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Guthion hlas been analyzed by three methods: caustic hydrolysis to form anthranilic acid 
which i s  diazotized, coupled with N-( 1 -naphthyl)-ethylenediamine, and the resultant purple 
color measured at 555 mp; caustic hydrolysis to form the sodio 0,O-dimethyl phosphoro- 
dithioate which i s  complexed with cupric ion in acid and the absorbance measured at 420 
mp; and infrared measurement of P=S stretching vibration at 654 cm.-l (1 5.25 microns). 
These methods of analysis are discussed and compared. 

UTHIOS, [O,O - dimethyl S - 4- G oxo - 1.2:3 - benzotriaziii - 3- 
(4H)-ylmethyl phosphorodithioate] is 
a broad spectrum insecticide which is 
effective against Coleoptera. Diptera, 
Homoptera. Hemiptera. Lepidoptera, and 
various mite species. I t  is in the same 
oral toxicit)- range as parathion. but has 
a safety factor of lower dermal and 
inhalation toxicity. Guthion, also known 
as BAY 17147 and Gusathion. has been 
marketed as spray concentrates. a \vet- 
table po\vder. and a dust. 

The technical material is a bro\vn 
\vaxy solid ivith a melting point of ap- 
proximately 65" to 68' C. ,  but in the 
pure state is Tvhite and melts at 73' to 
74' C. I t  is soluble in most organic 
solvents except aliphatic hydrocarbons. 

In choosing a suitable method for 
production control. several routes ap- 
peared promising. \Vollenberg and 
Schrader (9) described a colorimetric 
method using phenyl-1-naphthylamine 
in an  acid medium. Giang has 
hydrolyzed Guthion iin base to give sodio 
0,O-dimethyl phosphorodithioate (.3) 
from \vhich a yello\v copper complex 
has been formed (6). Giang and Schech- 
ter ( I )  reported a method in \vhich 
Guthion \vas treated \vith acid to form 
formaldeh)-de Ivhich was determined 
colorimetrically Xvith chroinotropic acid. 
Ho\\,ever, thic method lvas not intended 
for production coni:rol. Bratton and 
Xfarshall ( 2 )  reported that sulfanilamide 
was diazotized and coupled to form a 
purple complex. Similarly. anthranilic 
acid also forms a pixple complex. In 
addition to these methods, an infrared 
procedure has been investigated in the 
authors' laboratory. 

Experimental 

ing. Teflon stopcock. 50 ml. 

silicate glass. 2 cm. 

420 mp> 2-cm. path. 

Apparatus. Buret. automatic fill- 

Cells. round or rectangular, boro- 

Colorimeter. capable of measuring at  

Paper, filter, Ll'hatman No. 541, 11 

Shaker, mechanical. 
Spectrophotometer, infrared, capable 

Timer, with minute and second hands. 
Reagents. Buffer Solution No. 1. 

Add reagents in order described: In 4 
liters of water dissolve 815 grams of 
ammonium acetate. Add 400 ml. of 
concmtrated hydrochloric acid and mix 
thoroughly. 

Proceed as for 
Buffer No. 1 except add 0.80 gram of 
potassium bromate before diluting to 8 
liters and mixing. 

Copper Sulfate Pentahydrate. 23% 
solution. aqueous. 

1.2-Dimethox)-ethane, b.p. 83' to 
85" C. 

Ethanol. 2B anhydrous. 
Guthion. m.p. 73' to 74" C. (Chem- 

agro Corp.: Kansas City, Mo.) .  Crude 
technical material \vas crystallized from 
benzene, then from methanol after 
charcoal treatment. and finally from 

cm. 

of scanning 14.3 to 16.0 microns. 

Dilute to 8 liters and mix. 
Buffer Solution No. 2. 

methanol. 
.I--(l -naphthyl)-ethylenediamine Di- 

hydrochloride. Dissolve 1 gram in 100 
ml. of distilled water. add 2 grams of 
charcoal. shake. and filter. Prepare 
fresh dail) . 

Sodium hydroxide, 3.0.V in methanol 
(120 grams NaOH 'liter). carbonate- 
free. 

Procedure 

Anthranilic Acid Method. Dissolve 
a 0.4-gram sample of Guthion in 23 ml. 
of dioxane in a 250-ml. volumetric flask 
and dilute to volume Ivith 2-propanol. 
Pipet a 5-ml. aliquot into a 100-ml. 
volumetric flask and dilute to volume 
u i th  2-propanol. Pipet a 5-ml. aliquot 
of this last dilution into a 100-ml. volu- 
metric flask. add 5 ml. of 1.V sodium 
hydroxide. and let the solution stand 20 
minutes after mixing. Acidify \vith 6 ml. 
of 3AY hydrochloric acid, add 1 ml. of 
0.25Tc sodium nitrite solution and let the 
solution stand 10 minutes. Destroy the 
excess sodium nitrite Tvith 1 ml. of jTc 
ammonium sulfamate. After 10 minutes. 

add 4 ml. of .V-(1-naphthyl)-ethylene- 
diamine dihydrochloride solution. swirl! 
and let the solution stand 25 minutes to 
permit color development. Dilute to 
volume and read the absorbance a t  S55 
mp after 5 minutes against a reagent 
blank. Prepare a calibration curve 
using recrystallized Guthion. 

Infrared Method. LVeigh accurately 
the equivalent of 0.4 gram of Guthion 
into a 100-ml. volumetric flask. dissolve, 
and dilute to volume with dimethoxy- 
ethane. Mechanically shake 2S% wet- 
table poivder for 5 minutes with 50 ml. 
of dimethoxyethane. Fill a 0.5-mm. 
KBr infrared absorption cell and scan 
the spectrum from 700 to 625 cm.?  
(14.3 to 16.0 microns). Measure the 
peak height a t  654 cm.-l (15.25 microns) 
using a base line draivn betLveen the 
minima near 14.3 and 16.0 microns 
(700 and 625 c m . 3 ) .  Prepare a calibra- 
tion curve from the absorbances of a 
series of standard solutions. For spray 
concentrates, the standard solutions 
must contain the proper amount of 
spray concentrate ingredients. 

Copper Complex Method. LVeigh 
accurately the equivalent of 0.12 gram 
of Guthion into a 100-ml. volumetric 
flask. add about 70 ml. of ethanol, and 
s\virl until dissolved. Mechanically 
shake 25Yc \vettable powders for one 
hour. Dilute to volume Xvith ethanol 
and mix thoroughly. Pipet 5 ml. into a 
100-ml. volumetric flask and dilute to 
volume \vith methanol. hfix thoroughly. 
Pipet 10 ml. into a 250-ml. separatory 
funnel to Jvhich 10 ml. of methanol has 
been added. 

From this point. start samples 
individually at five-minute intervals. 
Pipet 3.0 ml. of 3.0.V methanolic S a O H  
into the separatory funnel. Stopper and 
swirl to assure mixing but do not allow 
stopper to be \vetted. Let stand 10 
minutes. Add 100 ml. of buffer solution 
No. 2 with a graduate, shake vigorously 
to assure mixing, and allow to stand for 
20 minutes (decomposed samples require 
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further handling as shown later). From 
an automatic filling buret, add exactly 
50 ml. of chloroform. (The total time 
allowed after addition of copper sulfate 
until the reading of the solution must not 
exceed 2.0 minutes.) Add 10 ml. of 
copper sulfate solution and immediately 
shake vigorously for 30 seconds. ,4110~ 
layers to separate and filter the chloro- 
form layer through a \\'hatman 541 
filter into a 2-cm. cell and read im- 
mediately at  420 mp against a blank of 
chloroform. 

\\'ith decomposed samples or samples 
of very low per cent Guthion, additional 
oxidizing agent may be required. Pro- 
ceed as follows : 

Carry out the copper complex pro- 
cedure but use an appropriate amount of 
buffer solution containing no potassium 
bromate (buffer solution No. 1) .  Pre- 
pare separately a 1% solution of potas- 
sium bromate. Add 100 ml. of buffer 
solution No. 1 and 1 ml. of bromate 
solution. To another aliquot of the 
sample repeat the procedure. but add 
3 ml. of bromate solution. If the ab- 
sorbance of this aliquot is the same or 
lower than the first disregard it and use 
the original value. If the second value 
is higher, repeat the procedure using 5 
ml. of bromate solution. This procedure 
is repeated until a maximum absorbance 
value is obtained. 

Standard for Copper Complex 
Method. M'eigh accurately between 
0.11 and 0.13 gram of purified Guthion 
into a I-liter volumetric flask. add 100 
ml. of ethanol, and s\+irl to dissolve. 
Dilute to volume at 25 0' C. with 
methanol and mix thoroughly. Pipet 
4-. 5-. and 6-ml aliquots into 250-ml. 
separatorv funnels containing 16. 15, 
and 14 ml of methanol, respectivclv. 
Prepare two sets of these aliquots. and 
rim one set a t  the beginning and the 
second at the end of the run. The cor- 
responding absorbances are averaged 
and plotted against milliliters aliquoted, 
in such a manner that three significant 
figures can be read M ithout interpolation 
of graph divisions. 

Calculations 
wt. of std. X 200 X 100 - 

~. - K =  1000 ml. 
wt. of std. X 20 

X K  
cI - ml. from graph Guthion, ,c - ~~ wt. of sample 

Discussion 

The first method used for the quality 
control of Guthion \vas alkaline 
hydrolysis to form anthranilic acid 
followed by diazotization and coupling 
( 7 )  with .\;-(1-naphthyl)-ethylenedia- 
mine dihydrochloride as shown in Figure 
1. The purple complex has a maximum 
absorbance at  555 mp. 

The time of hydrolysis was investigated 
by hydrolyzing a sample of Guthion for 
5. 10, 15, 30, and 60 minutes. The 

0 0 

e H-N-C Hp-CHp-NHz 

N- i l -  naphthyl)  
ethylenediamine 

N =  N 

Figure 1 .  Anthranilic acid method 

hydrolysis was essentially complete after 
10 minutes. Maximum color develop- 
ment was obtained using 5 ml. of l.\' 
sodium hydroxide and 6 ml. of 3 S  
hydrochloric acid. The time necessary 
for the diazotization of the anthranilic 
acid formed vias studied and although 
diazotization was complete in 2 minutes, 
the use of 10 minutes gave the best 
reproducibility in subsequent studies. 
Use of 2.5 and 57, solutions of am- 
monium sulfamate which destroys the 
excess nitrous acid was investigated. 
The 5% solution gave better reproduci- 
bility. 

A 1y6 solution of .Y-(1-naphthyl)- 
ethylenediamine was chosen because 
lower concentrations gave inconsistent 
color development. Better reproduci- 
bility was obtained when the .V-(l- 
naphthyl)-ethylenediamine solution was 
cleaned up with charcoal and prepared 
fresh daily. Also, a deeper color was 
developed when the solutions were 
undiluted during development time. 
Maximum color was developed by per- 
mitting the solution to stand for 25 
minutes, then diluting to volume and 
reading the solutions after 5 minutes. 

Benzene, ethanol, ether, and dioxane 
were evaluated with respect to the speed 
of dissolution of technical Guthion. 
Dioxane was the best of these solvents 
and was used in the final method. 

Several of the known impurities 
previously isolated and identified in 
technical Guthion (8) were analyzed by 
the anthranilic acid method. These 
compounds and the extent of their inter- 
ference on a molar basis are shown in 
Table I. The numbers represent the 
contribution as apparent per cent 
Guthion when an equivalent molar 
quantity of the compound is present as 
an impurity. A reproducibility study 
showed the 9576 confidence interval to 
be =k2.57, relative (5). 

The method described above is subject 
to interferences as shown in Table I, and 
infrared analysis was investigated as a 
more specific technique. Three peaks 
looked promising: 9.8 (P-0-C)! 12.2 
(unassigned), and 15.25 (P=S) microns 

as sh0n.n in Figure 2. The infrared scan 
of a sample that had been heat de- 
composed showed that the 15.25 (654 
cm.-l) peak had completely disappeared. 
This peak also had the flattest base line 
and. therefore, \vas chosen as the best 
peak for analytical purposes. The com- 
pounds in Table I were investigated for 
possible interference at  15.25 microns 
along with sodio 0.0-dimethyl phos- 
phorodithioate and its free acid. Of 
these compounds, only anthranilic acid, 

Table 1. Interference of Impurities 
in Anthranilic Acid Method 

lnferference 
Per Mole, 

Compound % 
;Inthranilic acid 
Benzazimide 
3-( Chloromethy1)benz- 

azimide 
3-( Hydroxymethyl jbenz- 

azimide 
3-( Mercaptomethy1)- 

benzazimide 
3-Methyl benzazimide 

disulfide 
3-Methyl benzazimide 

sulfide 
3-Methyl benzazimide 
Oxygen analog (0,O-di- 

methyl s-4-oxo-l,2,3- 
benzotriazin-3( 4H)- 
yltnethyl phosphoro- 
thioate) 

0,O.S-Trimethyl phos- 
phorodithioate 

100 (standard j 
0 . 0  

100 .0  

0 . 0  

30.6 

23.0 

39.1 
9 0 . 0  

100.0 

0 . 0  

WAVELENGTH 
IMKRONSI 

5 6 7 8 9 I C  I 2  15 

2000 1500 1000 600 

FREQUENCY IC M'h 

Figure 2. IR spectrum of Guthion 
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O,O,S-trimethyl phosphorodithioate, and 
sodio 0.0-dimethyl phosphorodithioate 
interfered. However. these compounds 
are present only in trace amounts in 
technical Guthion. 

Several solvents were investigated. 
Acetone, dioxane, and acetonitrile did 
not give linear plots when absorbance 
was plotted against concentration, but 
carbon disulfide, ether, and dimethoxy- 
ethane were satisfact'xy in this respect. 
The 957c confidence limit of the method 
is *2.0% relative. 

Another method. a variation of the 
malathion procedure 13), adapted for the 
control analysis of Guthion. was based 
on the caustic hydrolysis of Guthion to 
sodio 0,O-dimethyl phosphorodithioate, 
the acidification to the acid, and the 
formation of a copper complex which 
was extracted into an  organic solvent, 
as shown in Figure 3. The complex had 
an intense yellow color with a maximum 
absorbance at  420 mp in chloroform. 
This solvent \vas used because it readily 
extracted the complex from \cater, and 
its densit)- afforded ready separation 
from the aqueous phase. 

The effect of pH 011 the formation and 
extraction of the complex \vas in- 
vestigated by; adding measured amounts 
of acetic acid (hydrochloric acid for 
lower pH's) and aqueous ammonia to the 
hydrolyzate. The  resultant pH \\'as 
measured on a standard pH meter after 
adding copper sulfate and extracting 
with chloroform (Figure 4). The upper 
portion of this curve may be considered 
as two plateaus-from pH 1.75 to 2.5 
and pH 4.5 to 5.23. 'The procedure was 
modified to include a buffer so that the 
pH of the hl-drolyzate had a pH 2.1 a t  
the extraction step. The use of this 
buffer gave reproducible results. How- 
ever, when copper mlfate was omitted 
from the procedure (essentially a sample 
blank), absorbances equivalent to 1 to 
37c of the apparent Guthion in the 
sample \\.ere found. These blank values 
were too high and variable to permit use 
of this procedure as a method. 

The blank value could be reduced to 
1 yo consistently if the hydrolysis solution 
\vas treated \cith 4.0 ml. of ammonium 
hydroxide and was permitted to stand 
for 20 minutes before acidification. 
HoLvever. the addition of concentrated 
aqueous ammonia nccessitated a lengthy 
titration with standardized hydrochloric 
acid to attain the desired pH, which \cas 
considered impractical for a routine 
method. 

The 4.5 to 5.25 pH plateau of the pH- 
absorbance curve \vas also investigated. 
After hydroi)-sis. 5 1111. of concentrated 
hydrochloric acid a-nd 15 ml. of 687, 
ammonium acetate were added to attain 
a pH of 4.65. Absorbance values a t  this 
p H  were reproducible. Sample blank 
values amounted to 0.5%. 

4 sample of Guthion, formulated as a 
wettable polvder (27.17, by infrared 

analysis), gave 24.37, by this revised 
procedure. As reducing materials pres- 
ent in the hydrolyzate can convert 
cupric ion to the cuprous form and 
thereby reduce complexation, the use of 
oxidizing agents was investigated. 
Doubling and halving the amount of 
ferric chloride recommended by Ware 
for the determination of malathion (7) 
had no effect on the value obtained; 
omission of ferric chloride had no effect. 
Such reagents as sodium hypochlorite 
and iodine immediately consumed the 
dithio acid formed (no color formation). 
Even less than equivalent amounts of 
these reagents reacted immediately to 
oxidize proportional amounts of acid 
present. 

In  the analysis of Guthion, 25%, 
\vettable powder formulations, 1 ml. of 
a 1.07G aqueous solution of potassium 
bromate added to the acidified 
hydrolyzate increased the absorbance 
by Syc. Figures 5 and 6 show the effect 
of various amounts of the 1 .O% potassium 
bromate solution on formulations. Be- 
cause concentrations of Guthion are not 
the same: absorbances between samples 
cannot be compared directly. Since the 
addition of potassium bromate solution 
in the analysis of purified Guthion gives 
an  increase in absorbance, a t  least a 
portion of the reducing interfering com- 
pounds are formed by the hydrolysis of 
Guthion. The addition of 1 ml. of 1% 
potassium bromate solution was in- 
corporated into the procedure. A test 
procedure using various amounts of 
potassium bromate solution to determine 

maximum absorbance is suggested for 
badly decomposed samples. 

,411 available known impurities and 
hydrolysis products of Guthion ( 8 )  were 
evaluated for interference in the method 
as shown in Table 11. ,4 1-ml. aliquot of 
a 0.17, ethanolic solution (about twice 
the Guthion concentration) of the com- 
pounds was added to an aliquot of pure 
Guthion calculated to give an absorbance 
of 0.350. Potassium bromate solution 
was omitted from the procedure. 

A negative interference was found 
when the thiol isomer [OS-dimethyl S- 
4-0~0-1,2,3-benzotriazin-3 (4H)-ylmethyl 
phosphorodithioate], sulfur, sodium 
sulfide, O,O,S-trimethyl phosphorodi- 
thioate, and 3-(mercaptomethyl)benzaz- 
imide were added. The addition of 5 
ml. of l .07c potassium bromate solution 
in the procedure eliminated the negative 
interferences. 

0 5 '  OB Ib MI 2'0 I%KBr03  310 4'0 ' 
Figure 5. Effect of bromate oxi- 
dation on chelate formation, 
standard and technical 

Fresh technical 
0 Standard 
A O l d  technical (ca. 3oy0) 

cn3D 
9 

CH30,s 'P -S-  P - 5 - C H 2 - N  
CF3D' 

i c u + t  " C H 3 0 '  

\ti 

CH30, ,Sx, , 5, / O c H 3  
cu: 

cv30/p'  s' - S / P \ O C H 3  

Figure 3. Copper complex method 

04- T----l I 
0 3 t  1" ! Y  OP- 

O 5  05 I O  2 0  30 40 
MI I%  K B r 0 3  

1 2 3 4 5 6 7 8  
P H  

Figure 4. Variation of ab- 
sorbance with pH 

Figure 6. Effect of bromate oxi- 
dation on chelate formation, 
standard and various formula- 
tions 

A Fresh spray concentrate 
0 Standard 
i3 Fresh 4070 Premix 
H Fresh liquid concentrate 
0 Fresh 25% wettable powder 
A O l d  2570 wettable powder 
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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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