erlenmeyer flask with ground-glass stopper, and evaporate 
completely by means of a vacuum pump on a water bath kept at 5Oc C. 
To avoid any bumping, use a melting point capillary tube, with the 
opening dipping into the chloroform. Care has to be taken that the 
residue of Prometone is not exposed to high temperatures any longer 
than is absolutely necessary. (From a 5O-rnl beaker which contains a 
residue of 100 I'g of Prometone, 80 I'g will evaporate on the boiling 
water bath, within 30 minutes.) 

iii. Hydrolysis. 

To the dry residue in the 100-ml Erlenmeyer flask add exactly 10 
ml of 1 N H,SO., stopper the flask and place on a boiling water bath. 
While heating, release the stopper from time to time, then shake to 
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dissolve all sediments sticking to the glass, and continue heating for 3 
hours. Cool and mix; then transfer the solution to a quartz cell for the 
determination. 

iv. Determination. 

Use a spectrophotometer Beckman DU, a hydrogen lamp, and 
quartz cells. Measure at wavelengths of 255, 240, and 225 ml', and use a 
slit width of 0.7 mm. For reference, use a cell filled with distilled water. 

v. Discussion of Interferences. 

Other 2-alkoxy- and also 2-alkylthio-4,6-diamino-s-triazines may in­
terfere. 

vi. Sensitivity. 

The limit of determination is about 2 I'g. The accuracy depends on 
the different suhstrates analyzed and is in the range of 0.1 p.p.m. 

vii. Calculation. 

The extinction difference is calculated by using tIje following 
equation: 

A~E240- (E'" + E''') 
2 

From this extinction difference, ~, subtract the extinction difference 
obtained in the blank determination of the same but untreated, Prome­
tone-free material. Should no untreated material be available, the blank 
value of the reagents can at least be determined. The blank may be 
negative, in which case it is to be added instead of subtracted. With the 
corrected extinction difference, A, the quantity of the originally present 
Prometone can be calculated as follows: 

)Lg of Prometone ~ 113 X A,on. 

The figure 113 is the instrument factor. 

2. DISCUSSION OF METHOD 

If the sample contains more than 150 I'g of Prometone (E'" higher 
than 1.8), a larger amount of water is to be used for dilution. Such a 
dilution has to be considered in the final calculation. 

The hydrolysis product remains perfectly stable in the dilute acid 
solution. Any other hydrolysis product formed before the extraction is not 
determined by the above described method. 
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Examples of extinction values are shown in Table I. 

TABLE [ 
EXTINCTION VALUES FOR PROMETONEa 

Blank value of the reagents 
50 J.l.g of Prometone 
100 /4'!; of Prometone 

E22bb 

0.041 
0.231 
0.422 

E240 

O.Oli 
0.592 
1.180 

E205 

0.014 
0.092 
0.166 

-0.011 
+0.430 
+0.886 

"Using a Beckman DU Spectrophotometer. If another instrument is used, the figures 
have to be determined accordingly. 

b Ez = Extinction at x ill}.'. 

Distribution coefficients in different solvent systems: In the course 
of the development of the present procedure, some approximate distribu­
tion coefficients at analysis conditions (concentration in organic phase: 
concentration in aqueous phase) were found. These values are presented 
in Table II. 

TABLE II 
DISTRIBUTION COEFFICIENTS FOR PROMETONE IN SEVERAl, SOLVEN'_r SYSTEMS 

Distribution Coefficients 

Concentration in argo Phase 

Organic phase Aqueous phase Concentration in aq. Phase 

CHCI, 0.01 N H2SO4 20.00 
CHC]. 0.10 N H.SO, 3.00 
CHCI. 1.00 N H,SO. 0.30 
CHCI. 0.01 N HC] 18.00 
CnC], O.lONHC] 5.50 (minimum) 
CHC], 1.00 N HC] 20.00 
CHC4 aboul 6.00 N HC] 35.00 

n-pentane water 9.00 
n-pentane 1% CH,COOH 0.40 
n-pentane 0.001 N H2SO4 0.40 
n-pentane 0.01 N H,SO. 0.05 
n-pentane 0.01 N HC] 0.02 
n-pentane 0.10 N H,SO. 0.03 

Contrary to the chlorofonn! sulfuric acid distribution, there is a 
minimum in the case of chloroform!O.l N hydrochloric acid. It seems that 
the hydrochloride is also soluble in chloroform. In fact, Prometone, after 
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extraction from hydrochloric acid (1: 1 ), is present in a large amount in 
the form of the hydrochloride. 

Hydrolysis rate of Prometone: Prometone when hydrolyzed with 
1 N sulfuric acid on the boiling water hath has a half-life of .... 5 minutes. 

REFERENCES 

Delley, R. (1960). Anal. Lab., J. R. Geigy S.A., Basel, Switzerland, unpublished 
work. 

Kniisli, E, (1958). Phytiat.-Phytopharm. 7, 85. 
Suter, R. (1959). Anal. Lab., J. R. Geigy S.A., Ba,cl, SWitzerland, unpublished 

work. 
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Prometryne 
E. K"USLI 

SCH, 

H C N~N CH, 

, \:H-~~ )L~-c' 
/ N " H3C C~ 

2·Methylthio-4.6-bis-isopropylamino-s-triazine 

I. GENERAL 

A. EMPIRICAL FORMULA 

C",H"N,S (Mol. wt. 241.35). 

B. ALTERNATE NAME 

Trial number G 34 161. 

C. SOURCE OF ANALYTICAL STANDARD 

J. R. Geigy S.A., Basel, Switzerland; Geigy Agric\lltural Chemicals, 
Ardsley, N. Y. 

D. BIOLOGICAL PROPER.TIES 

1. HERBICIDAL ACTIVITY 

Prometryne is a prc- and post -emergence herbicide for general and 
selecti.·e use. Tlie potential fields for selecti<'e application are: small 
grains, potatoes, peanuts, soybeans, beans (Phaseolus spp.), peas, alfalfa, 
carrots and other Umbelliferae crops, and cotton, 

2. TOXICITY 

Acute oral toxicity: LD" for mouse and rat 3,750 mg/kg. 
Subchronic toxicity: A series of rats fed for 90 days with a daily 

oral administration of 100 mg Prometryne 50 W /kg Was comparable in 
all respects with the controls. 

Cutaneous toxicity: A 5'% suspension of Prometryne in gum arahic 
applied for 5 consecutive days to rats showed no signs of adsorptive 

179 



180 KNUSLI 

toxicity. Prometryne 25E applied at the same rate caused very slight 
toxic symptoms. 

E. HISTORY 

H. Gysin and E. Knlisli are co-inventors of Prometryne on the SWiss 
Patent 337,019 (to J. R. Geigy S.A., Basel, SWitzerland). See also the pub­
lication "Activity and Mode of Action of Triazine Herbicides," 4th Brit. 
Weed Control Conf., Brighton, 1958. 

F. PHYSICAL PROPERTIES 

Melting point: 1l&-120°C. 
Solubility in water at 20°C: 0.0048% (48 ppm); in organic solvents, 

high. 
Colorless, not combustible, not explosive, and not corrosive. 
UV spectrum: same as for Ametryne (see this volume, Chapter 2). 

G. CHEMICAL PROPERTIES 

1. METHOD OF SYNTHESIS 

Prometryne is synthesized by reacting 2-chloro-4,6-bis.isopropyl­
amino-s-triazine (Propazine; see this volume) with methylmercaptan in 

! 
the presence of an equivalent of sodium hydroxide or ]:,y reacting 2-
mercapto-4,6-bis-isopropylamino-s-triazine with a methylating ageot in 
the presence of sodium hydroxide. 

2. PROPERTIES 

Prometryne is distillable; stable in neutral, slightly acidic or basic 
media; hydrolyzes to the herbiCidally inactive 2-hydroxy-4,6-bis-iso­
propylamino-s-triazine in an acidic or basic medium, especially at higher 
temperatures. 

H. FORMULATIONS 

Prometryne is available as a 50% wettable powder and a 25% 
emulsifiable solution. 

II. ANALYSIS 

A. FORMULATION ANALYSIS 

1. RECOMMENDED METHOD FOR WETrABLE POWDERS 

a. Principle 

This method (Suter, 1960) is based on the titration of one alkyl­
amino group of Prometryne with perchloric acid. 
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b. Reagents 

Ether, Analytical grade. 
Perchloric acid, 0.1 N in glacial acetic acid. 

c. Experimental Procedure 

i. Sample Preparation. 

Weigh about I gm of the sample to be tested ( = w,) into a 200-ml 
Erlenmeyer flask and add about 70 ml of ether. Boil for a short while 
on a water bath and then filter the contents through a glass-sintered 
funnel of the 3 G 3 type covered with a round filter paper. Repeat this 
extraction procedure twice always using the remaining residue, and 
finally wash the Erlenmeyer flask and the glass funnel with ether. 

Distill off the solvent. Dilute the solid residue in glacial acetic acid 
and titrate with 0.1 N perchloric acid potentiomeh'icaliy (= a ml), 
using 0.5-ml portions only near the end point. 

ii. Discussion of Interferences. 

2-Chloro-, 2-hydroxy-, 2-mercapto-4,6-bis-isopropylamino-s-triazine 
and any other triazine derivatives bearing at least two amino groups 
interfere. The major part of the three first-mentioned products will not 
be extracted however, due to their low solubility in ether. 

iii. Sensitivity. 

±0.5%. 

iv. Calculation. 

a X 241.37 X 100 a X 2.414 
% Prometryne = w, X 10,000 = w, (1) 

2. ALTERNATE RECOMMENDED METHOD FOR WETrABLE POWDERS 

a. Principle 

By boiling with diluted sulfuric acid, Prometryne is split into 2-
hydroxy-4,6-bis-isopropylamino-s-triazine and methylmercaptan. The lat­
ter compound is distilled into an iodine solution and oxidized and the 
excess iodine is back-titrated. (Method of Suter, 1960.) 

b. Apparatus 

See Fig. 1. 
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E 
E 

KNUSLI 

11 lIJ 
250 tnl 

decomposition flask 

19-21 mm ,_, 
first absorber 

second absorber 

third abso!ber 

FIC. 1. Apparatus for the analysis of Prometryne formulations (all absorbers 
cooled by icc). 

c. Reagents 

First absorber to contain: 40 ml of 0.1 N iodine solution, 1 gm of 
solid potassium iodide, 3 drops of glacial acetic acid. 

Second absorber to contain: 10 ml of 0.1 N iodine solution, 30 ml of 
distilled water, 1 gm of solid potassium iodide, 3 drops of glacial acetic 
acid. 

Third absorber to contain: 25 ml of a 30% potassium iodide solution. 
Ether, Analytical Grade. 
Sodium thiosulfate solution, 0.1 N. 

d. Procedure 

i. Sample Preparation. 

Extract 1 gm (= w,) of the sample exhaustively with ether. Trans· 
fer the extract into the dry decomposition flask and evaporate cautiously 
to dryness. Assemble the apparatus. Connect the third absorber to a 
water pump, inserting ahead of it a screw compressor clamp and a 
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Woulf Hask.' Regulate the air stream to about 5 bubbles per second. Now 
allow 50 ml of boiling 20% sulfuric acid to pass through the funnel tube 
into the decomposition Hask and carefully heat to boiling over a gas 
flame. The solution should not rise into the funnel tube. Keep the con­
tents of the Hask boiling for 1 hour by constantly sucking air through the 
system. 

Afterward, rinse the solutions of the three absorber flasks with 
distilled water quantitatively into a 600-ml beaker and titrate with 0.1 N 
sodium thiosulfate solution, using starch as indicator. 

Amount of 0.1 N sodium thiosulfate solution used = b m!. 

ii. Discussion of Interferences. 

Other 2-methylthio-4,6-diamino-s-triazines interfere. 

iii. Sensitivity. 

±0.5%. 

iv. Calculation. 

% Prometry:, (50.0 - b) X 241.37 X 100 X 1.015 

"" X 10,000 
(50.0 - b) X 2.450 

(2) 

1.015 = correction factor, since formation of methyl mercaptan is not 
quantitative. 

B. RESIDUE ANALYSIS 

I. RECOMMENDED METHOD-SPECTROPHOTOMETRIC METHOD 

a. Principle 

In this method (Delley, 1961) the Prometryne residue is extracted 
with n-pentane. Due to the basic properties of Prometryne, the com­
pound may be easily extracted with acid. From this aqueous acid 
solution the compound can be re-extracted with methylene chloride. 
The extract is then hydrolyzed with dilute acid on a boiling water bath: 

1 A \Voulf flask is a type of trap, normally fitted with 2-3 necks and with a 
stop cock at the bottom, which protects the reaction vessel (in the given case, the 
absorber) from water which might be sucked back from the water pump. 
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The cation of the hydrolysis product shows a maximum absorption at 
240 m!" which is used for the spectrophotometric determination. 

b. Reagents 

n-Pentane, distilled. 
Methylene chloride, distilled. 
Hydrochloric acid, 0.1 N. 
Sulfuric acid, 1 N. 

c. Experimental Procedure 

i. Extraction and Isolation. 

Extract the material to be tested with 200 ml of n-pentane. 
A system of three separatory funnels is used for the isolation of 

Prometryne. Pour the extract into the first separatory funnel and extract 
three times with 70-ml portions of 0.1 N bydrochloric acid. Wash the 
hydrochloric acid extracts, which now contain Prometryne, separately 
and successively in a second separatory funnel containing 100 ml of 
n-pentane. After separation, combine the three acid extracts in a third 
separatory funnel. From the combined hydrochloric acid extracts (about 
210 ml), re-extract the Prometryne by shaking three/times with 5O-ml 
portions of methylene chloride. Evaporate carefully the three methylene 
chloride extracts successively using the same 100-ml ground-joint Erlen­
meyer Bask. 

ii. Hydrolysis. 

To the dry residue in the 100-ml Erlenmeyer Bask add exactly 10 ml 
of 1 N sulfuric acid, stopper the flask and place it on a boiling. water 
bath. While heating, release the stopper from time to time, and con­
tinue heating for 3 hours. Cool and mix. Then transfer the solution to a 
quartz cell for determination. . 

iii. Determination. 

Use a spectrophotometer (Beckman DU), a hydrogen lamp, and 
quartz celis. Measure at wavelengths of 255, 240, and 225 m!" using a 
slit widtb of 0.7 mm. As reference use a cell filled with distilled water. 

iv. Discussion of Interferences. 

Other 2-alkylthio- and also 2-alkoxy-4,6-diamino-s-triazines interfere. 

v. Sensitivity. 

The limit of determination is about 2 "g. The recoveries in standard 
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determinations with addition of known amounts of Prometryne varied 
from 85--100%. The sensitivity depends on the djfferent substrates and 
may range between 0.1 and 0.3 p.p.m. 

vi. Calculation. 

The extinctions measured are calculated hy using the following 
equation: 

A _ 1" (£25> + £226) 
u - :.1240 ~ 2 

From this extinction difference, 6, subtract the extinction difference 
obtained in the blank determination of tbe same but untreated, Pro­
metryne-free, material. Should no untreated material be available, the 
blank value of the reagents should at least be determined. The blank 
can be negative, in which case it is to be added instead of subtracted. 
From the corrected extinction difference, 6.corr , the quantity of the 
originally present Prometryne can be calculated as follows: 

J.Lg of Prometryne = 121.1"". 

The figure 121 is the instrument factor of the Beckman DU used. Some 

TABLE I 
EXTINCTION VALUES FOR PROMETRYNE" 

Enol> E240 1,'''' A 

Blank value of the reagents 0.061 0.051 0.034 0.004 
8. 1 }J.g of Prometr:yne 0.082 0.127 O. o:lG 0.068 
40 . 5 ,ug of Prometryne 0.179 0.453 0.070 0.324 
81.0 }J.g of Prometryne 0.322 0.890 0.130 0.664 

" Beckman DU Spectrophotometer. If another type of instrument is used, the figures 
have to be determined accordingly. 

b E% = Extinction at x m,u. 

extinction values obtained with this instrument are shown in Table L 

2. APPLICABILITY OF THE METHOD TO DIFFERENT CROPS 

The method has been applied for tbe determination of residues in 
wheat, barley, peas, and beans. 

3. DISCUSSION 

a. Distribution CoeffiCients in Different Solvent Systems 

In tbe course of the development of the present procedure, some 
approximate distribution coefficients at analysis conditions (con centra-
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'L\BLE II 
DISTll.lBUTION COEFFICIENTS FOR PROMETRYNE IN DIFFERENT SOLVENT StSTEMSIl 

Orga.nic 0.1 N 0.001 N 0.01 N 0.1 N <tIN 
pha.se NaOI! Water He] He] He] He] 

n-pentanc >100 >100 8 0.9 0.09 0.008 
Ether >100 >100 15 1.3 0.3 
CH,Cl, >100 >100 80 16 34 
CUC], >100 >]00 >100 46 99 

a Concentmtion in organic phase: concentration in aqueous pha.se. 

tion in organic phase: concentration in aqueous phase) were determined. 
These are reported in Table II. 

lt seems that with methylene chloride and chloroform the active 
ingredient is partly extracted from I N hydrochloric acid in form of 
Prometryne hydrochloride. 

b, Comparative Behavior of Prornetryne and Arnetryne 

Compared with Ametryne. Prometryne's solubility in organic solvents 
is higher. Therefore, a larger volume of 0.1 N HC! in the otherwise 
similar analytical procedure has to be used. / 

The UV spectra of Prometryne are practically identical with those of 
Ametryne. Both substances hydrolyze at the same rate. When hydrolyzed 
with 1 N sulfuric acid on the boiling water bath, the half-life period is 
about 20 minutes; at room temperature it is about 1 month. During 
hyDroJysJ.):, .'l d~Tach'TJstj.C meIc:.1twan oDOT is DD..fel'Fea. 

REFERENCES 

Del1ey, R. (1961). Anal. Lab., J. R. Geigy S.A., Basel, Switzerland, unpublished 
work. 

Suter, R. (1960). Anal. Lab., J. R. Geigy S.A., Basel, Switzerland, unpublished 
work. 
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Propazine 
E. KNUSLI 

CI 

NJ-N 
H,C" ~ J-l /H, 

CH-NH N NH-CH 

/ " H3C CH3 

2-Chloro-4,6-bis- isopropy lamino-s-triazine 

I. GENERAL 

A. EMPIRICAL FORMULA 

C,H"CIN, (Mol. wt. 229.71). 

B. ALTERNATE NAMES 

Trial number G 30 028. Trade names for selective use: Propazine­
Geigy; Gesamil. 

C. SOURCE OF ANALYTICAL STANDARD 

J. R. Geigy S.A., Basel, Switzerland; Geigy Agricultural Chemicals, 
Ardsley, N. Y. 

D. BIOLOGICAL PROPERTIES 

1, HERBICIDAL ACTIVITY 

Propazine is a pre-emergence herbicide for general and selective use. 
The actual and potential fields of selective application are: sorghum, 
miJIet; carrots and other Umbelliferac crops; conifers. 

2. TOXICITY 

Acute oral toxicity: LD" for mouse and rat more than 5,000 mg/kg. 
Chronic toxicity: A series of rats fed for 180 days with a daily oral 

administration of 500 mg of Propazine 50 W /kg was comparable in all 
behaviors with the controls. 

187 
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Cutaneous toxicity: A 5% suspension of Propazine or Propazine 50 W 
in gum arabic applied for 5 consecutive days to rats caused no signs of 
absorptive toxicity. 

E. HISTORY 

H. Gysin and E. Knlisli are co-inventors on Swiss Patents 329,277 and 
342,784 (to J. R. Geigy SA, Basel, Switzerland). See also "Introductory 
Remarks on the Chemistry and Herbicidal Properties of Triazine Deriva_ 
tives," 3rd Brit. Weed Control Conf., Blackpool, 1956. 

F. PHYSICAL PROPERTIES 

Melting point: 212-214°C. 
Solubility in water at 20°C: 0.00086% (8.6 p.p.m.); in organic 

solvents, low. 
Colorless, not combustible, not explosive, and not corrosive. 
UV spectra: practically identical with those given for "Simazine" 

(see Chapter 2:> of this volume). 

G. CHEMICAL PROPERTIES 

1. METHOD OF SYNTHESIS I 

Propazine is synthesized by reacting cyanuric chloride with two 
equivalents of isopropylamine in the presence of an acid acceptor. 

2. PROPERTIES 

Propazine sublimates at higher temperatures; stable in neutral, 
slightly acidic or basic media; hydrolyzes to the herbicidally inactive 2-
hydroxy-4,6-bis-isopropylamino-s-triazine in acidic or basic media, eSve-
cially at higher temperatures. . 

H. FORMULATIONS 

Propazine is available as an 80% wettable powder; a 50% wettable 
powder; and as 0.5% granules. 

II. ANALYSIS 

A. FORMULATION ANALYSIS 

1. POTENTIOMETRIC METHOD FOR WETTABLE POWDERS 

a. Principle 

This method (Suter, 1957-1959) is similar to that given for simazine 
(see this volume). However, the respective equation is: 
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% Propazine = (a - b) X 229.72 X 100 
w X 10,000 

b. Discussion of Interferences 
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(I) 

A contamination of 2,4-dichloro-6-isopropylamino-s-triazine simulates 
a higher content of Propazine than is effectively present. The method 
does not differentiate from the analogous 2-chloro-4,6-bis-amino-s-tria­
zines, such as 2-chloro-4-amino-6-isopropylamino-s-triazine. 

2. SUPPLEMENTARY METHOD FOR WETTABLE POWDERS 

a. Principle 

This method (Suter, 1957-1959) is similar to that described for 
simazine (see this volume). However, the respective equation is: 

c X 229.72 X 100 % Propazine = "--'--'---:-O~~~c.:c 
w X 10,000 

b. Discussion of Interferences 

(2) 

The presence of similar 2-chloro-4,6-bis-amino-s-triazines, 2,4,6-tris­
isopropylamino-s-triazine, or 2-hydroxy-4,6-bis-isopropylamino-s-triazine, 
is included in the value obtained. 2,4-Dichloro-6-isopropylamino-s-tri­
azine does not respond to the titration with perchloric acid. 

3. CONTENT OF 2,4-DICIn.ORO-6-ISOPROPYLAMINO-S-TRIAZINE OR 

2,4,6-TRIS-ISOPROPYLAMINO-S-TRIAZlNE 

If the values obtained from Eqs. (1) and (2) are different, the ap­
proximate contents of 2,4-dichloro-6-isopropylamino-s-triazine or 2,4,6-
tris-isopropylamino-s-triazine are calculated as follows: 
If the value of Eq. (1) is higher than Eq. (2), then Eq. (2) = content 
of Propazine 

% 2,4-Dichloro-6-isopTOpylamino-s-triazine 
= [Eq. (1) - Eq. (2)l X 207.07 (3) 

229.72 X 2 

If the value of Eq. (2) is higher than Eq. (1), then Eq. (1) = content 
of Propazine 

01 . • I' .. [Eq. (2) - Eq. (I)l X 252.37 
/0 2,4,6-Tns-lsopropy ammo-s-tnazme = 229.72 

(4) 

Discussion of interferences: The method does not distinguish be­
tween analogous 2,4-dichloro-6-amino-s-triazines or 2,4,6-tris-amino-s­
triazines. 
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B. RESIDUE ANALYSIS 

The methods follow, in general, those given for simazine (see this 
volume). .. 

1. SPECTROMETRIC METHOD 

See chapter on simazine, Section II,C,2, "Spectrometric method" 
(Delley, 1957). 

The cation of the hydrolysis product shows a maximum absorption 
at 240 m", as does the cation of the hydrolyzation product of simazine. 

a. Column Clean-up 
In principle the column clean-up follows the one described for 

simazine (see this volume, Chapter 23 on simazine, Section II,C,2, 
c,ii). Instead of Woelm basic aluminium oxide, activity grade V, the 
more retentive grade IV has to be used (Gigger et al."IOO1). 

b. Sensitivity and Recovery 
The sensitivity of the method varies somewhat with different sub­

strates but lies around 0.1 p.p.m. In absolute terms, quantities of 2 "g 
may be detected. The recoveries in standard determinations, with addi-
tion of known amounts of Propazine varied from 80--100%. \ 

\" c. Applicability of the Method to Different Crops 
The method has been successfully applied to the determination \'£ 

residues in corn and millet. 

2. COLORIMETRIC METHOD ' ~ 

See Cbapter 23 on simazine, Section II,C,4-"Colorimetric .lllethod"", 
(Storrs and Burchfield, 1963). I 
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Randox 
R. A. CONKIN A1<D L. S. GLEASON 

o CH,CH=CH, 
II / 

CI-CH,-C-N 
"­CH,CH=CH, 

N-N-Diallyl-2-chloroacetamide (CDAA) 

I. GENERAL 

A. EMPIRICAL FORMULA 

C,H"ONCI (Mol. wt. 173.63). 

B. ALTERNATIVE NAMES 

CP6343, CDAA. 

C. SOURCE OF ANALYTICAL STANDARD 

Monsanto Chemical Company, 800 North Lindhergh Blvd., St. Louis 
66. Missouri. The name Randox is the registered trademark of the 
Monsanto Chemical Company. 

D. BIOLOGICAL PROPERTIES 

CDAA is a pre-emergence herbicide which controls the germinating 
seed of the following weeds: annual blue grass, carpet weed, crabgrass, 
green foxtail, purslane, yellow foxtail, barnyard grass, cheat, giant fox­
tail, pigweed, water grass, and stinkgrass (Hannah, 1954). 

Randox has been granted label clearance for use in the following 
crops: cabbage (Wise. & Fla.), canning peas, celery (Fla.), chrysanthe­
mums (Calif.), dry beans (E. of Rocky Mountains), field or sweet com, 
forage or grain sorghum, gladiolus (Calif.), lima beans (E. of Rocky 
Mountains), iris (Calif.), onions, popcorn, snap beans (E. of Rocky 
Mountains), soybeans (E. of Rocky Mountains), sugar cane (Fla.). 

CDAA will not control established plants or plants originating from 
vegetative plant parts. Neither has this'compound been known to control 
dormant seeds. 
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The acute oral LD" of CDAA for rats is 760 mg/kg of body weight. 
The MLD of Randox by skin absorption is 360 mg/kg for rats. On the 
basis of these tests, Randox is classed as moderately toxic to man. Randox 
is considered a severe skin irritant and a moderately severe~ye irritant. 

E. H,STORY 

CDAA was discovered by Drs. John A. Speziale and Phillip C. 
Hamm while working for the Monsanto Chemical Company. The com­
position of matter and use properties of Randox are covered by U. S. 
Patent 2,864,683. 

Randox was first granted label clearance in 1957 for use on nine 
crops. Since then, clearance has been granted for additional uses. 

F. PHYSICAL PROPERTIES 

BOiling point: 74°C at 0.3 mm Hg 
Solubility: 

Solvent % 
Xylene 20 
Kerosene 20 
Chloroform 50 
Water 1.97 
Ethyl alcohol 50 
Cydohexanone 51} 
Chlorobenzene 50 
Hexane 20 

Refractive index (N D"): 1.4932 
Appearance: Amber liquid at room temperature 
Specific gravity: 1.088 at 25/15.6°C 

G. CHEMICAL PROPERTIES 

1. METHOD OF SYNTHESIS 

Solution 
point DC 

~4 
49 

-50 
25 

-18 
-51} 
-50 

36 

The reaction of diallyl amine with chloroacetyl chloride in presence 
of dilute sodium hydroXide produces CDAA. 

2. CHEMICAL REACTIONS 

CDAA will decompose in the presence of mineral acids or bases. 
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H. COMMERCIAL FORMULATIONS 

Randox is available in a 4 lbsl gallon emulsifiable concentrate and 
20% concentration granules. 

II. ANALYSIS 

A. FORMULATION ANALYSIS 

1. REVIEW OF METHODS 

Liquid or granular Randox formulations may be analyzed for their 
CDAA content by any standard method for the determination of total 
organic chlorine. Methods other than the one described below should 
be thoroughly evaluated with an analytical reference standard. 

2. RECOMME~DED METHOD 

a. Principle 

The sodium-isobutyl alcohol reduction of organic chlorine to inor­
ganic chloride is the basis of this method. The organically bound chlorine 
is quantitatively liberated as chloride by refluxing with an alcoholic­
sodium mixture; and is determined by titration with silver nitrate solution. 

b. Reagents 

Isobutyl alcohol, C.P., (low chlorides). 
M etaUie sodium, C.P. 
Sil~er nitrate, standard solution, 0.1 N. 
Methanol-water mixture, 50% v/v. 
Nitric acid, 50% v/v. 
Pherwlphthalein indicator solution. 

c. Apparatus 

Condenser, Allihn-type. 
Round-bottom flask; 100-m!. 
pH indicator, Leeds & Northrop Model 7664 or equivalent. 
Silver: potassium sulfate--me1'curous sulfate electrode system or 

equivalent. 

d. Experimental Procedure 

Weigh accurately (±O.OOOI gm) sufficient sample to provide 2.0-
2.5 milliequivalents of chlorine, into a 100 m! round-bottomed flask. For 
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CDAA, 0.3:'>-0.45 gm will suffice while Randox granules (20%) will re­
quire from 1.7:'>-2.25 gm. 

Add 20 ml of Reagent Grade isohutyl alcohol and 2 gm of metallic 
sodium cut into % -inch pieces. Connect the flask to a reB. condenser. 
Allow the sodium to react for 10 minutes without applying heat, then 
heat to reflux with an electric heating mantle. Shut off the heat 30 
minutes after addition of the sodium. The mantle should be removed 
at this time. 

Allow the reaction mixture to cool for 5 minutes. Add slowly, 
through the condenser, 20 ml of 1: 1 methanol-distilled water mixture. 
Replace the heating mantle and heat to reflux for 5 minutes. Cool to room 
temperature and add 10 ml of acetone through the condenser. Remove 
the condenser, add three drops of 0.1% phenolphthalein indicator solution, 
and neutralize with a 1: 1 nitric acid solution. The acid should be added 
in portions, with swirling after each addition. The flnal solution should 
be acid to Congo Red. Cool to room temperature. 

Transfer the neutralized solution to a 250 ml beaker, rinsing the flask 
three times with distilled water (20 ml total) and three times with acetone 
(20 ml total). Place the beaker under the electrode system and titrate 
potentiometrically with 0.1 N silver nitrate. 

Calculation: I 

% Total chlorine in sample 
ml 0.1 N AgNO, X 0.35457 

Wt. of sample 

A correction for possible inorganic chlorides should be made when 
analyz;ng either the technical or formulated material. Weigh a S.O-gm 
",m?le of technical 0' 20.0 gm of granules into a 2S0-ml beaker. Add 100 
ml of acetone, (20 ml of distilled water plus 80 ml of acetone for'gran­
ules) a drop of concentrated sulfuric acid and stir. Titrate under the s?me 
electrode system as above. 

Calculation: See equation given above. 

% Total chlorine - 7c;. inorganic chlorine = % organic chlorine \\, 
% Organic chlorine X 4.8fJ71 ~ CDAA 

B. RESIDUE ANALYSIS 

1. REVIEW OF METHODS 

Earlier residue studies were carried out by means of C14-labeled 
material, 

CDAA can be hydrolyzed by caustic to give the corresponding 
secondary amine. The amine may be recovered by distilling from an 
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alkaline solution. Reaction with cupric dithiocarbarnate results in the 
formation of a highly colored complex. 

2. RECOMMENDED METHOD 

a. Principle 

CDAA can be hydrolyzed by caustic to give the corresponding 
secondary amine. The amine may be recovered by distillation from an 
alkaline solution and trapping the free amine in dilute HCI (Dowden, 
1938; Feigl, 1956; Hall et al., 1931). Interferences extracted from crop 
samples are essentially eliminated by washing the solvent extract with 
dilute HCI. A further reduction of the background material is made by a 
solvent wash of the acidified distillate. This combination of washes 
effectively removes traces of free amines in the initial solvent extract and 
colored pigments that may steam distill with the free amine. 

b. Reagents 

Chloroform, USP. 
Chloroform-carbon disulfide mixture, 1% CS, (v Iv). 
Sulfuric acid, 10% solution. 
Carbon disulfide, A.R. 
Ammonium hydroxide, A.R. 
Copper sulfate pentahydrate, A.R. 
Sodium hydroxide, 50% solution. 
Sodium sulfate, anhydrous, granular. 
Copper reagent. Dissolve 0.5 gm of copper sulfate in 10 ml of dis­

tilled water, and dilute to 500 ml with concentrated ammonium hydroxide. 
Standard diallylamine Solution. Weigh 0.1000 gm of diallylamine into 

a 100-ml volumetric Hask containing 5 ml of 0.1 N Hel. Dilute to volume 
with distilled water. Pipette a 1-ml aliquot (equivalent to 1000 I'g) and 
transfer to a second 100-ml volumetric Hask. Dilute to volume with dis­
tilled water. Each milliliter will contain 10 I'g of diallylamine. 

c. Apparatus 

See Fig. l. 

d. Experimental Procedure 

i. Sample Preparation. 

Using a Waring Blendor or similar apparatus, grind a 300-500-gm 
sample of the crop. Vegetable crops are best handled by quick freezing 
the samples. This greatly aids grinding. Transfer the ground mass to a 
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'"J,---D 

E 

FIG. 1. Hydrolysis and distillation apparatus for Randmc. (A) Round-bottom 
Bask with glass joint; (B) sidearm funnel; (C) column packed with glass beads; 
(D) condenser; (E) collection funnel. 

2000-ml wide-mouth jar, using a volume of chloroform equal to the 
sample weight (1 ml of the solvent to 1 gm of the sample). Do not 
macerate in the presence of chloroform, as a tight emulsion will form. 
Tumble the samples for 1 hour. Filter and discard the pulp. Transfer the 
filtrate to a separatory funnel and wash with three 100-ml portions of 
10% (v/v) HC!. Draw off the chloroform (lower) layer into a suitably 
sized bottle for storage. Store in a refrigerator until ready for use. Dis­
card the dilute Hel washes. 

Measure an aliquot of the chloroform equivalent to 100 grn of the 
crop sample and transfer to a 250-ml round-bottom Bask. Add 25 m1 of 
10% H2S0~ and place the flask on the steam bath. Add two or three 
carborundum boiling stones to prevent bumping. Evaporate the chloro­
form in the presence of the sulfuric acid. 

Connect the flask to a take-over distillation unit equipped with . a 
separatory funnel side-arm arrangement. Immerse the condenser up 
in 5 ml of 0.1 N HC} contained in a 250-ml separatory funnel. (Keep 
the tip immersed at all times during and after the introduction of caUS­
tic.) (See Fig. 1. ) 
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Introduce through the side-arm separatory funnel, 30 ml of 50% 
NaOH. Swirl, or gently agitate the mixture as the caustic is slowly added, 
to prevent the sudden liberation of excess heat. Distill the liberated 
aIIline into the collection funnel, keeping the tip of the condenser be­
neath tbe surface of the dilute acid at all times. Collect 40 to 50 ml of 
the distillate, which is usually sufficient for quantitative recovery of 
amine. 

Remove the collection funnel, cool to room temperature, and pro­
ceed with the color formation steps as outlined in the section under 
"Preparation of Standard Curve." Convert the absorbance at 4.35 m" to 
micrograms of diallylamine by use of the standard curve. 

ii. Preparation of Standard Curve. 

Pipette 1, 4, 7, and 10-ml aliquots of the standard diallylamine 
solution and transfer to 125-ml separatory funnels. Dilute with distilled 
water to 50 m!. Add 10 ml of chloroform-carbon disulfide mixture, 5 ml 
of copper reagent, and 1 to 2 ml of 50% NaOH. Shake for .3 minutes, 
allow to separate. Draw off the chloroform (lower) layer into a 25-m] 
Erlenmeyer flask and dry over 1-2 gm of sodium sulfate until the colored 
solution is free of cloudiness. Occasional swirling may be necessary. 

Decant a portion of the dry solution into a cuvette and measure 
the absorbance at 4.35 ml-' using distilled water as a reference. Any 
standard spectrophotometer may be used for this purpose. 

iii. Calculation. 

CDAA = Mktogtams dia\\y\amine 
p.p.m. ~ Aliquot sample weight (grams) X 0.56 

Correct the parts per million of CDAA for per cent recovery as 
determined from a series of untreated crop samples to which known 
amounts of CDAA were added. 

3, APPLICABILITY OF METHOD TO DIFFERENT CROP OR FOOD MATERIALS 

The method is applicable to a variety of vegetable crops with nO 
special difficulties. 

4. DISCUSSION OF METHOD 

The use of chloroform as the extraction solvent often leads to diffi­
culties with the formation of tight emulsions. The use of anhydrous 
granular sodium sulfate in amounts up to that equal to the sample 
weight will greatly aid in breaking emulsions that may form during the 
~Ull}bling or shaking step. It is also possible to place the sample in a 
t eep freezer overnight. Filtration is accomplished as the sample warms 
o rOom temperature. 
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REaction times for the formation of the colored complex may vary 
with the volume and temperature of the distillate. A maximum of 5 
minutes is allowed for shaking, using a wrist-action mechanical shaker. 
The time and volume should be adjusted to give maximu~ consistent 
recoveries. Instrumental readings should be made without delay as the 
color is subject to fading in a few minutes. Excessive cloudiness in the 
chloroform layer is normally removed by drying over a gram or two of 
anhydrous sodium sulfate. 

5. MODIFICATIOlX OF ~lETHOD 

The validity of results follOWing modification of the method should 
be verified by the use of an analytical reference sample. 

REFERENCES 
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Sesone 
H. A. STANSBURY, JR. 

Cl 

C1-O-OCH"CH"oso,ONa 

Sodium 2,4-d'chlorophenoxyethyl sulfate 

I. GENERAL 

A. EMPIRICAL FORMULA 

C,H,O,SCI,N a (Mol. wI. 309.1). 

B. ALTERNATIVE NAMES 

Formerly "CRAG HERBICIDE I" (Union Carbide Chemical Coni­
pany). The name Sesone is the registered trademark of the Union Car­
hides Chemical Company. 

C. SOURCE OF ANALYTICAL STANDARD 

Union Carbide Chemicals Company, 270 Park Avenue, New York 
17, N. Y. 

D. BIOLOGICAL PROPERTIES 

Sesone has the unique property of being nonphytotoxic itself; yet, 
in contact with microorganisms in the soil) it is converted to the active 
seed toxicants, 2,4-dichlorophenoxyethanol and 2,4-dichlorophenoxyace­
tic acid (Carroll, 1952; Isleih and Aldrich, 1953). Sesone is used as a pre­
emergence herbicide on strawberries (Denisen, 1953; Isleib and AIJrich, 
1953), peanuts, and certain established woody ornamentals (Finn et al., 
1954; Kramer and King, 1954). 

The LD," of Sesone, determined by single oral doses to rats, is 1.4 
gm/kg. In the 4-hour rabbit-belly-skin irritation test, a 10% aqueous 
solution gave a highly irritative action. A 1% aqueous solution on the 
rabbit eye was harmless, but an excess of 5% aqueous solution caused 
corneal necrosis. 
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E. HISTORY 

Sesane was first prepared by Lambrecll in the research laboratOries 
of the Union Carbide Chemicals Company (Lambrech, 195.\). King 
et al. (1950) first reported on its herbicidal activity. Later work by 
Carroll (1952) and Vlitos i 1952, 1953) showed that the herbicidal 
activity was dependent upon an acidic soil containing microorganisms. 

F. PHYSICAL PROPERTIES 

The pure salt is a colorless, crystalline, nonvolatile solid of melting 
point l70°C. It is soluble in distilled water up to 25% by weight, but is 
only 4% soluble in hard water containing 260 p.p.m. of calcium carbo· 
nate due to the formation of the slightly soluble calcium salt. Sesone is 
insoluble in common organic solvents except methanol. 

G. CHEMICAL PROPERTIES 

1. METHOD OF SYNTHESIS 

2,4-Dichloro­
phenol 

Ethylene 
oxide 

Cl 

Cl-Q-OCH,CH,QSO,ON. 

Sodium 2,4-dichlorophenoxy­
ethyl sulfate 

Sesone 

amine 
catalyst 

heat 

NaOH 

2,4-Dichlorophenoxyethanol 

ClSo,OH I chlorosullonic 
acid 

Cl 

Cl-Q-OCH,CH,OSo,OH 

2, 4-Dichlorophenoxyethy 1 
acid sulfate 

2. CHEMICAL REACTIONS 

Sesone is cleaved to 2,4-dichlorophenoxyethanol and sodium acid 
sulfate by aqueous acids. Some cations, such as calcium and barium, 
form insoluble salts when added to solutions of Sesone. 
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II. FORMULATIONS 

Sesone is a free-flowing, water-soluble powder containing at least 
90% of sodium 2,4-dichlorophenoxyethyl sulfate. An anti-blocking agent 
is an ingredient in Sesone, 

II. ANALYSIS 

A. FORMULATION ANALYSIs-REcOMMENDED METHOD-­

DETERMINATION :BY ACID HYDROLYSIS 

1. PURPOSE AND LIMITATIONS 

The method (Hogsett, unpublished) is not reliable for samples con­
taining more than 10% inorganic salts. For specification grade material, 
with a minimum purity of 90%, the method yields results reproducible 
to ±1.0%. 

2. PRINCIPLE 

Refined Sesone is hydrolyzed with a measured excess of aqueous 
hydrochloric acid to form an equivalent to titratable acidity. The amount 
of acidity formed, which is determined by titration with standard sodium 
hydroxide, is a measure of the Sesone originally present. 

3. REAGENTS 

Hydrochloric acid, standard 0.1 N. 
Hydrochloric acid, standard 0.5 N. 
Hydrochloric acid, 6.0% (1.8 N). Prepare by diluting 150 m) of conc. 

Hel hydrochloric acid to 1000 ml with distilled water. 
Sodium hydroxide, 0.5 N, standardized. 
Methyl red indicator, 1.0% aqueous solution. 

4. PROCEDURE 

a. Sample Preparation 

From a suitable weighing scoop, introduce 3.5 to 4.0 gm of Sesone 
into each of the two heat-resistant pressure bottles. Weigh the sample 
to the nearest 0.1 mg. Reserve two additional pressure bottles as blanks. 
Wash down the sides of each bottle with 25 ml of distilled water. Add 
five drops of the methyl red indicator and titrate with 0.1 N Hel from 
a yellow or orange color to the first appearance of a red color. Introduce 
20 ml of 6.0% Hel into each sample and blank using a suitable transfer 
pipette. 
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Stopper the bottles and wrap each securely in a canvas bag. Place 
the samples and blanks as close together as possible in a steam bath at 
98 -+- 2°C for 3 hours. Maintain sufficient water in the bath to just cover 
the liquid in the bottles. Remove the bottles from the bat. and allow 
them to cool in air to room temperature. When the bottles have cooled, 
loosen the wrappers, uncap to release any pressure, and then remove the 
wrappers. 

To each sample and blank add 50 ml of isopropanol from a graduate, 
three or four drops of the methyl red indicator, and 50 ml of 0.5 N 
NaOH from a transfer pipette. Use the same pipette for each addition 
and allow the same drainage time for each bottle, as this amount is not 
considered in the final calculation. 

Titrate the contents of each bottle with standard 0.5 N NaOH to 
the first permanent yellow end point. 

b. Calculation 

(A - B)N X 30.91 
'c;-~.-'--cc-'-'----'..."- ~ sodium dichloropheuoxyethyl sulfate, % by weight 

Sample in grams 
where A ~ N normal NaOH required for the sample, milliliters 

B ~ N normal :-;"aOH required for the blank, aver'¥ie milliliters 

B. RESIDUE ANALYSIS-RECOMMENDED METHOD 

1. PURPOSE AND LIMITATIONS 

This method has been devised for the determination of Sesone and 
its hydrolysis products, 2,4-dichlorophenoxyethanol and 2,4-dichlorophe­
nol, in fresh, frozen, and dried plant materials. The procedure is appli­
cable to the analysis of solutions containing 0.003 to 0.220 mg of the 
herbicide and 0.004 to 0.320 mg of its hydrolysis products. A suitable 
dilution of the sample must he made for the analysis of solutions of 
higher concentrations. The practical limit of sensitivity of the method of 
analysis for the hydrolysis products is dependent upon the reproducibility 
of the absorbancies obtained for the reagent blank. For example, the 
absorbance for a reagent blank obtained for a middle cut of redistilled 
A.C.S.-grade chloroform measured against chloroform as a blank has been 
established at approximately 0.1.50 units of absorbance. The repro­
ducibility of each blank determination should be as good as ±0.010 units 
of absorbance. If a sample produced a net absorbance of -+-0.025 units, 
this would be equivalent to 0.25 p.p.m. using a 75-ml aliquot from a 
l50-ml extract of a lOO-gm sample (equivalent to a net sample weight 
of 50 gm). 
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The presence of residues or substances contammg other anionic' 
surface-active compounds such as high molecular weight alkyl or aryl 
sulfates will cause erroneous results because of their reaction with the 
methylene blue chloride. However, most of the soil conditioners and 
insecticides used in conjunction with the herbicide; such as sulfur, lead 
arsenate, lime, DDT, and other chlorinated organic compounds, do not 
interfere. Concentrations of 1000 p.p,m. or more of inorganic chlorides 
will cause some migration of the methylene blue chloride to the chloro­
form layer. The presence of residues or substances of eight or more 
carbon atoms containing ODe or mOre hydroxyl groups will cause erro­
neolls reslllts because of their rea.ction with chlorosulfonic acid to form 
anionic surface-active compounds. 

A blank control extraction is made to correct for any small amount 
of interfering substances inherent in the plant material itself. Decom­
position produds caused by the excessive decay or processing of certain 
plant materials interfere; consequently, the procedure gives reliable 
results only on relatively fresh materials. 

2. PlUNCIPLE 

Sesone, 2,4-dichlorophenoxyethanol, and 2,4-dichlorophenol are ex­
tracted from the plant material with water in a Soxhlet extractor. Half 
of the extract is washed with redistilled chloroform to remove hydrolysis 
products of Sesone; the herbicide itself remains in the aqueous phase. 
The chloroform layer is separated and reserved for the determination of 
hydrolysis products. Methylene blue chloride solution and chloroform 
are added to the aqueous phase. The colored complex formed by the 
herhicide, an anionic surface-active agent, and the indicator is quantita­
tively extracted into the chloroform layer. The intensity of the color is 
measured at a wavelength of 650 m!, and the amount of herbicide pres­
ent is determined by reference to a previollsly prepared calibration 
curve. This method was developed hy Hogsett and Funk (1954). 

The chloroform solution containing the hydrolysis products is reacted 
with a dilute solution of chlorosulfonic acid in redistilled chloroform to 
form the corresponding sulfates. The organic sulfates are re-extracted 
with 0.5 N triethanolamine and added to a two-phase system of chloro­
form and aqueous methylene blue chloride solution. The intensity of the 
colored complex in the chloroform layer is measured at a wavelength 
of 650 m!', and the amount of the hydrolysis products present is deter­
mined as 2,4-dichloTOphenoxyethanol by reference to a preViously pre­
pared calibration curve. The absorbance of low concentrations of the 
sulfates of 2,4-dichlorophenoxyethanol and 2,4-dichlorophenol when com­
plexed with methylene blue is the same. 
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3. REAGENTS 

Methylene blue chloride solution. Dissolve 0.050 +:4°.005 gm cf 
Eastman Kodak reagent grade methylene blue chloride indicator in 
500 ml of water contained in a I-liter volumetric Hask. Carefully add 
200 ml of conc. Reagent Grade H,PO" mix the solution, and dilute to 
1 liter with additional distilled water. 

Chloroform, A.C.S. redistilled; should not exhibit a reagent blank 
greater tban 0.200 absorbance units measured on a suitable spectropho­
tometer at 650 m" versus pure chloroform as a blank in I-em cells. Deter­
mine the absorbance for the reagent by following the procedure as 
outlined helow. The absorbance for the reagent blank should be deter­
mined on each distillation middle cut. If the chloroform has been prop­
erly distilled this value should become a constant and is variable only 
as a result of the technique used in the procedures. 

Chloroform distillation. Introduce 5 gallons of A.C.S. chloroform 
into a 22-liter kettle attached to a column which has a rectification 
equivalent to 20 plates. Allow the distillation to attain equilibrium and 
remove the distillate at a 1: 1 reflux ratio until the chloroform-ethanol 
CBM has been removed (approximately 2 quarts). Collep! an additional 
25 ml of the distillate, transfer to a 50-ml glass-stoppered separatory 
funnel, add 5 ml of concentrated nitric acid, and shake Vigorously. If a 
yellow color develops in the acid layer after 5 minutes standing, some eth­
anol remains and must be removed. Collect a middle cut of the chloroform 
at a 1: 1 reflux ratio, and discontinue the distillation when approximately 
6 quarts of the residue remains in the kettle. Store the middle cnt in 
5-pint brown glass bottles. Reserve the heads and residues for use in 
Section d, below. Add 3.6 gm of pure hydroquinone to each 5-pint 
bottle of the chloroform. This stabilizes the chloroform for at least 60 
days. The insoluble hydroquinone should be removed by filtration just 
prior to use and readded to any unused portion. 

Nitric acid, concentrated A.C.S. grade. 
Phosphoric acid, concentrated A.C.S. grade. 
Methanol, A.C.S. grade. 
Triethanolamine, 0.5 N aqueous solution. Dilute 75 gm of 98% tri­

ethanolamine to 1 liter with distilled water. 
Sodium 2,4-dichlorophenoxyethyl sulfate, recrystallized from meth­

anol, 98.0% by weight, minimum. 
Chlorosulfonic acid, Monsanto designated pure. NOTE: Chlorosul­

fonic acid is a hazardous chemical and may cause burns or violent re­
action on contact with water. DO NOT POUR CHLOROSULFONIC 
ACID IN THE SINK. 

Chlorosulfonic acid reagent. Pipette 3 m! of chlorosulfonic acid into 
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a 100-ml volumetric flask containing a few milliliters of chloroform and 
dilute to volume with additional redistilled chloroform. Prepare a fresh 
solution daily. If the reagent turns yellow after several hours, a fresh 
reagent should be prepared. Check the reagent blank of this chloroform 
before use. 

2,4-Dichlorophenoxyethanol, 98.0% minimum hydroxyl value by ace­
tylation with acetic anhydride. 

4. EXPERIMENTAL PROCEDURE 

a. Preparation of Sample 

Dice the sample with a suitable cutting instrument so that the pieces 
will fit into a 250-ml Soxhlet extractor. 

If the sample cannot be analyzed immediately, place in a vacuum 
oven at 500 e and 2-mm vacuum until dried. The dried sample and 
condensate can then be analyzed at a later date. 

b. Sample Extraction 

Assemble a series of six 250-ml Soxhlet extractors so that the kettles 
can be conveniently heated by means of strip heaters. Cover the bottom 
of the extractors with a plug of glass wool. Transfer 150 ml of distilled 
water to each of the Soxhlet extractor kettles. 

Into three of the extractors introduce sufficient treatment plant 
material to conveniently fill the extractor. For dried plant material, 
introduce into a Soxhlet thimble 15 to 20 gm of the sample weighed to 
the nearest 0.10 gm. For fresh materials, use at least 100 gm, weighed 
to the nearest 1.0 gm. 

Introduce approximately the same amount of control or untreated 
plant material, if available, into the remaining extractors. 

Apply heat to the extraction flasks and allow the extractions to 
continue until three siphonings have occurred. Remove heat and allow 
the contents of each flask to cool to room temperature. 

Filter the contents of each flask through a "'batman No. 1 filter 
paper using a suitahle suction flask. Reserve each filtrate for the analysis 
procedures. If the extracts cannot be analyzed immediately, store in a 
suitable cold bath or refrigerator to prevent the formation of mold. 

c. Determination 

i. Sesone. 

(1) Transfer a 7.5-ml aliquot of each filtered emact (see the last 
of Section b, above) into respective 250-ml separatory funnels and 
.add 100 ml of redistilled chloroform from a graduate. 
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(2) Into an additional separatory funnel introduce 75 ml of distilled 
water and 100 ml of redistilled chloroform, and reserve as a blank on 
the reagents. 

( 3) Shake the contents of the scparatory funnels for severa~ seconds 
and allow to separate into two distinct layers. 

(4) Draw off the lower layers and filter through a Whatman No.1 
filter paper into separate wide-mouth pressure bottles and reserve for 
the hydrolysis products determination as described in Section ii below. 
Before each analysis, the bottles should be thoroughly washed with 
cleaning solution and dried with acetune. 

(5) From a graduate, add 50 ml of A.C.S.-grade chloroform and 
25 ml of methylene blue chloride solution to the remaining aqueous phase. 

(6) Shake the contents of each funnel and allow the layers to 
separate and stand at room temperature for 15 minutes. 

(7) Draw off the lower layers into separate 125-ml glass-stoppered 
Erlenmeyer Hasks. Discard the aqueous layers. 

(8) Transfer a pOltion of the blank and sample to the respective 
cells of a Beckman Model B spectrophotometer and obtain an absorb­
ance reading for the sample at a wavelength of 650 m!, using Ii reagent 
blank as reference (see Volume I, Chapter 8 for a discussion,of spectro-
photometric methods). / 

(9) From a previously prepared calibration curve, read the mg of 
Sesone corresponding to the optical absorbance reading. 

(10) Calibration curve. Dissolve exactly 0.200 gm of recrystallized 
Sesone in 100 ml of distilled water in a I-liter volumetric Hask and dilute 
to volume with additional water. Introduce 1, 2, 5, 10, and 20-ml 
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aliquots of this solution into 100-ml volumetric flasks and dilute to volume 
with distilled water. 

Obtain the absorbance of each standard, using a 5-ml aliquot as the 
sample, and 5 ml of distilled water as a blank, following the procedure 
described in paragraphs (5) to (9) in this section. These amounts 
correspond to 0.01, 0.02, 0.05, 0.10, and 0.20 mg of Sesone. 

Plot a calibration curve of absorbance against milligrams of sulfate 
using the values obtained above. The calibration adsorption for 0.1 mg 
is approximately 0.2.5 units of absorbance. A typical calibration curve 
is illustrated in Fig. 1. 

( 11) Calculation 

, A X 2000 
p.p.ill. Sesolle ~ I 

gm samp e 

where A = Sesone obtained from the calibration curve, milligrams. 
If an absorbance reading is obtained for the control or untreated plant 
material, an average of the absorbancies for three blank determinations 
should be subtracted from each sample absorbance. 

ii. Sesone Hydrolysis Products. 

( 1) Carefully evaporate each of the chloroform extracts which 
were set aside during the Sesone procedure to 10 ± 1 ml on a suitable 
steam bath. Do not evaporate to dryness. Care must be exercised to 
prevent moisture from coming into contact with the sample. 

(2) Remove the bottles from the bath and allow the remaining 
chloroform extract to cool. Into each bottle introduce 10 ml of the 
chlorosulfonic acid-chloroform reagent, swirl Vigorously, and allow to 
stand for 2 minutes. When the extraction solution is colored, it is impera­
tive that both the sample and the control blank stand for exactly the same 
length of time. 

(3) Add .50 ml of 0 . .5 N aqueous triethanolamine solution to each 
bottle, swirl vigorously and transfer the contents of each bottle into 
separate 2.50-ml separatory funnels. Wash each bottle with 10 ml of water, 
collecting the rinsings in the respective funnels. 

( 4) Stopper each funnel and shake several times, venting the funnel 
after each agitation. In the case of dark-colored solutions, vigorous agita­
tion will cause an emulsion to form, and consequently a poor separation. 

(5) Allow each solution to stand for 10 minutes or until a clear 
separation of the two layers is affected. Discard the lower or chloroform 
layer and filter the upper or water layer through a Whatman No.1 filter 
paper into a clean separatory funnel containing 25 ml of the methylene 
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blue chloride solution. Swirl the contents of each separatory funnel, then 
add 50 ml of A.C.S. grade chloroform. 

(6) Shake the contents of each funnel and allow the layers to 
separate and stand at room temperature for 15 minutes. Draw off the 
lower layer into a convenient vessel and discard the upper layer. 

(7) Transfer a portion of the blank and sample to the respective 
cells of a Beckman Model B spectrophotometer. Obtain an absorbance 
reading for the sample at a wavelength of 650 m!, based on a reading of 
a for a blank of the reagents. 

(8) From a previously prepared calibration curve, read the total 
milligrams of 2,4-dichlorophenoxyethanol and 2,4-dichlorophenol as 2,4-
dichlorophenoxyethanol corresponding to the optical density. 

(9) Calibration curve. Transfer exactly 0.200 gm of pure 2,4-
dichlorophenoxyethanol to a 1000-ml volumetric flask containing 500 ml 
of distilled water. Warm the flask to approximately 6WC and swirl to 
effect a solution. Dilute to the mark with additional distilled water. 

Introduce 1, 2, 5, 10, and 20-ml aliquots of this solution into IOO-ml 
volumetric flasks and dilute to volume with distilled water. 

Obtain the absorbance of each standard using a 10-ml aliquot as the 
sample. Pipette each sample into a separatory funnel containing 65 ml of 
distilled water and 100 ml of redistilled chloroform and follow the proce­
dures as outlined in paragraphs (2) through (8) under "Sesone proce­
dure" and (1) through (7) under "Sesone hydrolysis products pro­
cedure." These amounts correspond to 0.02, 0.04, 0.10, 0.20, and 0.40 mg 
of pure 2,4-dichlorophenoxyethanol. 

Plot a calibration curve of absorbance against milligrams of 2,4-
dichlorophenoxyethanol using the values obtained above. The calibrat'on 
absorption for 0.1 mg is approximately 0.220 absorbance units. A typical 
calibration curve is illustrated in Fig. 2. 
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A X 200 
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gIDSimpte 
= total 2,4-dichlorophenol and 2,4-dichlorophenoxyethanol, p.p.m. 

where A = 2,4-dichlorophenoxyethanol, milligrams from calibration 
curve. 

If an absorbance reading is obtained for the control or untreated 
plant material, an average of the absorbancies for three blank deter­
minations should be subtracted from each sample absorbance. 
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Silvex 
R. P. MARQUARDT 

Cl 

Cl O-b-COOH -Q- CH, 

I 
H 

Cl 

2-( 2,4,5-Trichlorophenoxy ) propionic acid 

I. GENERAL 

A. EMPIRICAL FORMULA 

C,H,O,CI, (Mol. wt. 269.51). 

B. SOURCE OF ANALYTICAL STANDARD 

Bioproducts Center, The Dow Chemical Company, Midland, 
Michigan. 

C. BIOLOGICAL PROPERTIES 

Silvex is a selective herbicide for control of woody plants. 

D. HISTORY 

See Chapter 11 on "2,4-Dichlorophenoxyacetie Acid" in this volume. 

E. PHYSICAL PROPERTIES 

Melting point: 177-178°C (uneorr) (Synerholm and Zimmerman, 
1945). 

Solubilities (grams of silvex/100 gm of solvent at 25°C). Data by 
Kaufman (1954). 

Water 
Methanol 
Diethyl ether 
Acetone 

211 

0.0176 
13.39 
9.76 

18.00 
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n-Heptane 0.086 
Benzene 0.472 
Carbon tetrachloride 0.095 . 

Silvex is a white, crystalline material, stable and no~ygroscopic. 

II. ANALYSIS 

See Chapter 11 on «2,4-Dichlorophenoxyacetic Acid" in this volume. 

REFERENCES 

Kaufman, D. C. (1954). The Dow Chemical Company. Personal communication. 
Synerholm, M. E., and Zimmerman, P. W. (1945). Contribs. Boyce Thompson lnst. 

14, 91-103. 
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Simazine 
E. KNiiSLI, H. P. BURCHFIELD, AND ELEANOR E. STORRS' 

CI 

N~N 
A-jl__ 

C2H5NH N NHC2 Hs 

2-Chloro-4,6-bis-ethylamino-s-triazine 

I. GENERAL 

A. EMPIRICAL FORMULA 

C,H"CIN, (Mol. wt. 20l.66). 

B. ALTERNATIVE NAMBS 

Trial number G 27692. Trade names for general use; Simazine Geigy; 
Prima tal S. Trade names for selective use; Simazine Geigy; Gesatop. 
In some (:ountries, a mixture of simazinc and aminotriazole is sold. It is 
named Vorox for special weed problems in the general field and Domatol 
for the selective field. 

C. SOURCE OF ANALYTICAL STANDARD 

J. R. Geigy S.A., Basel, Switzerland; Geigy Agricultural Chemicals, 
Ardsley, N.Y. 

D. BIOLOGICAL PROPERTIES 

1. HERBICIDAL ACTIVITY 

5imazine is a pre-emergence herbicide for general and selecti.ve use. 
The actual and potential fields of selective applications are; corn, vine, 
asparagus, small grains, peas, beans (Vicia spp.), alfalfa, sugar cane, 
pineapple, rubber, tea, coffee, cocoa, sisal, pyrethrum, strawberries, blue­
berries, cranberries, red currants, boysenberries, raspberries, pip fruit 
trees, citrus, forestry, ornamentals, sunflowers, special lawn and turf 
grasses (Cynodon dactylon, Zoisia spp.). 

1 Sections I, n,A,B,C,1-3 by E. Kniisli; Section II,C,4 by H. P. Burch­
field and E. E. Storrs. 

9.13 
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2. TOXICITY 

Acute oral toxicity: LD5 (1 for mouse, rat, rabbit, chicken, pigeon: 
more than 5,000 mg/kg. ... 

Chronic toxicity: A series of rats fed for 2 years with a daily oral 
uclministration of 2, 20, and 200 p.p.m. (related to food intake) of 
simazine 50 W were comparable in all respects with the controls. 

Cutaneous toxicity: A 10% aqueous suspension of simazine 50 W 
applied for 5 consecutive days to rats caused no signs of adsorptive 
toxicity. 

Toxicity to fish: No toxic symptoms of saturated aqueous solutions 
shown by carp and trout. 

E. lhSTORY 

H. Gysin and E. Kniisli are co-inventors (to J. R. Geigy S.A., Basel, 
Switzerland) of the Swiss Patents 329,227 and 342,784. See also Gast 
ct al. (1956). 

F. PHYSICAL PROPERT[£S 

Melting point: 22i>-227'C. 
Solubility: 

Water at O°C 0.0002% (2 p.p.rh.) 
Water at 20°C 0.0005% (5 p.p.m.) 
Water at 85°C 0.0084% (84 p.p.m.) 
Methanol at 20°C 0.04% (400 p.p.m.) 
n-Pentane at 25°C 0.0003% (3 p.p.m.) 
Ethyl ether at 25°C 0.03% (300 p.p.m.) 
Chloroform at 20°C 0.09% (900 p.p.m.) 

Simazine is colorless, not combustible, not explosive, not corro'sive. 
pK value iu water at 22°C: 1.6.5. 
UV spectra: see Fig. l. 
IR spectra: see Fig. 2. 

G. CHEMICAL PROPERTIES 

1. METIlOD OF SYNTHESIS 

To synthesize simazine react cyanuric chloride with two equivalents 
of ethylamine in the presence of an acid acceptor. 

2. PROPERTIES 

Simazine sublimates at higher temperatures; it is stable in neutral, 
slightly acidic or basic media: it hydrolyzes to the herbicidally inactive 
2-hydroxy-4,6-bis-ethylamino-s-triazine in acidic or basic media, especially 
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at higher temperatuI'es. Physical data of 2-hydroxy-4.,6-bis-ethylamino-s­
triazine are as follows: melting point, > 250°; solubility at 25°C in water, 
0.0004%; in methanol, 0.0011%; in chloroform, O.OOOO~. 
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H. FORMULATIONS 

Simazine is available in the following formulations: 80% wettable 
powder, 50% wettable powder, 25% paste formulation, and ,*% and 8% 
granules. 

II. ANALYSIS 

A. RECOMMENDED METHO)} FOR WETTABLE POWDERS 

1. PRINCIPLE 

In this method (Suter, 1955) the chlorine atom of simazine is 
converted to ionic chloride by reacting simazine with an excess of 
morpholine and titrating potentiometrically. The potentiometric reading 
for ionic chloride of other origin is subtracted. 

2. REAGENTS 

M orpholine, Analytical Grade. 
Sulfuric acid, Analytical Grade, 50%. 
Silver nitrate, 0.1 N. 
Ethanol, chlorine-free. 

3. EXPERIMENTAL PROCEDURE 

a. Total Chlorine Content 

Weigh 1.500 gm of the sample into a 100-ml round-bottomed flask 
and add 20 ml of morpholine. Keep for 30 minutes on the bOiling water 
bath and rinse afterwards quantitatively with distilled water intQ a 
400-ml beaker. Acidify with 50% H,SO" cool to room temperature, and 
titrate potentiometrically with 0.1 N AgNO,. 

b. Ionic Chloride Content 

Weigh 1.500 gm of the sample and transfer to a 400-ml beaker. 
Wet with 10 ml of ethanol, dilute with distilled water to about 300 m!. 
Acidify slightly with 50% H,SO, and titrate immediately potentiometri­
cally with 0.1 N AgNO,. 

c. Discussion of Interferences 

A possible contaminant 2,4-dichloro-6-ethylamino-s-triazine simulates 
a higher content of simazine than is actually present. The method does 
not differentiate between simazine and analogous 2-chloro-4,6-diamino­
s-triazines. 



d. Sensitivity 

±0.5%. 

e. Calculation 

23. SIMAZINE 

C1 S· .' _ (a - b) X 201.66 X 100 
/0 ImaZll1e - w X 10,000 

where a ~ 0.1 N AgNO, corresponding to total chlorine, milliliters 
b ~ 0.1 N AgNO, corresponding to ionic chloride, milliliters 
w = weight of sample, grams 

B. SUPPLEMENTARY ]\.:fETHOD FOR WETTABLE POWDERS 

1. PRINCIPLE 

217 

(1) 

This method (Suter, 1955/1958) is based on the titration of one 
ethylamino group of simazinc with perchloric acid. 

2. REAGENTS 

Acetonitrile (distilled over phosphorus pentoxide). 
Glacial acetic acid (Analytical Grade). 
Perchloric acid in glacial acetic acid, 0.1 N. 

3. EXPERIMENTAL PROCEDURE 

a. Extraction 

Extract an amount of wettable powder (w = weight of the sample 
in grams), equivalent to about 0.5 gm of simazine exhaustively with 
acetone. Evaporate the solvent to dryness. 

b. Titration 

Transfer the residue quantitatively with 100 ml of acetonitrile and 
20 ml of glacial acetic acid into a 250·ml beaker. Add from a burette 
20 ml of 0.1 N perchloric acid while stirring. When the material is com­

plctely dissolved, titrate potentiometrically with 0.1 N perchloric acid 
(c = total amount of 0.1 N perchloric acid consumed, ml). Elec­
trodes: glass/silver. 

c. Discussion of Interferences 

Other s-triazine derivatives bearing at least two amino groups are 
included in the value obtained. 2,4-Dichloro·6·ethylamino-s·triazine does 
not interfere. 
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d. Sensitivity 

±0.5%. 

e. Calculation 

KNUSLl, BUl\CHFIELD, AND STORRS 

% Simazinc 
c X 201.66 X 100 

1/' X 10,000 

4. CALCULATION :FOR 2,4~DICHLORO-6-ETIIYLAMINO-S-TRIAZ1NE 
OR 2,4,6-ETHYLAMI!,;,"O-S-TRIAZINE 

a. Calculation 

(2) 

If the values following Egs. (1) and (2) are dillerent, either 2,4-
dichloro-6-ethylamino-s-triazine or 2,4,6-tris-ethylamino-s-triazine may be 
present. The content of these contaminants is calculated as follows: 

If the value of Eg. (1) is higher than Eg. (2), then Eg. (2) = con­
tent of simazine 

lEg. (1) - Eg. (2)J X 193.04 
201.66 X 2 

~ wntent of 2,4-dichloro-6-ethylamino-s-triazille (3) 

If the value of Eg. (2) is higher than Eg. (1), the6 Eg. (1) = con-
tent of simazine ! 

lEg. (2) - Eq. (I)J X 210.28 
20J.(i(j 

~ content of 2,4,u-tris-ethylamino-s-triazine (4) 

b. Accuracy of the Method \ 
The standard deviation of the two methods (chlorine determination 

and perchloric acid titration) is ±O.5% for simazine. Therefore, the values 
calculated for 2,4-dichloro-6-ethylamino-s-triazinc or 2,4,6-tris-ethylamino­
s-triazine, respectively, may only be considered significant if they are 
higher than 0.5%. 

c. Discussion of Interferences 

The analogous 2,4-dichloro-6-amino-s-triazines or 2,4,6-tris-amino-s­
triazines are not diHerentiated. 

C. RESIDUE ANALYSIS 

1. REV.(EW OF METHODS 

Simazine can be determined by physicochemical as well as biological 
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methods. Data for spectrometric and colorimetric determinations and 
for the determination by bioassay are given. 

2. RECOMMENDED METHOD--SPECTROMETRIC METHOD 

a. Principle 

In this method (Delley, 1956; Gigger et al., 1961) the residue, is 
extracted with chloroform and washed. The chloroform is re-extracted 
with simultaneous hydrolysis by shaking with 50% sulfuric acid. In this 
process, the chlorine of simazine is replaced by a hydroxy group: 

Cl 
I 
C 

N/ '::N 
II 1 

........ G, --;::::::G.... 
C,H,NH N NHC,H, 

OH 
I 
C 

N/ ~N 
II I 

/C, ...:::;:-C ........ 
C,H,NH N NHC,H, 

The cation of the hydrolysis product shows a maximum absorption at 
240 m". 

b. Reagents 

SulfUriC acid, Analytical Grade, 50%. 
Chloroform, Reagent Grade, 
Carbon tetrachloride, Reagent Grade. 
Diethyl ether, Reagent Grade. 
Eluting solvent. 5% Diethyl ether in carbon tetrachloride v Iv. 
Aluminum oxide. Woelm, basic, activity grade I (from Alupharm 

Chemicals, Post Office Box 755, New Orleans, La.). 
Aluminum oxide. Woelm, basic, activity grade V. Prepared by mixing 

85 gm of Woelm, basic alumina, activity grade I with 15 gm of water. 
The mixture is set aside for at least 2 hours and preferably overnight, 
before use. 

c. Analytical Procedure 

i. Extraction. 

A 200-gm sample of the crop to be analyzed is homogenized with 
100 ml of chloroform, 400 ml of chloroform is added, and the slurry is 
shaken for one-half hour. The solvent is decanted through anhydrous 
sodium sulfate and the volume of the filtrate is recorded. An aliquot part 
of the extract, equivalent to 50 gm of crop sample is carefully evaporated 
to dryness on a water bath in a 250-ml beaker, using a gentle stream of 
air. The residue is taken up in 10 ml of carbon tetrachloride, 
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ii. Column Clean-up. 

A dry packed column is prepared by adding 25 gm of Woelm basic 
aluminum oxide, activity grade V, to a 1.9-cm column equipllfu with a 
fritted disk. The column is tapped gently to eliminate channeling and to 
achieve nniform packing. 

Ten milliliters of CCI. containing the crop extract is added to the 
column surface and the beaker is rinsed with 10 ml of CCI •. A 250·ml 
suction flask is attached to the column as a receiver. \Vhen the surface of 
the 20-ml extract has reached the column surface, 80 ml of CCI. are 
added and run through the column. A slight amount of suction may be 
used to maintain a uniform flow rate. 

When the solvent surface again reaches the surface of the column, 
the 250-ml suction flask is replaced by another one, and at the same 
time 100 ml of 5% diethyl ether in carhon tetrachloride is added to the 
column. All of the 100-ml eluate is then collected, heated on a stearn 
bath to remove the ether phase, and transferred to a 250-ml separatory 
funnel fitted with a Teflon stopcock. 

iii. Insertion of an Additional Column Clean-up. 

An additional clean-up is provided by loading the c1!loroforrn ex­
tract, as described in Section ii above, on activity grade I acidic alu­
minum oxide, eluting the simazinc with chloroform and evaporating to 
dryness, taking up the simazine in carbon tetrachloride and proceeding 
as descrihed above. Hydroxysimazine loaded on activity grade I acid 
aluminum oxide is not eluted by chloroform, but by absolute methanol. 

iv. Extraction Without Chromatographic Clean-Up. 

Extract the sample to be tested with chloroform. Wash the chloro­
form extract, which has a volume of about :200-400 ml, twice with 100 
ml of 2% NaOH. then three times with 100 ml of 0.5 N HCI and finally 
once with water. Afterward, rinse the washed extract into a clean Erlen­
meyer flask. Small drops of water suspended in the chloroform cause a 
slight turbidity and are removed by filtering through cotton wool. Con­
centrate the extract to a volume of about 10 to 20 m\. 

This procedure may be tried flrst, and if the interferences are rela­
tively low, the chromatographic clean-up steps (Sections ii and iii above) 
may be eliminated. 

v. Hydrolysis. 

Transfer the concentrate which contains 0-150 [tg of Simazine, to 
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a clean lOO·ml separatory funnel. Rinse the Erlenmeyer flask with a 
small amount of CCI, and add it to the extract in the separatory funnel. 
The final volume will be between 20 and 25 ml. 

Add 1 ml of about 50% H,SO,. shake for 30 seconds and allow to 
stand for about 30 minutes. Repeat this procedure three times. At the 
end of the fourth 30-minute period, the hydrolysis is completed. It is 
important that the separatory funnel he shaken four times and allowed 
to stand in between each time for at least 30 minutes; Le., the hydrolysis 
takes at least 2 hours or more. Add 9 ml of water and mix gently. After 
separation of the layers, draw off the bottom layer and discard it. Wash 
the upper aqueous layer once with chloroform. Pour the washed aqueous 
layer into another clean lOO-ml separatory funnel and shake it with 25 
ml of diethyl ether. Unremoved chloroform would interfere with the 
determination at 225 millimicrons. Transfer an aliquot of the aqueous 
layer directly into a I-cm quartz cell for reading. 

If the sample contains more than 150 "g of simazine, a larger 
amount of water may be used for the dilution. For developing the cation 
approximately 0.001 N acid is sufficient. Such dilution has to be con­
sidered in the calculation. 

vi. Spectrophotometric Reading . 

.\feasure the absorbance at 225, 240, and 255 m". For comparison, 
lise a cell filled with water. The readings at 225 and 255 m" are used for 
a backgrOllnd correction. Examples of absorbance readings are given 
in Table 1. 

TABLE I 
SAMPLE ABSORBANCE READINGS 

Blank value of the reagents 
100 J.lg of aimazine 
Blank value of an extract from 50 gm of 

untreated corn leaves 

.. Ez = extinction at X m,u. 

0.048 
0.410 
0.327 

0.029 
1.10 
0.261 

E'" 

0.024 
0.12 
0.239 

-0.007 
0.835 

-0.022 

A spectrophotometer (Beckman DU) with a hydrogen lamp, a 
photocell, sensitive to blue, and I-em quartz cells may be used. 

d. Interferences 

Other 2-chloro-4,6-diamino-s-triazines will interfere. 
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e. Sensitivity and Recovery 

In ahsolute terms, quantities of 2 I'g may be detected. The limit of 
detection of the method varies somewhat with different subst"tes; faT 
com it is 0.1 p.p.m., for asparagus 0.05 p.p.m. The recoveries in standard 
determinations with addition of known amounts of simazine are 80-100%. 

f. Calculation 

To determine the sima.zine content, it is necessary to prepare a 
calibration curve using known amounts of simazine. The measured ab­
sorbances give the difference, t:., by the following Eq. (5): 

L1=A240- (
A 255 + A 225) 

2 

where A:\ = absorbance at ,vavelength A. 

The difference t:. is corrected by subtracting a blank value obtained 
for the reagents used. It is convenient also to calculate the instrument 
factor (F) from the graph; for instance, for the Beckman DU used this 
factor was 120. 

It is necessary to carry out a blank test on an untre~ted sample, 
and it is convenient not only to calculate the final value of the simazine 
content but also to express the difference t:. of the untreated sample. The 
hlank values are often negative so that subtraction of a negative value 
corresponds to an addition of the representative figure. 

g. Applicability of the M ethad to Different Crop and 
Food Materials and Soil \ 

The method has been successfully applied to the determination of 
residues in corn (leaves, stalks, kernels), asparagus, grapes, apples, 
pears, citrus, millet, cabbage, milk (see Section h), and soil (Section i). 

h. M odi{ication of the M ethad for the Determination of Simazine in Milk 

i. Principle. 

In this method (Delley, 1956) the casein and the milk fat are 
precipitated) and the simazine extracted from the aqueous solution with 
chloroform. 

ii. Reagents. 

Acetic acid, 2 N. 
Sodium acetate buffer solution. 1 part by volume of 2 N acetic acid 

+ 1 part by volume of 1 N NaOH. 
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iii. Precipitation. 

Transfer 200 ml of milk into a 600·ml beaker, and add 200 ml of 
methanol and mix thoroughly. Introduce, with stirring, 20 ml of the 
sodium acetate buffer solution in the form of a fine jet. The proteins 
precipitate in a well filterable form. Now cool in ice, and afterwards pass 
the mixture through a folded filter paper. Squeeze the residue retained 
in the filter paper slightly, tilen rinse it by means of a water-jet into the 
beaker. To this residue add 200 ml of methanol and adjust also the 
aqueous filtrate to 200 m!. Add 10 ml of 1 N NaOH under constant stir­
ring to get the main part of the residue in solutinn. Repeat the precipita­
tion with 10 ml of 2 N acetic acid, cool, filter again and carefully squeeze 
the residue in the Iilter paper. 

iv. Extraction. 

Combine both filtrates in a lOOO-ml separatory funnel and extract 
three times with 6O-ml portions of chloroform. The two layers separate 
after a period of time. Drain off a possibly remaining intermediate emul­
sion phase together with the chloroform layer. The combined chloroform 
extracts contain simazine. Now follow procedure as described in 
Sections c, iv-vi. 

The sensitivity of this method is 0.02 p.p.m. 

v. Recovery. 

Values from milk without any simazine added are similar to that 
of the reagents alone. Some recovery values are shown in Table II. The 

TABLE II 
RECOVERY OF SIMAZINE FROM FORTIFIED MILK SAMPLES 

E22!J + E205 
Simazille 

D. = E2to - found, Yield 
NO,a 225 mJ.! 240 rn,u 255 m,u 2 "' 

c: 
" 

0.068 0.048 0.038 -0.005 
2 0.156 0.189 0.076 0.073 8.8 88 
3 0.214 0.524 0.076 0.379 46 92 
4 0.329 0.885 0.107 0.667 80 .. \ 80 

a 1 = milk without any additive; 2 = milk + 0.05 p.p.m. simazinci :1 = milk + 
0.25 p.p.m. simazir.ej and 4 = milk + 0.5 p.p.rn. simazinc. 

yield of simazine added to milk is 80-90%. It is recommended that a 
~orrection factor he determined by adding simazine to milk. Proceed as 
follows: 
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Dissolve the required amount of simazine in 1-2 ml of methanol 
and pour it into the milk. Simazine dissolved in milk is stable, and even 
after three days there is no remarkable decrease of the simazine content. _. 
i. Modification of the Metlwd for the Determination of Simazine in Soil 

Depending on the adsorptive power of the soil, the standard method 
described before does not always give satisfactory results. An improve­
ment seems to be reached by extracting the soil exhaustively. with di­
chloromethane (Storrs and Burchfield, 1960) or dioxane (Freed, 1961). 
In any case, strictly comparative tests with added known amounts of the 
herbicide to the respective soil are highly recommended. For practical 
information on soil residues, bioassays (see below) are often very useful. 

3. RESIDUE ANALYSIS BY BIOASSAY 

Bioassays indicate the amount of simazine available to the test 
plants, but do not give absolute values. However, in many practical 
cascs the only question of interest may be whether a special crop plant 
is damaged or killed by residues. When absolute results are desired, it 
1S necessary to run strictly comparative tests with known amounts of 
simazine added to the specific soil type in question. It may also be useful 
to carry out the determination simultaneously by bioassay; and chemical 
methods. The following extreme case (Gast, 1959) may -be cited: 

A heavy quantity of charcoal was admixed with soil which had been 
treated with simazine at a rate normally lethal for a series of different 
test plants. The plants were unharmed, i.e., the toxic material was not 
available to the plants because of the strong adsorption by the charcoal. 
By extraction with chloroform and subsequent analytical determination 
by the spectrometric method (see above), however, a considerable 
amount of simazine present could be traced out without difficulty. No 
example has been found until now where simazine 'vas available to the 
test plants, but could not be found by extraction and subsequent 
analytical determination. 

a. Test Plants Proposed 

Barley (Van der Zweep, 1958), oats (Burnside, 1959; Gast, 1958/ 
1959; Slife, 1958), grain sorghum (Cast, 1958/1959; Talbert, 1960/1961), 
soybeans (Burnside, 1959; Talbert, 1960/1961), and com (Burnside, 
1959) were proposed as indicator plants suitable for the determination 
of simazine by bioassay. 

\Vith oats, the limits of possible determinations were found to 
be 0.015 p.p.m. in a sandy soil and 0.03 p.p.m. in a black soil (Slife, 
1958). In a Waukegan silt loam, Clinteland oats were reported to be 
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useful for the determination of residues in the range from 0.025 to 1 
p.p.m. (Burnside, 1959). For better differentiation, more linear de­
velopment, better reproducibility under different temperature and light 
conditions and easier planting and establishment, Flambeau soybeans 
were preferred to oats. Their useful range lies in 0.5-8 p.p.m. simazine 
(Burnside, 1959). For the high ranges from &--256 p.p.m., Corn A 502 
X A 556 was proposed as indicator plant (Burnside, 1959). 

b. Example of a Determination by Bioassay 

In a Mexican silt loam bioassays were carried out with Clark soy­
beans in the following way (Talbert, 1960/1961): 

i. Standard Cuneo 

Standard amounts of simazine were thoroughly mixed into the soil 
taken from an area adjacent to the experiment. Rates of 1.5, 1.25, 1.00, 
0.75, 0.50, 0.25, and 0.00 p.p.m. of the chemical were used. Six cups 
of each rate were planted with Clark soybeans and were thinned to six 
plants each as they emerged. After 30 days of growth, the tops were 
harvested, dried to constant weight, and weighed. The weights of the 
plants treated with the different rates of sirnazine were expressed as 
per cent of the weights of the untreated control plants. With these 
values, the standard curve was established. 

ii. Determination at Soil Residues. 

The soil samples from the field to be assayed were allowed to come 
to room temperature and then thoroughly mi¥ed_ Three DOO-gm parhom 
were removed from each sample and put into 16-ounee cups. This (with 
two replications) makes a total of six samples. Ten soybean seeds were 
planted in each cup and were grown and harvested under the same 
conditions as used in establishing the standard curve. The values were 
compared to the standard curve. 

iii. Range at Phytotoxic Effects. 

Significantly reduced plant weight was observed from 0.5 p.p.m. 
upward. 

4. COl.omMETRIC METHOD 

a. Principle of Method 

Simazine can be analyzed by a modincahon of the method de­
veloped for dyrene (Burchfield and Storrs, 1956). The mechanism is 
probably the same as described by Zincke (1904) for the reaction which 
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takes place between l-chloro-2,4-dinitrobenzene and these reagents. The 
successive steps are believed to occur as follows, where the symbol Tr 
represents the triazine. 

Tr-Cl + 

I II III 

H OH 

NaOH ~ Tr-N=O + Tr-NR-CH=CH-CH=CH-CHO 

IV V 

Tr-N= CH-CH= CH-CH=CHOH 

VI 

--- O=CH-CH=CH-CH=CHOH + Tr-NH, 

VII VIII 

Chloro-triazines react readily with pyridine because the halogen 
atom in the heterocyclic ring is labile. A nucleophilic substitution re­
action takes place between the triazine (I) and pyridine (II) to yield a 
quaternary pyridinium halide (III) which undergoes addition of a 
hydroxyl group to form the carbinol base (IV). In the presence of alkali, 
the heterocyclic ring opens to yield an anil of glutaconic dialdehyde (V) 
which exists in equilibrium with the enol form (VI). The equilibrium 
mixture of V and VI probably yields the color wbich is measured. The 
absorption maximum is at 436 m!, (Fig. 3). The color fades rapidly, 
probably owing to hydrolysis of tbe anil (VI) to glutaconic dialdehyde 
(VII) and an amino triazine (VIII). 

Altbough the reactions leading to color development by simizine and 
dyrene are probably the same, the conditions under which tbey take 
place are diHerent. Simazine is less reactive tha~ dyrene, so more drastic 
treatment must be employed for the nucleophilic substitution between 
I and II to take place to give the quaternary pyridinium balide (III). 
Dyrene contains two chlorine atoms su hstituted in the heterocyclic ring 
with a single anilino group modifying reactivity, while simazine contains 
only one chlorine atom attached to the triazine ring which is deactivated 
by two electron-releasing alkylamino groups. Therefore, it is less electro­
philic than dyrene .. and substitution does not occur as rapidly. 



!oJ 
(.) 
Z 

~ 
i 70 ~----­
<II 
Z « 
1= 
..... 60 z ,_____.-_" 
au 
(.) 

II: 

~ 50 

40 

23. SIMAZlNE 227 

30L_ ____ -L ____ _L ____ -L ____ L-__ ~ ____ L_ __ L_--L-~~-L--~ 
360 370 360 390 400 410 420 430 440 450 460 470 

WAVELENGTH 

FIG. 3. Absorption spectrum of reaction product of sinlaz1ne with pyridine and 
alkali at various time intervals (given in minutes) after addition of the alkali. 

Maximum color development is obtained with simazine, by heating 
it in a boiling water bath with pyridine for 2 homs, in contrast to an 
optimum reaction period of 20 minutes at room temperature for dyrene. 
Optimum results are obtained at a final concentration of 1 N NaOH and 
12% by volume of pyridine. As with dyrene, color intensity is increased 
by the addition of the amino acid glycine, although the absorption 
maximum remains the same. Therefore, the pyridine reagent is saturated 
with glycine to produce the maximum amount of color possible. 

Simazin.e can be extracted from some soil samples using dichloro­
methane. The solvent is evaporated, and the residue is treated with 
pyridine and sodium hydroxide to develop color. However, a highly 
colored blank is sometimes obtained from the soil extract, so an alternate 
procedure must often be used. 

In this method, simazine is extracted from soil with carbon tetra­
chloride. The solvent is evaporated, and the residue treated with pyri­
dine. The pyridine solution is evaporated, and the residue is taken up in 
0.1 N HCI. This solution is extracted with carbon tetrachloride to remove 
the interfering colored materials. The aqueous layer containing the 
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quaternary pyridinium salt (Ill) is evaporated, 
veloped by adding sodium hydroxide solution. 

b. Reagents 

and the color is de-

Carbon tetrachloride is used for extraction and tetra ethylene glycol 
dimethyl ether as a fixativc to prevent losses of herbicide during evapo­
ration. Pyridine reagent is prepared by saturating a 70% (v/v) solution 
of pyridine in distilled water with glycine, and filtering off the excess 
solid. Hydrochloric acid (0.1 N) is used to dissolve the quaternary base, 
and 3 N NaOH for color development. 

c. Apparatus 

Glass-stoppered Basks of 125-ml capacity are used for extracting soil 
samples. The extract is filtered through 60-ml fine porosity sintered glass 
funnels into suction flasks. Color is developed in 125-ml Erlenmeyer 
flasks equipped with 24/40 female or necks, and air condensers having 
24/40 male or joints. The condensers are made of 8-mm (O.D.) glass 
tubing and are 20 em long. The end venting to tbe air should be drawn 
out to an aperture of 2 mm. Extractions are made in 25-ml separatory 
funnels. A temperature bath regulated at 35' to 40'C is used for evapo­
rating solvents. The air used for evaporation is cleaned· and dried by 
passing it through a trap containing glass wool and calcium chloride. 
The reaction is carried out in a boiling water bath. Color intensity can 
be measured on any standard photometer which can be operated at 436 
mIl, using I-em cells. 

d. Experimental Procedure 

i. Analytical M etlwd. 

Soil containing 15 to 20% moisture is used. It is sifted through a fine 
screen before subsampling to eliminate stones and undecayed organic 
matter. 

The soil (10 gm) is placed in a 125-mI glass-stoppered Bask, and 
carbon tetrachloride (20 m!) is added. The mixture is agitated gently 
on a mechanical shaker for 20 minutes to extract the simazine. The sus­
pension is then filtered through a fine porosity sintered-glass funnel under 
vacuum, the soil being transferred to the funnel during the process. 'Vhen 
the filter cake is dry, the soil is resuspended in fresh carbon tetrachloride 
(30 ml) and refiltered. The flask and soil are washed with two 15-ml 
additional portions of solvent. The combined extracts are added to a 
100-ml volumetric flask and diluted to volume. An aliquot of the extract 
(30 ml) is placed in a 125-ml Erlenmeyer Bask equipped with an air 
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condenser. Tetraethyleneglycol dimethyl ether (80 1'1) is added, and 
the solvent is evaporated in a current of clean dry air, keeping the flask 
in a water bath at 35-40'C. 

The residue is dissolved in pyridine reagent (2 ml), and water (10 
ml) is added. An air condenser is attached, and the flask is heated on a 
boiling water bath for the length of time required for the particular 
triazine being analyzed (Table Ill). After the reaction is complete, the 

TABLE III 
REACTION TIME IN PYRlUII\E REQUIRED FOR VARIOCS TRIAZINES 

Triazine 

Simazine 
Atruzinc 
Propazine 
'I'ridazine 
Ipazinc 

Time, hours 

5 

pyridine solution is evaporated to dryness on a water bath; the residue is 
transferred quantitatively to a 10-ml separatory funnel using carbon 
tetrachloride (3 ml) and 0.1 N HCI (3 ml). The mixture is shaken, and 
the upper layer reserved for analysis. The Erlenmeyer flask is washed 
with two additional portions (3 ml) of 0.1 N HCI. These are also ex­
tracted with carbon tetrachloride, and the aqueous layers combined. The 
watcr is then evaporated until the volume is less than 0.5 ml. The remain­
ing liquid is diluted with water (2 ml) and sodium hydroxide reagent 
(1 mf) is added to develop the color. 

The solution is transferred immediately to a I-em colorimeter cell. 
Absorbance measurements are made at I-minute intervals against a 
reagent blank at a wavelength of 436 m!'. The value at 2 minutes after 
the addition of alkali is interpolated. Color fades at a rate of about 1% 
per minute at 25' C (Fig. 3), so the spectrophotometer settings should be 
adjusted before adding the sodium bydroxide solution. 

Soil samples which do not contain triazines should be fun at the 
same time, and the absorbances obtained on these subtracted from those 
obtained on the samples. 

This procedure is satisfactory for the analysis of soils containing 
about 10 p.p.m. of simazine. At lower concentrations, the size of the 
aliquot taken for analysis sbould be increased proportionately. 

ii. [nterferences. 

Extractable colored materials are present in most soils. Therefore the 
procedure described above was developed, in which the extract is 'par-
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titioned between carbon tetrachloride and 0.1 N Hel after the first step 
in the analytical procedure has been carried out. The quaternary pyri­
dinium salts which are formed as intermediates are soluble in water 
while most of the colored materials from the soil are partitiolltld pref: 
erentially into the organic layer. Since soils vary in the amount of 
organic matter they contain, it is necessary to determine the background 
obtained with untreated soil in each case. 

iii. Sensitivity. 

Sensitivity depends on sample size, degree of dilution, quantities of 
reagents used, size of the absorption cell, and ratio of color intensity to 
background. The absorbance obtained on a solution containing 1 ~g of 
simazine per milliliter is about 0.2 using a 1 em light path. 

iv. Recovery. 

Recovery from soil is of the order of 90 to 100% when the soil blank 
is low enough to permit omission of the partition step. When the partition 
step must be included, overall recovery is of the order of 75 to 80%, 
based on the color intensity obtained with pure simazine. However, 
quantitative results can be obtained by using a standard curve based 
on the extraction and analysis of soils containing known /amounts of 
herbicide. Hydrolysis products of simazine and reaction products with 
metabolites in soils do not yield colored products. Hence, this method 
will determine only the amount of "active" herbicide present in the soil. 
However, the decomposition rates of simazine and related compounds 
are much slower than for dyrene. 

v. Standard Curve. 

A good straight line relationship is obtained when the concentration 
of triazine in micrograms per milliliter of solution is plotted against 
absorbance (Fig. 4). However, the color intensity fluctuates somewhat 
from day to day because of changes in room temperature. Therefore, it 
is usually advisable to run standards with each set of analyses. Since 
Beer's law is followed accurately, this can be done at a single concen­
tration and the results calculated algebraically. 

vi. Sample Calculations. 

The amount of simazine in the soil sample is calculated !rOIIl the 
following relationship: 
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where c is the concentration of simazine in the standard solution, A, the 
absorbance obtained on the standard solution, V is the total volume, 
f is a dilution factor which can be varied according to the amount of 
simazine in the sample, Au is the absorbance obtained on the unknown, 
and W is the weight of soil in grams. 

e. Applicability of Recommended Method to Different Crops 
or Food Materials 

The present method has been used only for the analysis of soils. 
The analysis of crops or food materials might require additional clean-up 
steps such as liquid-solid chromatography on alumina (see dyrene) or 
on a sulfonic-acid type ion exchange resin. 

f. Discussion at Method 

This method has 11igh sensitivity and is comparatively easy to use. 
The chief drawback is that the color fades rapidly; so the absorbance 
measurements must be made at a preset time after the addition of alkali. 
However, the accuracy is satisfactory. 

The rate at which the color fades is dependent upon the temperature. 
Under conditions where the room temperature does not go above 30°C, 
\ittle difficulty is encountered if standards are run daily. However, at 
higher temperatures, the color may fade so rapidly that quantitative 
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results cannot be obtained. U oder these circumstances, it is necessary 
to run the analyses in an air conditioned room. 

Tetraethylene glycol dimethyl ether is added as a fixative to_retard 
volatilization of the triazine during evaporation of solvent. This material 
forms peroxides on aging, which produce very rapidly fading of the 
color formed on the addition of alkali. This can be prevented by storing 
the fixative over activated alumina. 

g. Modifications of Method 

If auxiliary clean-up steps are used, it may be possible to omit the 
step in which the reaction product of simazine with pyridine is parti­
tioned between carbon tetrachloride and aqueous acid. In this case, the 
reaction mixture obtained by heating the residue with pyridine reagent 
(2 ml) and water (10 ml) is cooled; and 7 N NaOH (2 ml) is added. 
Absorbances are measured as described in Section d,L 

The method is applicable to the analysis of the related herbicides 
atrazinc, propazinc, trictazine, and ipazine, For the first two compounds 
mentioned, the method is identical to the one used for simazine. How­
ever trietazine requires 4 hours heating in a boiling water bath with 
pyridine-glycine reagent, while ipazine requires 5 hours. Color intensity 
varies with the nature of the herbicide, but the absorption maxima are 
identical. Thus if simazine is assigned an absorbance of 1, atrazine gives 
a relative value of 0.94; propazine, 0.87; trietazine, 0.64; and ipazine, 0.57. 

The addition of ethylcyanoacetate, barbituric acid, or 2-thiohar­
bit uric acid to a simazine: pyridine: sodium hydroxide solution gives 
pink, reddish-violet, and blue colors, respectively. The absorption maxima 
for these colored products are at 550, 582, and 625 m!" respectively, and 
it is suggested that these three modifications may be useful for deter­
mining simazinc in the presence of yellow-colored plant and soil extracts 
(Ragab, 1959.) 

Reactions with pyridine and alkali are useful for the analysis of 
many other classes of pesticides containing active halogen or reactive 
double bonds. Thus methods employing the same general techniqueS 
have heen developed for dyrene, l-fluoro-2,4-dinitrobenzene, captan, and 
3,4-dichlorotetrahydrothiophene-l,l-dioxide. Positive qualitative tests 
have been obtained on many other pesticides (Burchfield and Schuldt, 
1958.) 
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Starn 
C. F. GORDON, A. L. WOLFE, AND L. D. HAINES 

elY NHCOCH,CH, 

Cl 

3',4'-Dichloropropionanilide 

I. GENERAL 

A.. EMPIRICAL FORMULA 

C,H,ONCI, (Mol. wt. 218.08). 

B. ALTERNATIVE NAMES 

FW-734, N-( 3,4-dichlorophenyl)propionamide. The name Starn is the 
registered trademark of the Rohm and Haas Company. 

C. SOURCE OF ANALYTICAL STANDARD 

Samples of Starn suitable for purification may be obtained from 
Rollm and Haas Company, Agricultural and Sanitary Chemicals Sales 
Department, Wasllington Square, Plliladelphia 5, Pa. 

D. BIOLOGICAL PROPERTIES 

The acute oral LD" for rats is 1400 mg/kg. Stam is a selective 
herbicide for the post-emergence control of grasses and broad-leaved 
weeds among various agronomic crops. It bas been proved particuJarly 
effective for control of grasses, broad-leaved weeds, and sedges in 
rice fields. 

E. PHYSiCAL PROPERTms 

Mdting point: 92-93°C. 
Solubility: water, 0.02 gm/IOO ml; benzene, 7 gm/IOO ml; acetone 

170 gm/lOO ml; and methanol, very soluble. 
Vapor pressure: <0.001 mm at 50°C. 

2J5 
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F. CHEMICAL PROPERTIES 

1. METHOD OF SYNTIIESIS / 

By a reaction of 3,4-dichloroaniline and propionic acid o;ta deriva­
tive thereof, Starn is obtained. 

2. CHEMICAL REACTIONS 

Starn hydrolyzes to 3,4-dichloroaniline and propionic acid in the 
presence of acid or alkali. 

G. FORMULATION 

Starn F-34 is an emulsifiable concentrate of 3',4'-dichloropropion­
anilide. 

II. ANALYSIS 

A. FORMULATION ANALYSIS-REVIEW OF ~IETHoDs 

A chlorine analysis may be performed in order to determine the 
amount of the active ingredient in the formulation. Of the common 
methods for the determination of chlorine, the sodium reduction procedure 
yields low results, and the sample size restriction in tlte Parr bomb 
procedure (Peel et al., 1943; Gunther and Blinn, 1955( leads to poor 
precision unless extreme care is exercised. The sodium diphenyl pro~ 
cedure (Blinn, 1960) shows considerable promise but is still under 
evaluation. The reader is also referred to Volume I, Chapter 11 for a 
theoretical discussion of several total halide analytical procedures. 

B. RESIDUE ANALYSIS 

1. REVIEW OF METIIODS 

Since Starn F -34 has been introduced for commercial application onl~ 
recently, no residue method for 3',4'-dichloropropionanilide has been, 
published to-date. A report on this method was made at the 144th \ 
meeting of the American Chemical Society (Gordon et al., 1963): 

2. RECOM~IENDED METHOD 

a. Principle 

The method is based on a direct alkaline hydrolysis of the crop 
substrate to liberate 3,4-dichloroaniline (3,4-DCA) which is then dis­
tilled from the hydrolyzate. The 3,4-DCA is then extracted from the 
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distillate into benzene and cleaned up by Florisil column chromatography. 
The 3,4-DCA is extracted into sulfuric acid followed by diazotization 
and coupling with N-l-naphthylethylenediamine dihydrochloride, which 
produces a purple dye solution the concentration of which can be 
determined spectrophotometrically. 

b. Reagents 

The following reagents have given good results in this method. 
Other grades or sources of reagents may be used but should first be put 
through the residue procedure to ascertain that an absorbance of 0.005 
or less is obtained. All aqueous solutions are prepared with de-ionized 
water. 

Acetic acid, glacial, Baker & Adamson, Reagent Grade. 
Aluminum oxide, Merck, Reagent Grade. 
Ammonium sulfarnate, Du Pont Technical Grade; a 0.5% aqueous 

solution is prepared weekly. 
Anti-foam 60, General Electric, 20% aqueous solution. 
Benzene, Baker & Adamson, Reagent Grade. Two gallons of benzene 

are chromatographed through a 2 inch diameter column containing 1 
pound of aluminum oxide (dry packed). Recycle the first 200 ml of 
chromatographed benzene. Store each gallon of chromatographed ben­
zene over 100 gm of anhydrous sodium sulfate. Only chromatographed 
benzene can be used in this procedure. 

Florisil, 100/200 mesh, activated at approximately 1050-1100oK by 
Floridin Co., P.O. Box 989, Tallahassee, Fla. Before preparing a chroma­
tographic column, 3 gm of Florisil are dried at least 16 hours at lS0a C 
with a maximum depth of 2 cm. 

Glycerine. 
Hydrochloric acid, Baker & Adamson Reagent Grade. Prepare a 

1.2 N solution. 
Methylene dichloride, Merck, Reagent Grade. 
N-I-Na.phthylethylenediflmine dihydrochloride, Eastman, White label 

(NEDA). A 1.0% aqueous solution is prepared immediately before use. 
If reagent blanks carried through the procedure result in an absorbance 
greater than 0.005, the N-l-naphthylethylenediamine dihydrochloride 
should be recrystallized twice from 0.1 N HC!. 

Potassium nitrite, Baker & Adamson, Reagent Grade. A 0.2$ aqueous 
solution is prepared weekly. 

Sand, Ottawa, washed (A. H. Thomas Co., Phila., Pa.) 
Sodium chloride, Baker & Adamson, Reagent Grade. 
Sodium sulfate, anhydrous, granular-type. 
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Sodium hydroxide, Baker Analyzed, 50% solution, Reagent Grade. 
This solution is diluted 1: 1 with water and cooled before use. 

3',4'-Dichloropropionanilide, Rohm & Haas Co., purified. Fortifica_ 
tion solutions containing 1, 2, 5, 10 ('g/ml in methylene dicbloride 
are prepared. 

Sulfuric acid, Baker & Adamson, Reagent Grade. An aqueous 8 N 
solution is prepared. 

c. Apparatus 

Chromatogmphic column, plain, with Kimax Teflon stopcock, 1 Crn 

I.D., 45 em length. Fisher & Porter, #274-001. 
Clamp, ball-joints, #28; #35. 
Condenser, Pyrex, 35/25 ban joint at the bottom. This serves as a 

reflux condenser. 
Condenser, Pyrex, 28/12 ball jOint at the bottom. This serves as a 

distillation condenser. The two condensers are joined at the top by %" 
glass tubing so that the condensers are parallel and approximately 7 
inches apart, center to center. 

28/12 Socket ioint extended to 10 inch length with 2 mm capillary 
tubing. This serves as a distillation condenser extension allowing the 
distillate to be introduced below the surface of dilute HCI in .{ separatory 
funnel. . 

Separatory funnels, 125 ml, 60 ml, with Teflon stopcock. 
Stainless steel fWsk, silver soldered, 500 ml, 35/25 socket joint 

(Scientific Glass Co., Bloomfield, N.J., #JF-6350). 
Stirring bar, oval, Teflon-covered, % inch diameter, 1% inch length 

(Chemical Rubber Co., Cleveland 14, Ohio; #22-2390). 
Heat shield (made from a I-quart paint can). A hole is cut in the 

bottom of the can to permit the neck of a stainless steel flask to extend 
above the shield. The shield is used around the steel flask during re/lux 
and distillation to permit more efficient heat utilization. 

Graduated cylinder, lO-ml. 
Erlenmeyer flask, 50-ml. 
Glass column, 2 inch diameter X 36 inch length, with Teflon 

stopcock. 
Interval timer, Victor (Fisher Scientific Co., #6-660). 
Spectrophotometer, Beckman, Model B, or equivalent. 
Wiley cutting mill, Standard Model No.3, (Fisher Scientific, #8-

336-5A). This mill is used with a 1 mm screen when milling dry samples 
such as rice kernels or straw. 

Nate: One unit of each of the above items, except the last four, is 
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required for each assembly. Six to eight assemblies can be operated by 
one analyst. 

d. Experimental procedure 

i. Sample Preparation. 

(a) Dry samples. Samples such as rice kernels or rice straw are 
milled with a Wiley mill immediately before analysis. A 50-gm sample 
is sufficient for milling. 

(b) Moist samples. Samples are diced or chopped until the average 
particle size is about % inch. 

ii. Method of Analysis. 

(a) Sample size. Dry samples: 10 grams; moist samples: 30 grams; 
samples having little interfering compounds, such as potatoes: 100 gm. 

(b) Hydrolysis. Transfer a weighed, representative sample to the 
steel Hask and add 325 ml of 25% NaOH. Insert a magnetic stirring bar 
and swirl the contents so that the solids are suspended in the NaOH. 
Place the Hask on the heater-stirrer and stir at approximately 240 r.p.m. 
It is important that efficient stirring be maintained throughout the 
hydrolysis and distillation, otherwise the solids will cake and char leading 
to low recoveries and high interferencc in control samples. Add 10 ml 
benzene and 10 drops of Anti-foam solution, place the heat shield 
around the Hask, put two to three drops glycerine on the steel socket, 
clamp the Hask to the reflux condenser, clamp the condenser extension 
to the distillation condenser, place the tip of the condenser extension 
helow the surface of 5 ml 2 N HCI contained in a 125-ml separatory 
funnel. Then turn the heater on and reflux for 17 hours. 

(c) Distillation and extrtK'tion of 3,4-dichloroaniline. Distill the ben­
zene and 50 ml of water from the steel flask after draining the water 
from the reflux condenser and after opening the valve to circulate cold 
water through the distillation condenser. 

The distillate is delivered below the surface of the HCI which had 
been placed in a separatory funnel upon setting up the apparatus for 
reHux. Distillation is performed as rapidly as possible, limited only by 
the extent of foaming which may occur with some samples. 

Adjust the distillate to pH 10 by dropwise addition of 50% NaOH. 
Add 15 gm of NaCl and shake the separatory funnel 3 minutes at a 
rate of 100 shakes per minute. Allow the separatory funnel to stand for 
5 minutes to allow separation of phases. Discard the aqueous phase. 
Draw the benzene layer into a 5O-ml Erlenmeyer flask containing 2 gm 
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sodium sulfate and shake 100 times and set aside until the Florisil 
column has been prepared. 

(d) Column chromatography. Pour 3 gm of dried FlorisH into l-cm 
chromatographic column and tap the column until the Florisit is packed 
down to a height of 8 cm. Pour 1 em of sand on top of the Florisil, open 
the stopcock and add enough benzene to wet the column. 

Pour the benzene extract from the distillate on the column and wash 
the flask with one 10-ml benzene rinse, allowing the benzene to flow 
down to the sand. Discard all of the benzene which passes through the 
column from this rinse. 

Elute the column with benzene and collect the next 50 ml coming 
off the column. Transfer the eluate to a 60-ml separatory funnel and 
extract twice for 3 minutes with 2 ml 8 N H,SO, each time. The separa­
tory funnel should be scrupulously clean so that a maximum amount 
of the acid phase will be recovered. Allow the separatory funnel to 
stand for 5 minutes and then drain the acid phase after each extraction 
into a 10-ml graduated cylinder. 

(e) Color development. To the H,SO, in the cylinder add 1 ml 
glacial acetic acid and stir vigorously with a stirring rod. Let stand 2 
minutes and then add 0.5 ml of 0.1% potassium nitrite solution, stir, and 
let stand 2 minutes. I 

Add 1 m!. 0.5% ammonium sulfamate solution, stir vigorously and let 
stand for 5 minutes. Add 0.5 ml 1% NEDA solution, stir, and dilute to 
exactly 7.0 ml with 8 N H,SO,. Let the solution stand for 15 minutes 
for maximum color development. 

Read the absorbance of the solution in calibrated l-cm cells at 550 
m!'. A reagent blank sample is run concurrently with the crop samples 
and used in the reference cell when reading the absorbance of the crop 
samples. Reagent fortifications should be run through the procedure to 
assure that the method is in constant control. 

(f) Direct color development. One milliliter of a methylene dichlo- \ 
ride solution containing 0.5-10.0 !,g 3',4'-dichloropropionanilide is care- , 
fully evaporated to dryness at room temperature under a gentle stream I 

of nitrogen in a 10-ml graduated cylinder. Do not overdry. Then add 
4 ml 8 N H,SO" hydrolyze in boiling H,O bath for 15 minutes, cool 
to room temperature, and continue with the color development as 
specified in the previous section. 

iii. Interferences. 

Since Starn F-34 is hydrolyzed to 3,4-dichloroaniline, any compound 
which yields 3,4-dichloroaniline or related compounds upon alkaline 
hydrolysis will interfere. 
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i v. Sensitivity. 

The sensitivity of the method ranges from 0.01 to 0.05 p.p.m. de-
pending on the crop material. 

v. Recovery. 

Recovery has ranged from 75 to 90%. 

vi. Standard curoe. 

Ten micrograms of 3',4'-dichloropropionanilide analyzed hy direct 
color development results in an absorbance of 0.366. Beer's law is obeyed 
over the range from 0.5 to 20 p.g. 

3. APPLICABILITY OF RECO~.f~ENDED }\.lETHOD TO DIFFERENT CROP 

OR FOOD MATERIALS 

This method can be used for the analysis of residues on a variety 
of crops, providing that the samples are chopped or milled to a size so 
that the concentrated NaOH can digest the crop within the allotted 
reflux time. The method has been applied to rice plants, rice kernels, 
tomatoes and potatoes. 

4. DiSCUSSION OF ~IETI-IO}) 

By means of carbon-14 tagged .3',4'-dichloropropionanilide, it was 
found that common solvents gave poor extraction efficiency of the radio­
activity from green rice plants. The radioactive compound could be 
freed from the crop only by exhaustive alkaline hydrolysis. 

REFERENCES 

BUnn, R. c. (1960). Anal. Chern. 32, 292. 
Gordon, C. F., Wolfe, A. L., Papa, L., Brackett, C. K. (1963), Abstr. 144th Meeting, 

Am. Chern. Soc., Los Angeles, p. 9A. 
Gunther, F. A., and Blinn, R. F. (1955), "Analysi:-; of 111Scdicide~ and ..\varacides:' 

pp. 370_373. Interscience. New York. 
Peel, E. W., Clark, R. H., and \Vagner, E. C. (194:1). Itld. Eng. Chcm., Anal. Ed 

15, 149. 
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Tillam. 
G. G. PATCHETI, G. H. BATCHELDER, AND J. J. MENN 

n-Propyl ethyl-n-butylthiolcarbamate 

I. GENERAL 

A. EMPIRICAL FORMULA 

CwH"ONS (Mol. wt. 203). 

B. ALTERNATIVE NAMES 

Tillam was formerly coded Stauffer Experimental Compound R-2061. 
The name Tillam is the registered trademark of the Stauffer Chemical 
Company. 

c. SOURCE OF ANALYTICAL STANDARD 

Stauffer Chemical Company, Richmond Research Center, 1200 South 
47th Street, Richmond, Calif. 

D. BIOLOGICAL PROPERTIES 

Tillam is a selective herhicide effective against a number of annual 
grasses and broadleaf weed species including watergrass (Echirwcloa 
spp.), red-root pigweed (Amaranthus retroflex"s), and lamb's-quarters 
(Chenopodium album). It was chosen for commercial development due 
to its selectivity on sugar beets (Antognini and Reed, 1960) and toma­
toes. Most susceptible weed species are controlled at a dosage of four 
pounds of active ingredient per acre. Tillarn must be incorporated into 
the soil with a disk, rotary tiller, or other soil incorporation equipment, 
immediately after application, for optimum results. 

The acute oral LD" to rats is 1120 mg/kg and the acute dermal 
LD" to albino rabbits is ~reater than 29.36 m!(/kg. 

243 
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E. HISTORY 

Tillam was originaliy synthesized and developed at the research 
laboratories of Stauffer Chemical Company. Patents have been.-applied 
for. 

F. PHYSICAL PROPERTIES 

Bailing paint: 187°C (100 mm); 142°C (20 mm); and 126°C 
(10 mm). 

Solubility. It is miscible with most organic solvents including ace­
tone, benzene, toluene, xylene, methanol, isopropanol, and kerosene. Its 
solubility in water is 92 p.p.m. at 21°C. 

Vapor pressure. Approximately 0.01 mm Hg at 25"C (by extrapola­
tion of boiling point curve between 10 amI 100 mm Hg). 

Refractive index: n[):llJ = 1.4752. 
Density; d," = 0.9458. 

G. CHEMICAL PROPERTIES 

1. METHOD OF SYNTHESIS 

React 1 mole of propyl chlorothiolformate with 1.05 mQ!es of ethyl 
butylamine and 1.25 moles of aqueous sodium hydroxide. Two other 
methods of synthesis of 265 thiolcarbamates have been described by 
Tilles (1959). 

2. CHEMICAL STABILITY 

Tillam is very stable towards hydrolysis in dilute acidic and basjc 
solutions. 

H. FORMULATIONS 

Tillam is formulated as an emulsive liquid containing 6 Ib of the 
active ingredient per gallon and is designated Tillam 6-E and as a 
granular product containing 5% of the active ingredient which is desig­
nated Tillam 5-C. More concentrated granular products may also be used 
in some areas. 

II. ANALYSIS 

A. FORMULATION ANALYSIS 

l. REVIEW OF METHODS 

Two methods are available for technical and formulated Tillam. 
A specific method hasen upon determination by gas chromatography is 
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preferred, but a general method based upon Kjeldahl nitrogen is useful 
in control analyses where other nitrogen containing materials are absent. 
Classical Kjeldahl methods are suitable provided techniques are used 
which minimize Tillam loss during the acid digestion. 

2. RECOMMENDED METHOD 

Tillam is determined by the gas chromatographic method as de­
scribed for the analysis of Eptam (Chapter 12 of tins volume), the only 
difference being a higher column temperature due to the longer reten­
tion time of Tillam. Tillam is chromatographed at 190'C and the peak 
area is referred to a standard Tillam sample chromatographed under 
identical conditions. The retention time for Tillam under these conditions 
is about 6 minutes and it is easily separated from Eptam which pre­
cedes it. 

B. RESIDUE A~ AL YSIS 

1. REVIEW OF METHODS 

Tillam crop residues are determined by the colorimetric method 
described for Eptam which is based upon the determination of the 
secondary amine after hydrolysis. This method will not distinguish be­
tween the two herbicides, but in practice no detectable residues of either 
compound have been observed on crops treated as recommended. If the 
need arises, Eptam and Tillam residues could be individually deter­
mined after steam distillation by employing gas chromatography (Hughes 
and Freed, 1961). The hydrogen flame detector or microcoulometric 
detector for sulfur may be used where higher sensitivity or lower back­
ground is of interest (see Volume I, Chapter 9). 

2. RECOMMENDED METHOD 

Use the identical colorimetric method as described for Eptam (Chap­
ter 12 of this volume) (Batchelder and Patchett, 1960). 

a. Recovery 

Typical recovery values are shown in Table I for several crops 
extracted by the steam distillation procedure. Low recoveries may result 
from a prolonged distillation time and so it is recommended that the dis­
tillation be completed in less than an hour whenever possible. The use 
of antifoam aids in the rapid distillation of many crops. 

b. Standard Curve 

A linear response is effected for Tillam in the range of 4 to 400 p.g 
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TABLE I 
RECOVERY OF TILLAM ADDED TO MACERATED CROPS 

Tillam added 
Crop p.p.m. Per cent re"'_ercd 

Broccoli 0.25 75 
Cabbage 1.0 89 
Corn, fresh kernels 0.20 72 
Peppers, green 0.25 78 
Rice, unhulled 0.10 72 
Sugar beet roots o. IO 77 
Sugar beet tops 0.25 75 
Sugar beet tops 0.10 61 
Tomatoes 1.0 i 72 
Tomatoes 0.25 70 
Toma.toes o. IO 79 

with typical absorbance values of 0.012 and 0.881, respectively. The 
reagent background has a typical absorbance value of 0.003. 

c. Sample Calculations 

Determine the amount of Tillam in the sample by referring the net 
ahsorbance to a standard Curve prepared by processing alitfuots of the 
TiIIam standard solution in a similar manner. . : 

REFERENCES 

Antognini, J., and Reed, W. (1960). Crystal-ized Facts about Sugar Beets, Vol. 
XIV, p. 22. American Crystal Sugar Company, Denver, Colorado. 

Batchelder, C. H., and Patchett, C. C. (1960). ]. Agr. Food Chem. 8, 214, 
Hughes, R. E., Jr., and Freed, V. H. (1961). I. Agr. Food Chem. 9, 381. 
Tilles, H. (1959). /. Am. Chern. Soc. 81, 714. 



-26-

2,4,5-Trichlorophenoxyacetic Acid 
R. P. MARQUARDT 

Cl 

CI-Q-\ O-~-COOH 
- I 

H 

Cl 

2,4,5-Trichlorophenoxyacetic acid 

I. GENERAL 

A. EMPIRICAL FORMULA 

C,H,O,CI, (Mol. wI. 255.49). 

B. ALTERNATIVE NAMES 

2,4,5-T acid. 

C. SOURCE OF ANALYTICAL STANDARD 

Bioproducts Center, The Dow Chemical Company, Midland, 
Michigan. 

D. BIOLOGICAL PRoPERTms 

This compound is a selective herbicide for controlling woody plants. 

E. HISTORY 

See Chapter 11 on "2,4-Dichlorophenoxyacetic Acid" in this volume. 

F. PHYSICAL PROPERTIES 

Melting point: 153°C (Pokorny, 1941); and 154-155°C (uncorr.) 
(Synerholm and Zimmerman, 1945). 

Solubilities (grams of 2,4,5-T acid/100 gm solvent at 25°C). Data 
by Kaufman (1954): 

Water 
Methanol 

247 

0.0278 
49.60 
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Ethanol 
Diethyl ether 
n-Heptane 
Toluene 
Xylene 

II. ANALYSIS 

54.82 
23.43 

0.039 
0.732 
0.608 

See Chapter 11 on "2,4-Dichlorophenoxyacetic Acid" in this volume. . , 

REFERENCES 

Kaufman, D. C. (1954). The Dow Chemical Company. Personal communication. 
Pokorny, R. (1941). ]. Am. Chern. Soc. 63, 1768. 
Synerholm, M. E., and Zimmerman, P. W. (1945). Contribs. Boyce Thompson Inst. 

14, 91-103. 



Vegadex 
R. A. COKKIN AND L. S. GLEASON 

H5C2 S H Cl 
"II I I 

N-C-S-C-C=CH 
/' I 2 

H5C2 H 

2-Chloroallyl diethyldithiocarbamate (CDEC) 

I. GENERAL 

A. EMPmICAL FORMULA 

C,H"NCIS2 (Mol. wI. 223.79). 

B. ALTERNATIVE NAMES 

CP 4742. CDEC. The name Vegadex is the registered trademark of 
the Monsanto Chemical Company. 

C. SOURCE OF ANALYTlCAL STANDARD 

Monsanto Chemical Company, 800 North Lindbergh Blvd., St. Louis 
66, Missouri. 

D. BIOLOGICAL PROPERTIES 

CDEC is a pre-emergence herbicide which controls the germinating 
seed of the following weeds: annual bluegrass, barnyard grass, bullgrass 
or goosegrass, careless weed, chickweed, crabgrass, foxtail, henbit or 
blueweed, pigweed (spiny or redroot), and purslane. 

Vegadex has been granted label clearance for use in the following 
crops: collards, kale, mustard, spinach (2 applications), turnip, broccoli, 
brussels sprouts, cabbage, cauliflower, celery, Hanover salad, endive, lima 
beans, sweet com, cantaloupes, okra, hydrangea, spirea, yews, lettuce, 
soybeans, chicory, field corn, tomatoes, iris, euonymus, azeleas, privet, 
snap beans, escarole, field beans (Wyo. only), garden or table beets 
(E. of Rocky Mountains), gladiolus, transplanted tomatoes, potentilla, 
and juniper. 

CDEC will not control established plants or plants originating from 
249 
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vegatative plant parts. Neither has this compound been known to can, 
trol dormant seeds. 

The acute oral LD" of Vegadex for rats is 850 mg/kg and it is 
classified as moderately irritating to skin and eyes. .. 

E. HISTORY 

Vegadex was discovered by Drs. John D'Amico and Marion W. 
Harman while working in the ~lonsanto Research Laboratories at _Nitro, 
West Virginia, It was first granted label clearance for use on 19 crops 
in 1956. Since this petition, other uses havc been granted label clearance. 

Biological properties and composition of matter of Vegadex are 
covered in U. S. Patents 2,854,467 and 2,919,182 issued to Dr. Marion 
W. Harman and Dr. John]. D'Amico on September 30, 1958 and Decem, 
ber 29, 1959 respectively; and assigned to Monsanto Chemical Company. 

F. PHYSICAL PROPERTIES 

Boiling point: 128'C at 1 mm Hg. 
Vapor pressure: 2.2 X 10-' mm Hg at 20°C. 
Hydrolysis rate (% life in days): 47 at pH 5; 30 at pH 8,1 
Melting point: liquid at room temperature. 
Refractive index: 1.5822 (N ,,"'). / 
Specific gravity: 1.088 at 25/15.6°C. 
The solubility of Vegadex is given in the following tabulation: 

Solvents 

Buffer soln. pH 5 
Buffer soln. pH 8 

Xylene 

Shell E-407R 

Amount 

0.OC()2 gm/lOO ml 
0.0106 

22.0% w/w 
333% wiw 
50.0% wiw 
20.0% wiw 
33 3% w/w 
50.0% wiw 

Solution 
point °C 

25 
25 

Cloud point 
(0C) 

0 
2 
5 
0 
2 
5 

\ 

It is soluble in ether, acetone, benzene, chloroform, ethanol, ethyl 
acetate, heptane, kerosene, isopropyl alcohoL In the tabulation above 
cloud point instead of solution point are reported because the solutions 
could not be frozen. 



27. VEGADEX 25l 

C. CHEMICAL PROPERTIES 

1. METI-IOD OF SYNTHESIS 

React sodium diethyldithiocarbamate with 2,3-dichloropropene. 

2. CHEM]CAL REACTIONS 

CDEC will dehydrochlorinate very slowly. It can be decomposed 
with mineral acids. 

H. COMMERCIAL FORMULATIONS 

Vegadex is available as a 4 lb/gallon emulsifiable concentrate; and a 
20% concentrate on Attapulgite granules. 

II. ANALYSIS 

A. FORMULATION ANALYSIS 

1. REVIEW OF METHODS 

Liquid or granular Vegadex formulations may be analyzed for their 
CDEC content by any standard method for the dctennination of total 
organic chlorine (see Volume J, Chapter 11). Methods other than the 
one described below should he thoroughly evaluated with an analytical 
reference standard. 

Technical CDEC may also he analyzed by ultraviolet sl'ectroscopy. 
The absorption of a dilute solution in methanol is determined at a 
wavelength of 278 mM. Concentrations are determined from a calibration 
curve prepared from a known reference standard. 

2. RECOMMENDED METHOD 

a. Principle 

This method is based on the sodium· isobutyl alcohol reduction of 
organic chlorine to inorganic chloride. The organically bound chlorine 
is quantitatively liberated as chloride by refluxing with an alcohol-sodium 
mixture; and is determined hy titration with silver nitrate solution. 

b. Reagents 

Isobutyl alcohol, C.P., (low chlorides). 
Metallic sodium, C.P. 
Hydrogen peroxide, 30% solution. 
Silver nitrate, standard so1'1tion, 0.1 N. 
Metlumol-water mixture, 50% vlv, 
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N#ric acid solution, 50% v/v. 
Phenolphthalein indicator solution. 

C. Apparatus • 

Condenser, AlIihn-type. 
Raund-bottom flask, 100-m!. 
Leeds and Northrup pH indicator No. 7664 or equivalent. 
Silver:potassium sulfate-mercurous sulfate electrode system or 

equivalent. 
Whatman extraction thimbles, 10 X 50 mm. 

d. Experimental Procedure 

Accurately weigh 0.25-0.45 gm of technical COEC into a 100-ml 
round-bottom flask. Immediately add 20 ml of isobutyl alcohol and 
stopper the flask. Weigh 2.0 gm of metallic sodium, divide into Y.-inch 
squares and add these to the flask using tweezers. Add two or three boil­
ing chips, connect the flask to a water-cooled condenser and reflux for 
45 minutes with an electric heating mantle. 

Upon completion of the reflux period, cool the flask by immersing 
it in a beaker of cold water for 1 minute. (Do not disconnect the flask 
from the condenser at this time.) Cautiously add 20 ml of 50% methanol 
through the condenser and heat for 1 minute after reflux·to quench the 
sodium. Cool by immersing in a beaker of cold water for 1 minute. 

Cautiously add 10 ml of 30% hydrogen peroxide through the con­
denser and heat for 10 minutes after reflux to oxidize the sulfur. Cool 
by immersing in a beaker of cold water for one minute. Wash down the 
condenser with 5 to 10 ml of acetone. 

Remove the flask, aCidify using phenolphthalein indicator and 15 ml 
of 1: 1 nitric acid: water. Quantitatively transfer to a 250-ml beaker with 
acetone and small amonnts of water (5-10 ml). The water is used to 
dissolve any remaining salts in the flask. 

Titrate potentiometrically with 0.1 N silver nitrate. (The Volhard 
method may also be nsed.) 

Calculation: 

% Assay of GOEC 
ml 0.1 N AgNO, X 2.2379 

Weight of sample 

Vegadex granules may be' assayed using the same equipment with 
a few rnodific~tions; i.e" the water-cooled condenser should have a drip" 
tip so that the condensed solvent can drain into tbe flask at one point; 
a glass joint approximately 5 inchps long is connected between the 
condenser and flask. 
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Prior to weighing a sample, make two pin holes opposite each other 
approximately 5 mm from the top of the extraction thimble. After weigh­
ing the sample, a piece of copper wire approximately 30 mm long is 
inserted through the holes amI bent downward like an inverted "U" to 
act as a holder for a piece of copper wire which is extended down 
through the condenser. 

Stopper the Whatman extraction thimble with a cork and place in 
a 30-ml beaker and tare. Add approximately 1.5 gm of CDEC granules 
and immediately stopper and reweigh. 

Add 20 ml of isobutyl alcohol and two or three boiling chips to the 
round-bottom flask. Weigh 2.0 gm of metallic sodium, divide into % 
inch squares and add to the flask using tweezers. 

Insert the copper "U" shaped holder wire through the thimble and 
hook on to a wire extended down through the condenser so that the open 
end of the thimble fits close under the drip-tip of the condenser. Connect 
the flask to a condenser by means of the 5-incll glass joint and reflux for 
45 minutes with an electric heating mantle. 

Proceed as given above for technical CDEC . 

.3. DISCUSSION OF METHOD 

Every effort must be made to avoid contamination of the equipment' 
and reagents with chloride. All equipment should be rinsed with dilute 
nitric acid and then by several rinses of chloride-free distilled water. 

The sensitivity of the method depends greatly upon the conditions 
of application. The use of 0.1 N silver nitrate requires the analyst to 
exercise extreme care in measuring incremental portions during the 
titration. The final potentiometric end point may be estimated with good 
precision by computations of inflections. 

A correction for possible inorganic chlorides should be made when 
analyzing either the technical or formulation material. Weigh a 5.0-gm 
s2mple of the technical product or 20.0 gm of granules into a 250-ml 
beaker. Add 100 ml of acetone (20 ml of distilled water plus 80 ml of 
acetone for granules), a drop of concentrated sulfuric acid and stir. 
Titrate with 0.1 N silver nitrate under the same electrode system as 
above. 

Calculation: 

% Inorganic chlorine in sample 
ml 0.1 N AgN03 X 0.35457 

Wt. of sample 

% Total chlorine - % inorganic chlorine = % organic chlorine 

% Organic chlorine X 6.212 = % CDEC 



254 CONKIN AND GLEASON 

B. RESIDUE ANALYSIS 

I. REVIEW OF METHODS .. 
Earlier residue work was accomplished by means of a sensitive 

ultraviolet absorption method. CDEC in isooctane absorbs very strongly 
at a wavelength of 278.5 m". Although plant extractives absorb strongly 
in the same region, application of simple but effective clean-up techniques 
allows a direct measurement of the pesticide (Conkin and Jaworski, 
1958). 

CDEC can be hydrolyzed in sulfuric acid to give tbe correspond­
ing amine sulfate. The free amine is distilled from an alkaline medium 
and then reacted to form the cupric dithiocarbamate complex. Detection 
of as little as 5 I"g of CDEC is possible by this procedure. 

2. RECOMMENDED METHOD 

a. Principle 

CDEC can be bydrolyzed with dilute sulfuric acid to give. the cor­
responding secondary amine sulfate. The reaction of secondary amines 
with cupric dithiocarbamate is a classic approach to the determination 
of traces of the compounds (Dowden, 1938; Feigl, 1956, Hall et al., 
1951; Lowen, 1951). The free amine is distilled from an alkaline solu­
Hon and trapped in dilute hydrochloric acid. Interferences extracted from 
crop and soil samples are essentially eliminated by washing the solvent 
extract with dilute hydrochloric acid. A further reduction of the back­
ground material is made by a solvent wash of the acidified distillate. 
This combination of washes effectively removes traces of free amines 
in the initial solvent extract and colored pigments that may steam 
distill with the free amines. 

b. Reagents 

Chloroform, USP. 
Sulfuric acid, 10% vivo 
Carban disulfide, A.R. 
Ammonium hydroxide, A.R. 
Copper sulfate pentahydrate, A.R. 
Sodium hydroxide, 50%. 
Sodium sulfate, anhydrous, granular, A.R. 
Chloroform-carhon disulfide mixture, 1% CS, (v/v). 
Copper-ammonia reagent. Dissolve 0.5 gm of copper sulfate in 10 
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ml of distilled water and dilute to 500 ml with concentrated ammonium 
hydroxide. 

Standard amine solution. Using a glass-stoppered dropping bottle or 
a Victor-Meyer bulb, weigh approximately 0.1000 gm of diethylamine 
into a loa-ml volumetric flask containing 5 ml of 0.1 N HCI. Dilute to 
volume with distilled water. Pipette an aliquot equivalent to 1000 "g 
and transfer to a second loa-ml volumetric flask. Dilute to the mark 
with distilled water. Each milliliter will contain 10 "g of amine. 

c. Apparatus 

See Chapter 20 on "Randox" in this volumc. 

d. Experimental Procedure 

i. Sample Preparation. 

Using a Waring Blendor or similar type apparatus, grind a 50D-gm 
sample of the crop. Transfer the ground mass to a 20DO-ml wide-mouth 
jar. Add a volume of chloroform equal to the sample weight and tumble 
the sample for 1 hour. Filter and transfer the filtrate to a suitable size 
separatory funnel. Wash the chloroform extract with three lOD-ml por­
tions of lOZ HCI. Discard the aqueous layer each time. Bottle and store 
the chloroform extract in a refrigerator until ready to use. 

Measure an aliquot of the chloroform equivalent to 100 gm of the 
crop sample and transfer to a 250-ml round-bottom flask fitted with a 
standard-taper neck. Add 100 ml of lOZ H,SO" a few carborundum boil­
ing stones and place on a steam bath. Evaporate the chloroform in the 
presence of the H,SO,. 

Connect the flask to a vertical condenser and reflux for 15 minutes. 
Wash down the condenser with distilled water and allow the flask to cool. 
Connect the flask to a take-over distillation unit equipped with a sepa­
ratory funnel side-arm arrangement. Immerse the condenser tip in 5 ml of 
0.1 N HCI contained in a 250-ml separatory funnel. 

Introduce 50 ml of 50% NaOH through the side-arm separatory 
funnel. Swirl or gently agitate the apparatus as the caustic is slowly 
added to prevent the sudden liberation of excess heat. Distill the liber­
ated amine into the collection funnel, keeping the tip of the condenser 
beneath the surface of the dilute acid at all times. Collect 40-60 ml of 
the distillate, which is usually sufficient for a quantitative recovery of the 
amine. 

Remove the collection funnel and extract the distillate with three 5-ml 
portions of chloroform. Discard the chloroform extracts. Proceed with the 



254 CONKIN AND GLEASON 

B. RESIDUE ANALYSIS 

1. REVIEW OF METHODS 

Earlier residue work was accomplished by means of a s1'nsitive 
ultraviolet absorption method. CDEC in isooctane absorbs very strongly 
at a wavelength of 278.5 miL Although plant extractives absorb strongly 
in the same region, application of simple but eHective clean-up techniques 
allows a direct measurement of the pesticide (Conkin and J awbrski, 
1958) . 

CDEC can be hydrolyzed in sulfuric acid to give the correspond­
ing amine snlfate. The free amine is distil1ed from an alkaline medium 
and then reacted to form the cupric dithiocarbamate complex. Detection 
of as little as 5 I'g of CDEC is possible by this procedure. 

2. RECOMMENDED METHOD 

a. Principle 

CDEC can be hydrolyzed with dilute sulfuric acid to give the cor­
responding secondary amine sulfate. The reaction of secondary amines 
with cupric dithiocarbamate is a classic approach to the det~nnination 
of traces of the compounds (Dowden, 1938; Feigl, 1956; ,Hall et aI., 
1951; Lowen, 1951). The free amine is distilled from an alkaline solu­
tion and trapped in dilute hydrochloric acid. Interferences extracted from 
crop and soil samples are essentially eliminated by washing the solvent 
extract with dilute hydrochloric acid. A further reduction of the back­
ground material is made by a solvent wash of the acidified distillate. 
This combination of washes effectively removes traces of free amines 
in the initial solvent extract and colored pigments that may steam 
distill with the free amines. 

b. Reagents 

Chloroform, USP. 
Sulfuric acid, lOX v Iv. 
Carbon disulfide, A.R. 
Ammonium hydroxide, A.R. 
Copper sulfate pentahydrate, A.R. 
Sodium hydroxide, SOX. 
Sodium sulfate, anhydrous, granular, A.R. 
Chloroform-carbon disulfide mixtUTe, 1% CS, (v/v). 
Copper-ammonia reagent. Dissolve 0.5 gm of copper sulfate in 10 
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ml of distilled water and dilute to 500 ml with concentrated ammonium 
hydroxide. 

Standard amine solution. Using a glass-stoppered dropping bottle or 
a Victor-Meyer bulb. weigh approximately 0.1000 gm of diethylamine 
into a lOO-ml volumetric flask containing 5 ml of 0.1 N HCl. Dilute to 
volume with distilled water. Pipette an aliquot equivalent to 1000 I'g 
and transfer to a second lOO-ml volumetric flask. Dilute to the mark 
with distilled water. Each milliliter will contain 10 I'g of amine. 

c. Apparatus 

See Chapter 20 on "Randox" in this volume. 

d. Experimental Procedure 

i. Sample Preparation. 

Using a Waring Blendor or similar type apparatus. grind a 500-gm 
sample of the crop. Transfer the ground mass to a 2000-ml wide-mouth 
jar. Add a volume of chloroform equal to the sample weight and tumble 
the sample for 1 hour. Filter and transfer the filtrate to a suitable size 
separatory funnel. Wash the chloroform extract with three 100-ml por­
tions of 10% HCI. Discard the aqueous layer each time. Bottle and store 
the chloroform extract in a refrigerator until ready to use. 

Measure an aliquot of the chloroform equivalent to 100 gm of the 
crop sample and transfer to a 250-ml round-bottom flask fitted with a 
standard-taper neck. Add 100 ml of 10% H,SO" a few carborundum boil­
ing stones and place on a steam bath. Evaporate the chloroform in the 
presence of the H,SO •. 

Connect the flask to a vertical condenser and reflux for 15 minutes. 
Wash down the condenser with distilled water and allow the flask to cool. 
Connect the flask to a take-over distillation unit equipped with a sepa­
ratory funnel side-arm arrangement. Immerse the condenser tip in 5 ml of 
0.1 N HCl contained in a 250-ml separatory funnel. 

Introduce 50 ml of 50% NaOH through the side-arm separatory 
funnel. Swirl or gently agitate the apparatus as the caustic is slowly 
added to prevent the sudden liberation of excess heat. Distill the liber­
ated amine into the collection funnel, keeping the tip of the condenser 
beneath the surface of the dilute acid at all times. Collect 40-60 ml of 
the distillate, which is usually sufficient for a quantitative recovery of the 
amine. 

Remove the collection funnel and extract the distillate with three 5-ml 
portions of chloroform. Discard the chloroform extracts. Proceed with the 
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color formation as outlined below (see "Standard Curve"). Convert the 
ahsorbance at 435 m,t to micrograms of amine by llse of the standard 
cllrve. .. 

ii. Preparation oj Standard Curoe for Amines. 

Pipet 1, 4, 7, and 10 ml of the standard amine solution and transfer 
to I25-ml separatory funnels. Dilute with distilled water to 50 mI. Add 
10 ml of chloroform-carbon disulfide mixture, 5 ml of copper-ammonia 
reagent, and 1 to 2 ml of 50% NaOH. Shake for 3 minutes, allow the 
layers to separate and draw off the chloroform layer into a 25-ml Erlen­
meyer Hask. Dry over 1 to 2 gm of sodium sulfate until the colored solu­
tion is free of any cloudiness. Occasional sWirling may be necessary. 
Decant a portion of the clear solution into a I-em cell and measure the 
absorbance at 435 m,u with a Beckman DU spectrophotometer (or 
equivalent) using distilled water as a reference. Prepare a standard 
curve by plotting absorbance against concentration. 

iii. C a/cuiation. 

CDEC = Micrograms diethylamine 
p.p.m. Aliquot sample weight (grams) X 0.32Q· 

I 
Correct the parts per million of CDEC for per cent ~ecovery as 

determined from a series of untreated crop samples to which known 
amounts were added. Recoveries have averaged 80% or better in all 
applications. 

3. APPLICABiLITY OF METHOD TO DIFFERENT CROP OR FOOD MATERIALS 

The method is applicable to a variety of vegetable crops with no 
special difficulties. 

4. DISCUSSION OF METHOD 

The lise of chloroform as the extraction solvent often leads to diffi­
culties due to the formation of tight emulsions. The use of anhydrous 
granular sodium sulfate in amounts up to that equal to the sample 
weight will greatly aid in breaking up emulsions that may form during 
the tumbling or shaking step. It is also possible to place the sample in 
a deep freezer overnight. Filtration is accomplished as the sample warms 
to room temperature. 

Reaction times for the formation of the colored copper complex may 
vary with the volu[ne and temperature of the distillate. A masimum of 
5 minutes is allowed for shaking, using a wrist-action mechanical shaker 
equipped with a timer clock. The time and volume should be adjusted to 
give maximum consistent recoveries. Instrumental readings should be 
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made without delay as the color is subject to fading in a few minutes. 
Excessive cloudiness in the chloroform layer is normally removed by 
drying over a gram or two of anhydrous sodium sulfate. 

5. MODIFICATION OF METHOD 

The validity of results follOWing modification of the method should 
be verified by the use of an analytical reference sample. 
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chemical properties, 38--39 
empirical formula, 37 
formulations, 39-40 
history, 38 
molecular weight, 37 
physical properties, 38 
solubility, 38 
structural formula, 37 
synthesis, 38 
toxicity, 37 

CDAA, see Randox 
CDEC, see Vegadex 
2-Chloroallyl diethyl dithiocarbamate, 

see Vegadex 
4-Chloro-2-butynyl N-3-chloro phenyJc.ar­

hamate, see Carbyne 
2.-Chloro-4-ethylamino-6-isopropylamine­

s-triazine, see Atrazine 
2-Chloro-4,6-bis-ethylamino-s-triazine, 

see Simazine 
Chloro-IPC, see CIPC 
2.-Chloro-4,6-bis-isopropylamine-s-triazine, 

see Propazine 
N -p-Chlorophenyl-N' -N' -dimethy lurea. 

see Monuron 

CIPC,49-M 
alternative names, 49 
analysis, 53-65 

formulation, 53--56 
by hydrolysis procedure, 5~ 
interferences in, 56-62 
by nitrogen content, 53 
residue, 56-65 
by total chlorine, 53 

analytical standard for, 49 
biological properties, 49-50 
chemical properties, 52 
empirical formula, 49 
formulations, 52-53 
in fruit thinning, lise of, 50 
herbicidal application, 49--50 
history, 50--51 
molecular weight, 49 
patents for, 53 
physical properties, 51-52 
residues, crops analyzed for, 51 
as sprout inhibitor, 50 
structural formula, 49 
synthesis, 52 
toxicity, 50 

3CI-IPC, see CIPC 
CMU, see Monuron 
Corn, usc in simazine bioassay, 224-225 
Cotton, Alanap determination in, 10 
Cottonseed, 

Alanap residue determination in, 10 
Dacthal residue determination in, 75-

76 
CP4742, see Vegadex 
CP6343, see Randox 
CRAG herbicide I, see Sesone 
Cytrol, see 3-Amino-s-triazole 

o 
2,4-D, see 2,4-Dichlorophenoxyacetic 

acid 
DAC-893, see Dacthal 
Dacthal, 67-77 

alternative names, 67 
analysis, 6g....77 

colorimetric, 69--75 
formulation, 69 
by gas chromatography. 69, 77 
interferences in, 74 
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residue, 69-77 
biological properties, 67-68 
chemical properties, 68 
empirical formula, 67 
formulations, 88-89 
history, 68 
molecular weight, 67 
patents for, 68 
phy.sical properties, 68 
structural formula, 67 
toxicity, 67--68 

Dalapon, 79-88 
alternate name, 79 
analysis (residue), 81-88 
analytical standard for, 79 
biological properties, 79 
chemical properties, 80 
empirical formula, 79 
history, 79-80 
molecular weight, 79 
patent for, 79 
physical properties, 80 

DCMU, see Diuron 
DEF,89-93 

alternative names, 89 
analysis, 90-93 

fonnulation, 90-93 
by infrared absorption, 90-91 
residue, 93 

analytical standard for, 89 
biological properties, sg 
chemical properties, 90 
empirical formula, 89 
formulations, 90 
history, 89-90 
molecular weight, 89 
patent for, 90 
physical properties, 00 
structural formula, 89 
synthesis, 90 
toxicity, 89 

2,4-DEP, see Falone 
N,N-Diallyl-2-ch1oroacetamide, see Ran­

dox 
2,4-Dichlorophenoxyacetic acid, 95-117 

alternate name, 95 
analysis (residue), 97-116 

by bioassay, 97 
chromatographic, 106-112 

colorimetric, 97 
interferences in, 109 
by UV absorption, 97 

biological properties, 95 
chemical properties, 96-97 
in dry crops, analysis of, 112-115 
empirical formula, 95 
history, 95-96 
in milk, determination of, 106--112 
molecular weight, 95 
physical properties, 96 
structural formula, 95 
in sugar cane juice, analysis of, 97 ~ 

102 
3- ( 3,4-Dichlorophenyl) -l,l-dimethylurea, 

see Diuron 
N-( 3,4-DichJorophenyJ )propionamide, 

see Starn 
3'4' -Dichloropropionanilide, see Starn 
Dimethyl 2,3,5,6-tetrachloroterephthalate, 

see Dacthal 
Diuron, 157-170 

alternative names, 157 
analysis, 158-170 , 

by aliphatic amine proiedure, 159 .... 
161 

by aromatic amine procedure, 161 
formulation, 158-162 
residue, 162--170 

analytical standard for, 158 
biological properties, 158 
chemical properties, 158 
empirical formula, 157 
formulations, 158 
physical properties, 158 
structural formula, 157 
toxicity, 158 

E 

Eptam, 117-123 
alternative names, 117 
analysis, 119-12.3 

colorimetric, 120-123 
formulation, 119-120 
by ga.s chromatography, 119-120 
interferences in, 122 
by nitrogen analysis, 119 
residue, 120-123 
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analytical standard for, 117 
biological properties, 117~118 
chemical properties, 118 
empirkal formula, 117 
formulations, 118 
history> 118 
molecular weight, 117 
physical properties, 118 
structuraJ formula, 117 
synthesis, U8 
toxicity, 118 

EPTC, see Eptam 
Ethyl di-n-propylthiolcarbamate, see Ep­

tam 

F 
Falnne, 125-138 

alternate names, 125 
analysis, 127-138 

colorimetric, 128-138 
formulation, 127-128 
interferences in, 135 
residue, 128--1.38 

analytical standard for, 125 
biological properties, 125--126 
chemical properties, 126-127 
in crops, recoveries from, 135 
empirical formula, 125 
formulation, 127 
history, 126 
molecular weight, 125 
physical properties, 126 
structural formula, 125 
synthesis, 126 
toxicity, 126 

FW-7.34, see Starn 

G 

G 27 6·92, see Simazine 
G 30 027, see Atrazine 
G 30 028, see Propazine 
G 31 435, see Prometone 
G 32 293, see Atratone 
G 34 161, see Prometryne 
G 34 162, see Ametryne 
Gesamil, see Propazine 
Gesaprlm, see Atrazine 
Gesatop, see Simazine 

lPC, 13fl-145 
alternative names, 1,'39 
analysis, 142-145 

formulation, 142-143 
by hydrolysis, 142--143 
residue, 144-145 
by total nitrogen, 143 

analytical standard for, 139 
biological properties, 13g._140 
chemical properties, 141-142 
empirical formula, 1.39 
formulations, 142 
herbicidal activity, 139-140 
history, 140--141 
molecular weight, 139 
physical properties, 141 
structural formula, 1:39 
synthesis, 141-142 
toxicity, 140 

Isopropyl N- (3-chlorophenyl) carbamate, 
see CIPC 

Isopropyl-N-phenyIcarbamate. see IPC 
Isopropyl N-phenyl urethane, see IPC 

K 

Kannex, see Diuron 
Kloben, see Neburon 
Knderna-Danish evaporative concentra­

tor, 99 
Koron, determination in sugar cane juice, 

102--105 

M 

Maleic hydrazide, 147-156 
alternative names, 147 
analysi.s, 14f:}-156 

formulation, 149 
residue, 149-156 
spectrophotometric, 150-156 

analytical standard for, 147 
biological properties, 147-148 
chemical properties, 148-149 
empirical formula, 147 
formulation, 149 
history, 148 
molecular weight, 147 
physical properties, 148 
structural formula, 147 
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2-Methoxy-4-ethylamino-6-isopropyl­
amino-s-triazine, see Atratone 

2-Methoxy-4,6-bis-isopropylaminO-s­
triazine, see Promctone 

2-Methylthio-4-ethylamino-6-isopropyl­
amino-s-triazine, see Ametr}lle 

2-Methylthio-4. 6-bis-isopropy lamina-s­
triazine, see Prometryne 

MR, see Maleic hydrazide 
Milk, 

2,4-D analysis in, 106---112 
simazinc detcrmjnation jn, 222-2.25 

Monuron, 157-170 
alternative names, 1.57 
analysis, 158-170 

by aliphatic amine procedure, 1.59-
161 

by aromatic amine procedure, 161-
162 

colorimetric, 163 
formulation, 158-162 
residue, 162-171 

analytical standard for, 158 
biological properties, 158 
empirical formula, 157 
formulation, V58 
molecular weight, 157 
physical properties, 158 
structural formula, 157 
toxicity, 158 

N 
N-I-Naphthy}phthalamic acid, see Ala­

nap 
Ncburon, 157-170 

alternative name, 158 
analysis, 158--170 

by aliphatic amine procedure, 159-
161 

by aromatic amine procedure, 161-
162 

colorimetric, 163 
formulation, 158-162 
residue, 162--171 

biological properties, 158 
chemical properties, 158 
empirical formula, 157 
formulation, 158 
molecular weight, 157 

physical properties, 158 
structural formula, 157 
toxicity, 158 

NPA, see Alanap 

o 
Oats, use in simazine bioassay, 224 
Onions, Dacthal residue analysis in, 75-

76 

p 

Peaches, 
Alanap determination in, 10 
eIPe thinning of, 50 

Peanuts, Alanap determination in, 10 
Potato(es), 

Alanap determination in, 10 
sprouting, elPe inhibition of, 50 

Primatol A, see Atrazinc 
Primatol B, see Atratone 
Primatol 0, see Prometone 
Primato} S, see Simazine 
Prometone, 171-178 

alternative names, 171 
analysis, 173--178 ;' 

formulation, 173---174 r 

interferences, 176 
residue, 174-178 
spectrophotometric, 174-178 

analytical standard for, 171 
biological properties, 171-172 
chemical properties, 172-173 
empirical formula, 171 
formulations, 173 
herbicidal activity, 171 
history, 172 
molecular weight, 171 
patents for, 172 
physical properties, 172 
structural formula, 171 
synthesis, 172-17~3 

toxicity, 171-172 
Prometryne, 179-188 

alternate name, 179 
analysis, 180-186 

formulation, 180-183 
interferences in, 181 
residue, 183--186 
spectrophotometric, 183-186 
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analytical standard for, 179 
biological properties, 179 
chemical properties, 180 
compared to Ametryne, 186 
empirical formula, 179 
formulations, 180 
herbicidal activity, 179 
history, 180 
molecular weight, 179 
patent for, 180 
physical properties, 180 
structural formula, 179 
synthesis, 180 
toxicity, 179-180 

Propazine, 187-190 
alternate names, 187 
analysis, 188-190 

colorimetric, 190 
formulation, 188-189 
interferences in, 189 
potentiometric, 188-189 
residue, 190 
spectrometric, 190 

analytical standard for, 187 
biological properties, 187 
chemical properties, 188 
empirical formula, 187 
formulations, 188 
herbicidal activity, 187 
history, 188 
molecular weight, 187 
patents for, 188 
physical properties, 188 
structural formula, 187 
synthesis, 188 
toxicity, 187-188 

n-Propyl ethyl-n-hutythiol 
see Tillam 

Prunes, CIPC thinning of, 50 

R 
R-1608, see Eptam 
Randox, 191-198 

alternative names, 191 
analysis, 193-198 

colorimetric, 195-198 
formulation, 193-194 
residue, 194-198 

analytical standard for, 191 

carbamate, 

.1 , 

biological properties, 192-193 
chemical properties, 192 
empirical formula, 191 
formulations, 193 
history, 19:2 
molecular weight, 191 
patent for, 192 
physical properties, 192 
>~tructllral fonnula, 191 
synthesis, 192 
toxicity, 192 

RID, Dacthal in, 69 

s 
S-84 7, see Carbyne 
Sesone, 199-212 

alternative names, 19-9-
analysis, 201-209-

by acid hydrolysis, 201 
formulation, 201-202 
residue, 202--209 

analytical standard for, 199 
biological properties, 199 
chemical properties, 200 
empirical formula, 199 
formulations, 201 
history, 200 
molecular weight, 199 
physical properties, 200 
structural formula, 199 
synthesis, 200 

Silvex, 211-212 
analysis, 211 
analytical standard for, 211 
biological properties, 211 
empirical formula, 211 
history, 211 
molecular weight, 211 
phy.~"ical properties, 211 
solubilities of, 211-212 
structural formula, 211 

Simazine, 213-233 
alternative names, 213 
analysis, 216--232 

by bio~ssay, 224-225 
colorimetric, 225--232 
interferences in, 216, 217, 218, 221, 

229 
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potentiometric, 216-225 
residue, 218-232 
spectrometric, 219-224 

analytical standard for, 213 
biological properties, 213-214 
chemical properties, 214 
empirical formula, 213 
formulations, 216 
herbicidal activity, 213 
history, 214 
in milk, determination of, 222-225 
molecular weight, 213 
patents for, 214 
physical properties, 214 
structural formula, 213 
synthesis, 214 
toxicity, 214 

Sodium 2,4-dich1{)wphcI1oxyethyJ sl1lfat~', 

see Scsone 
Sodium 2,2-dkhloropropion<\t(" see Dala­

pon 
Soil, Dacthal residue analysis in, 75 
Sorghum, lISe in simazine bioassay, 224-

22,5 
Soybeans, 

Alanap determination in, J-9--- -
use in atrazine bioassay, .'36 
use in simazine bioassay, 224-225 

"Sprout-Nip," C}PC in, 52-53 
Sprouting, eIPe inhibition of, 50 
Starn, 235--241 

alternative names, 2.35 
analysis, 236-241 

by alkaline hydrolysis, 236 
by chlorine detennination, 2.'36 
formulation, 236 
interferences in, 240 
residue, 236-241 

analytical standard for, 233 
biological properties, 235 
chemical properties, 236 
empirical formula, 235 
formulation, 236 
molecular weight, 235 
physical properties, 235 
structural formula, 235 
synthesis, 236 
toxicity, 235 

Strawberries, Dacthal residue analysis 
in, 75 

Sligar cane juice, 
2,4-1) residue analysis of, 97-102 
Kuron determination in, lO2-~5 

Sweet potatoes, Dacthal residue analysis 
in, 75-76 

T 
2,4,5-T acid, see 2,4,5-Trichlorophenoxy­

acetic acid 
Tetrachloroterephthalic acid, see Dacthal 
Tillam, 243-246 

alternative standard for, 243 
analysis, 244-246 

formulation, 244-245 
gas chromatographic, 244-245 
by Kjeldahl nitrogen, 245 
residue, 245-246 

biological properties, 243 
chemical properties, 244 
empirical formula, 243 
history, 244 
formulations, 244 
molecular weight, 243 ;" 
patent applications for, 244 
physical properties, 244 
recovery studies on, 246 
structural formula, 243 
synthesis, 244 
toxicity, 243 

S,S,S-Tributyl phosphorotrithioate, see 
DEF 

2,4,5-Trichlorophenoxyacetic acid, 247-
248 

alternative names, 247 
analysis, 248 
analytical standard for, 247 
biological properties, 247 
empirical formula, 247 
history, 247 
molecular weight, 247 
physical properties, 247-248 
solubilities of, 247-248 
structural formula, 247 

2- (2,4,5-Trichlorophenoxy) propionic 
acid, see Silvex 

2- (2,4,5-Trichlorophenoxy) propionic 
acid, propylene glycol butyl ethyl 
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ester, determination in sugar cane 
juice, 102-105 

Tris-2,4-dichlorophenoxyethyl) phos_ 
phite. see Falone 

v 
Vegadex, 249-257 

analysis, 251-257 
formulation, 251-253 
residue, 254-257 
by UV absorption, 254 

analytical standard for, 249 
biological properties, 249-250 
chemical properties, 251 

empirical formula, 249 
formulations, 251 
history, 250 
molecular weight, 249 
patents for, 250 
physical properties, 250 
solubility, 250 
structural formula, 259 
synthesis, 251 
toxicity, 250 

Vorox, see Simazine 

w 
Weedazol, see 3-Amino-s-triazine 
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