
Table II. Effect of Impurities, De- 
composition and Hydrolysis Prod- 

ucts on Copper Complex Method 

Guthion 0.350 
Compound added (2 X Guthion concn.) 

Anthranilic acid 0.342 
Benzazimide 0.347 
Benziinide 0,349 
Benzoic acid 0.350 
3 4  Chloromethyl)benzaziniide 0.348 
Desmethyl Guthion, sodio 0 , O -  

methyl s-4-oxo-l,2,3-benzo- 
triazin-3(4H)ylmethyl phos- 
phorodithioate 0.343 

Dimethyl disulfide 0.352 
Formaldehyde 0.350 
3-(Mercaptoniethyl)benzaziniide 0.295 

Methyl benzazimide disulfide 0.347 
Methyl benzazimide sulfide 0.350 
.l'-Methyl anthranilic acid 0.345 
O,O,S-Trirnethyl phosphoro- 

dithioate 0.331 
Oxygen analog of Guthion 0.362 
Phosphoric acid 0.351 
Salicylic acid 0.351 
Sodium sulfide 0.320 
Sulfur 0.222 
Thiol isomer c;f Guthion 0,230 

Abs. 

Methyl anthranilate 0,349 

The oxygen analog j0,O-dimethyl 
S - 4 - oxo - 1.2,3 - benzotriazin - 3j4H)- 
ylmethyl phosphorothioatej gives a 
slight positive interference. However, 
since the concentration used \vas tivice 
that of the Guthion the interference 
would be negligible-i.e.: a sample con- 

Table 111. Reproducibility-25% 
Wettable Powder 
A1 A? AB 
26.0 26.9 (24.5)a 
26.8 26.6 26.9 
26.7 26.0 26.0 
27.0 26.1 26.2 
26.6 26.7 26.1 
26.3 26.8 26.2 
26 7 26 0 27 0 
26.4 26.7 26 7 

;\\erage 26.6 26.5 26 4 
Over-all 2 u actual = 10.24 

2 u relative = f O  96% 
1 Statistically eliminated. 

Table IV. Comparison of Guthion 
Values by the Three Methods 

Anthranilic Copper 
Acid Complex lnfrored 

86.0 80 .O 81.5 
89.6 81 .O 79.9 
91.7 81.7 79.6 
90 2 82 1 84 1 
98 6 81 4 83 3 
29 6 79 7 '8 9 

955 confidence 
limits 
12.1yc &1.0% 12.0c", 

taining 10% oxygen analog wouId 
contribute only 0.270 positive error. 

.A sample of Guthion, 25yo wettable 
powder, was submitted to the control 
laboratory for replicate analyses. The 

studies involved three analysts over a 
period of 30 days, and the results are 
shoun in Table 111. A comparison of 
results by the three methods on technical 
samples is shown in Table IV. 
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I ANALYTICAL METHOD 

Determination of the Isomer Ratio 
of Systox 

W. R. BETKER, C. J. COHEN, N. J .  
BEABER, and D. M, WASLESKI 

Research Department, Chemagro 
Corp., Kansas City, Mo. 

The isomer ratio of Systox [demeton, 0,O-diethyl O(and S)-2-(ethylthio)ethyI phos- 
phorothioates] can be calculated by determining the total ester content by alkaline 
hydrolysis and the thiol isomer content by an iodometric titration of the mercaptan formed 
upon alkaline hydrolysis. The method is  applicable to both technical and formulated 
materials. Sulfotepp (tetraethyl dithionopyrophosphate) will interfere if present and a 
method for determining Sulfotepp is  described. 

YSTOX (demeton) is a systemic in- 0 toxic than the thiono compound; the 
acute oral LDjo to male rats is 7.5 

0,0-diethyl 0-2-(ethylthio)ethyl phos- (C nH 50) 2-P-S-C ZH 1-S-C nH j mg. per kg. for the thiono isomer and 1.5 
Thiol mg. per kg. for the thiol isomer ( 7 7 ) .  phorothioate (thiono isomer), and 0,O- 

diethyl S-2-(ethYlthio)ethyl PhosPhOro- to thiol iso,ner in I t  is, therefore, of importance to know 
thioate (thiol isomer). 

technical Systox normally varies between 
2 1 and 1 to 1. There is a difference The isomerization of thiono to thiol 
in the chemical and biological properties isomer has been studied by several 
of the two isomers, the thiol being three workers. Henglein and Schrader (5) in 
times more water-soluble ( 7 )  and more 1955 reported that the isomerization was 

secticide composed of two isomers, ! I  S 
The ratio of 

isomer ratio. 

S 
I !  

(C zH 50) L-P-0-C aH 4-S-C nH 5 

Thiono 
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zero-order in the 0 to 50% isomerization 
range and first-order in the 30 to 100% 
isomerization range. Fukuto and Met- 
calf (3) in 1954 using P3*-labeled Systox 
and paper chromatography to separate 
the isomers, reported a first-order re- 
action over the entire 
Goldenson ( 7 0 )  in 19 
study the isomerizati 
reaction to be intermediate betiveen first- 
and second-order. 

Figure 1 sho\vs the isomer ratio change 
of three samples of technical S>-stox of 
different initial isomer ratios kept a t  
room temperature for one year. In- 
frared ivas uaed to determine the thiol 
isomer and the total Systox was deter- 
mined by caustic h~;drolysis. The thiono 
isomer \vas calculated as the difference 
between the thiol and total SVstox and 
plotted logarithmically on the ordinate. 

nths is plotted linearly along 
, The straight-line relation- 

ship indicates that the isomerization is 
first-order-i.e.: a function of thiono 
isomer concentration. 

In the manufacturing process the 
thiono isomer is synthesized and then 
isomerized by heating to an isomer ratio 
of 2 parts of thiono to 1 part of thiol. 
Heat greatly increasrs the rate of isom- 
erization and at 1?O0 C. the thiono 
isomer is completel) converted to the 
thiol isomer in about 4 hours (3).  There- 
fore, a rapid, simple method was sought 
for process control. 

Henglein. Schrader. and Muhlmann 
(5, 6 )  and Hensel and Kessler (7) have 
described infrared measurements of the 
P=S and P=O absorption bands to 
calculate the isomer ratio. For technical 
Systox, a similar method has been used: 
\vhich consists of determining the thiol 
isomer concentration by measuring the 
absorption of the P==O stretching band 
a t  8.0 microns and distermining the total 
Systox by hydrol>-sis. The difference be- 
tlveen the thiol value and the total 
Systox value gives the thiono isomer con- 
centration. IVhen this method \cas ap- 
plied to spray conceritrates of Systox: in- 
terference from the emulsifiers was en- 
countered. 

Hensel and Kesslei (8) observed that 

i o o r  
I 
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L 
Y 0 

L w I 

P 
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Figure 1 .  Isomerization of three 
samples of Systox a t  room tempera- 
ture 

Initial isomer ratio 
0 5 t o 1  

2 t o 1  
A 3 t 0 1  

the thiol isomer hydrolyzed much more 
rapidly a t  room temperature than the 
thiono isomer and described a method 
based on the different rates of cold 
alkaline hydrolysis. The  thiol isomer 
calculated by the authors by this method 
was consistently higher than by infrared. 
Interferences from hydrolyzable im- 
purities such as Sulfotepp account for 
this difference. The 5 hours needed for 
hydrolysis makes this method too long to 
be usable as a process control method. 

The  thiol Systox ( 9 )  has been deter- 
mined by hydrolysis in an  alkaline lead 
acetate solution. extracting the lead salt 
of the liberated mercaptan Pb(SCnH4- 
SCZH:) 2 ivith chloroform, acidifying: and 
determining the lead lvith EDTA or the 
mercaptan by iodine titration. The lat- 
ter variation has been recommended by 
the Collaborative Pesticides Analytical 
Committee (2). The  purpose of forming 
the lead salt is to prevent the oxidation 
of mercaptan to disulfide. Hoivever, in 
the iodometric method, if the liberated 
mercaptan is titrated lvithin 5 minutes. 
the loss is negligible. In  the present 
procedure the thiol isomer is determined 
by an  iodometric titration of the mer- 
captan liberared immediately following a 
5-minute hydrolysis in 2.\- methanolic 
sodium hydroxide. 

Groves (1) described a method based 
on a bromide-bromate oxidation before 
and after alkaline hydrolysis. The  thiono 
isomer required ten bromine equivalents 
before and after alkaline hydrolysis, while 
the thiol isomer required t\vo bromine 
equivalents before and eight equivalents 
after alkaline hydrolysis. This method 
\vorks well and may be used in place of 
the method described in this paper if a 
correction is made for Sulfotepp. 

Sulfotepp (tetraethyl dithionopyrophos- 
phate), a by-product of the synthesis, 
\vas found by thin-layer chromatography 
to be present in Systox, usually in the 
1 to 37c concentration range. The 
presence of Sulfotepp was confirmed by 
gas chromatography. Sulfotepp is easily 
hydrolyzed: consuming tlvo equivalents 
of base. I t  will also be oxidized by 
bromide-bromate consuming 16 equiv- 
alents. Therefore, all of the methods 
described need a correction for Sulfo- 
tepp. A GLC method is described for 
determining Sulfotepp in Systox. 

Experimental 

Apparatus. Gas chromatograph, F 
8r hI Model 810 equipped with a 
thermal conductivity detector and two 
6 foot X 4 inch stainless steel columns 
packed \ \ i th Carbowax 20M. lO7c on 
Chromsorb \V, 60 80-mesh. 

Reagents. Hvdrochloric acid, 0 1-Y 
aqueous. standardized. 

Iodine solution. 0.1.\-. Dissolve 26 
grams of iodine and 30 grams of potas- 
sium iodide in 2 liters of water. Stand- 
ardize against arsenic trioxide. 

Sodium hydroxide, 0.l.Y aqueous 
Sodium hvdroxide, 2.V in methanol 

Sulfotepp 
Systox, thiol isomer, 987, 
Systox: thiono isomer, 947, 
Procedure. TOTAL SYSTOX BY HY- 

DROLYSIS. Weigh to the nearest 0.1 
mg. a sample containing 0.5 gram of 
Systox into a 250-ml. Erlenmeyer flask 
having a ground-glass joint. Add 20 ml. 
of isopropyl alcohol and pipet in 50 mi. 
of 0.1-V sodium hydroxide. -4ttach the 
flask to a reflux condenser and reflux for 
1 hour for technical Systox or 4 hours for 
Systox spray concentrates. Cool. then 
quantitatively transfer the contents of the 
flask to a 400-ml. beaker. insert a glass 
and a calomel electrode system con- 
nected to a p H  meter. and titrate ivith 
standardized 0.1 -Y hydrochloric acid 
until a p H  of 6.0 is reached. Titrate 
until this p H  remains constant for a t  
least 3 minutes. Carry a blank through 
the procedure, omitting the sample. 
For spray concentrates make a blank 
consisting of the proper proportions of all 
spray concentrate ingredients, omitting 
only the Systox. 

FREE ACID. \\'eigh to the nearest 
1 mg. a sample containing 2 grams of 
Systox into a 250-ml. beaker. Add 
25 ml. of isopropyl alcohol and 100 ml. of 
carbonate-free lvater and titrate as above. 

\Veigh to the nearest 1 mg. a sample con- 
taining 1 gram of Systox into a 125-ml. 
iodine flask. Add 25 ml. of 2.Y meth- 
anolic sodium hydroxide. stopper, swirl. 
and alloiv the flask to stand for 5 minutes. 
Add 25 ml. of glacial acetic acid and 
immediately titrate ivith 0.1 .\- iodine 
solution to the first faint permanent 
yellow color. 

THIOL ISOMER BY ISFRARED. \\'eigh 
to the nearest 0.1 mg. a 0.3-gram sample 
of technical Systox into a tared 25-m1. 
volumetric flask. Dilute \cith carbon 
disulfide and relveigh. Calculate the 
\veight per cent! T I 7 .  Similarly weigh 
and dilute a sample of pure thiol isomer 
Systox. T I T 2 .  Run  the spectrum of each 
from 7.3 to 8.5 microns in a 0.2-mm. 
NaCl cell \vith a cell of equal thickness 
filled with carbon disulfide in the refer- 
ence beam. Yfeasure the absorbance of 
the 7.95-micron peak above a base line 
dra\vn bet\\-een the minima near 7.5 and 
8.4 microns. Let the sample absorbance 
be A and the standard absorbance be B. 
I t  has been established that the absorp- 
tivity of the thiono isomer at 7.95 microns 
is 11.27, that of thiol. Therefore, a 
correction factor is necessary. 

SULFOTEPP BY GLC. Make the fol- 
lo\ving settings on the chromatograph: 

THIOL ISOMER BY IODINE 'rITRATIOS. 

Column temperature, C. 200 
Detector temperature, C. 200 
Injection port temperature, C. 200 
Bridge current, ma. 200 
Recorder, mv. 1 
Helium flow, ml./min. 60 

Inject 2.00 pl.? I', of pure Sulfotepp 
and set attenuator to X32.  Sulfotepp 
has a retention time of about 6.5 minutes. 
After the Sulfotepp has cleared the 
column. inject 2.00 pl.. V? of technical 
Systox or 5.00 pl. of Systox spray con- 
centrates a t  an  attenuation of X 2 .  
(Systox follo\vs Sulfotepp by about 1 
minute.) Measure the areas of the 
sample: A :  and standard, B. 

V O L .  1 4 ,  NO. 3, M A Y - J U N E  1 9 6 6  319 



Calculations. Free acid, meq./gram = is hydrolyzed for only 5 minutes and then - -  I .  

titer of sample, ml. x normality titrated immediately, this dropoff is 
sample weight, grams negligible. 

GLC 

-1 X attenuation X Y X 100 X specific gravity of Sulfotepp 
B x attenuation x V x specific gravity of Systox 

Sulfotepp, % = 

The specific gravities a t  20' are:  
Sulfotepp 1.19; technical Systox 1.14; 
Systox spray concentrate 0.93. 
HYDROLYSIS 

(titer of sample, ml. -blank, ml.) X normality 
sample weight, grams 

Hydrolyzables as Systox, 70 = 25.8 

where 25.8 is the millequivalent weight 
of Systox multiplied by 100 to convert 
to per cent. 
Total Systox, r0 = hydrolyzables - 
(25.8 X free acid, meq.jgram) - 

(1.60 X Sulfotepp, yo) 
where 1.60 is the ratio of the equivalent 

weights of Systox and Sulfotepp 

IODOMETRIC 

To  determine isomer ratio by this 
method, the difference between the total 
Systox and thiol values is taken as the 
thiono isomer content. For process con- 
trol of technical Systox, the total ester 
value was found to fall conristently be- 
tween 35 and 1007,. Using a total ester 
value of 97.5%, an isomer ratio deter- 
mination can be run in 15 minutes. 

25.8 X titer of sample, ml. X normality of iodine 
sample weight, grams 

Thiol isomer, = 

INFRARED 100 

-. . 1 .  - A X It', X 112.6 
a 

THIOL 

0.1257 X total Systox, yo 

Systox, % - thiol isomer, 70 
thiol isomer, 70 Isomer ratio = 

THIONO 
,a-a-a 

0 10 15 20  25 30 
TIME, MINUTES 

Results and Discussion 

\\'hen known amounts of Sulfotepp 
were added to Sulfotepp-free Systox and 
injected into the gas chromatograph, 
recovery of Sulfotepp was quantitative. Figure 2. Hydrolysis of 

The hydrolysis of the thiol isomer is Systox with 2N NaOH in 
believed to proceed as follows : methanol 

An extraction of the mercaptan as the 
lead salt is unnecessary. for the mercap- 
tan can be titrated directly with standard 
iodine solution. The thiono isomer will 
not interfere, because it will not hy- 
drolyze to give a mercaptan. A plot of 
per cent hydrolysis us. time is shown in 
Figure 2. 

The thiol isomer hydrolysis iscompleted 
in 5 minutes. The apparent interference 
from the thiono isomer is due to a small 
thiol contamination in the thiono isomer 
standard. The downward slope of the 
curve after 3 minutes is probably due to 
some air oxidation of the liberated 
mercaptan to disulfide. Since the sample 

Mixtures of the two purified isomers 
were prepared and analyzed by this 
method (Table I). The values in the first 
two columns have been corrected for the 
purities of the samples used to make the 
mixtures as determined by hydrolysis. 
but the thiono isomer values have not 
been corrected for thiol content. I t  is 
nearly impossible to keep the thiono 
isomer free of thiol for any length of time 
and the small positive bias seen in Table 
I for the technical mixtures is due to a 
small thiol contamination in the thiono 
isomer. 

Good agreement is shown between 
thiol added and thiol found. These 

Table 1. Analysis of Laboratory- 
Prepared Technical Mixtures and 

Systox Spray Concentrates 
Thiono Thiol Thiol 
Isomer Isomer Isomer 

Added, % Added, % Found, % 
TECHNICAL MIXTURES 

6 7 . 4  2 8 . 1  2 8 . 7  
66 0 2 8 . 7  2 9 . 3  
62 1 3 2 . 7  3 3 . 4  
56 9 37 9 38 6 
52 8 40 6 41 5 
52 8 40 6 41 9 
52 4 43 7 43 6 
5 0 . 7  4 6 . 1  4 6 . 1  
4 6 . 7  4 6 . 7  4 7 . 5  
4 4 . 3  4 9 . 2  4 8 . 9  
4 2 . 3  5 2 . 9  5 4 . 1  

S P R A Y  CONCENTRATES 
1 3 . 6  1 2 . 4  1 2 . 2  
1 3 . 3  1 2 . 1  1 1 . 9  
1 7 . 1  9 . 0  8 . 7  
1 7 . 4  8 . 7  8 . 6  
3 7 6  8 . 4  8 . 3  

data also show that the method will work 
over an extended isomer ratio range. 
The iodometric method was reliable for 
both technical and spray concentrates, 
and did not require expensive infrared 
equipment, thus being suitable for use 
as a plant process control method for 
monitoring the isomer ratio. 
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