
EXTRACTION SPECTROPHOTOMETRIC DETERMINATION OF 

WITH REACTIVE DYES OF THE STABILIZED DIAZONIUM SALT TYPE 
[(2-CHLOROPHENYL)METHYLENE]PROPANE DINITRILE 

Emil HALLMEK and ZbynEk KOBLIHA 
Department of Chemistry. Military Unicersity, 682 03 VjJkoc 

Received June 21, 1991 
Accepted October 6, 1991 

A spectrophotometric method has been developed for the determination of [(2-chlorophenyl)- 
methylenelpropane dinitrile (CS) stabilized by the diazonium salts Fast Red TR and Fast Blue 
B after extraction with chloroform. Mass spectrometry, 'H and I3C NMR and elemental ana- 
lysis confirmed the presence of the hydrazoform of the azo dye formed by reaction with malono- 
nitrile, as a product of the alkaline hydrolysis of substance CS, and the diazonium salt Fast 
Red TR. 

[(2-Chlorophenyl)methylene]propane dinitrile was first synthesized in 1928 by the 
American Company Corson and Stoughton', after whom it has the code name CS; 
it was widely employed in Indochina during the war from 1964- 1969 (see refszs3). 
It is also used by police forces to suppress violence in a wide range of technical agents, 
including the use of solutions of this substance in water cannons. Similarly, it is 
used as an effective filling for special agents and munitions for antiterrorist units. 
Although substance CS is designed for temporary immobilization of living organisms, 
i ts  use is not harmless. Resorption in the organism results in metabolic oxidation 
leading to hydrolytic splitting off of ~ y a n i d e ~ - ~  and the rapid development of 
cyanide poisoning. This substance has been shown to have carcinogenic proper- 
ties"', which has led in some countries to laws against its use by police forces. 

a number 
of colorimetric and spectrophotometric can be used to analyse CS. These methods 
are often based on determination of the product of alkaline hydrolysi~'~.  [(2-Chloro- 
phenyl)methylene]propane dinitrile (o-chlorobenzylidene malononitrile) and malo- 
nonitrile react with chloranil to yield green-blue compounds that were determined 
photometrically at 680 - 700 nm (ref.I4). Similarly, Stachlewska-Wroblowa suggested 
that substance CS could be determined by a colour reaction with qu inone~ '~ .  Sub- 
stance CS has been determined qualitatively by the thin-layer chromatographic 
m e t h ~ d ' ~ ~ ' ' .  It also reacts with m-dinitrobenzene to form an orange-yellow colour 
with maximum absorbance at  408-432 nm (see ref."). The reaction is not specific; 
all compounds containing active hydrogen atoms in a methylene group yield the 

In addition to difficult physicalg~'O and physical chemical 
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c o l o ~ r ' ~ .  Similarly, substance CS reacts with 1,3,5-trinitrobenzene in dimethyl- 
formamide medium to form an orange product. 

The method based on the reaction of substance CS with formaldehyde in concen- 
trated sulfuric acidz0 leads to the formation of a yellow reaction product. The 
oxidation reaction of substance CS with potassium permanganate has become the 
basis for the spectrophotometric determination. The epoxide formed is hydrolyzed 
to form cyanide which is converted by chlorination to cyanogen chloride, which 
undergoes the Konig-Zinck reaction2' with pyridine and barbituric acidz2 to yield 
the polymethine dye, absorbing at 584 nm. Substance CS forms a yellow colour 
with ninhydrin. Ninhydrin first acts as a weak oxidant and the cyanide ion formed 
by hydrolysis reacts with the reagent to form a coloured c ~ m p o u n d s ' ~ .  

Because of a number of drawbacks of these methods, especially low sensitivity, low 
reagent stability and insufficient reproducibility, this work was carried out in order 
to develop a determination method based on the formation of azo dyes through the 
reaction of stabilized diazonium salts - Fast Red TR and Fast Blue B - with the 
malononitrile component formed from substance CS by hydrolysisz3 : 

\ 
CN 

An attempt was also made to identify the reaction product of substance CS and 
Fast Red TR. 

EXPERIMENTAL 

Chemicals and Instruments 

The work was carried out using [(2-~hlorophenyl)methylene]propane dinitrile (substance CS) 
manufactured by VOZ-072 Zemianske Kostolany, standardized by titration of excess potassium 
cyanide (c = 0.1 moll- ') with a standard 0.1 moll- '  solution of silver nitrate with potentio- 
metric indication of the equivalence point (98.3%). Malononitrile (MN), diazonium compounds 
- Fast Red TR [bis(4-chloro-2-methylbenzene diazonium) tetrachlorozincate (C.I. 37085) (R)], 
Fast Blue B [3,3'-dimethoxybiphenyl-4,4'-bisdiazonium tetrafluoroborate (C.I. 37235) (B)] - 
and the other chemicals were at least of p.a. purity, Lachema Brno. 

The infrared spectra were measured on a Specord IR 74 instrument (Zeiss, Jena) in chloroform. 
'H and 3C NMR spectra were measured in hexadeuteriodimethyl sulfoxide, using tetra- 
methylsilane as a standard, on an NMR-FT, KNM-FX 100 pulse spectrometer (JEOL, Japan). 
The mass spectra (GC-MS) were measured on a Hewlett-Packard type 5995 A instrument with 
electronic ionization. 

Elemental analysis (C, H, N, C1) was carried out in the laboratory for organic analysis of the 
Institute of Chemical Technology in Prague. Potentiometric measurements were carried out and 
the buffer solutions24 were checked using an MV 870 pH meter (Pracitronic, Dresden) and silver 
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ISE CRYTUR rype 4717, glass type 01-21 and calomel type RCE 101 electrodes (Mono- 
krystaly, Turnov). Photometric measurements were carried out on a Spekol 11 single-beam 
spectrophotometer (Zeiss, Jena). 

Procedure 

The functional dependence A = f ( 2 )  (Fig. 1) was determined by preparing a methanol solution 
of substance CS and malononitrile (MN) with a concentration of 5 mmoll-', and methanol 
solutions of Fast Red TR (cR = 3 mmol I-') and Fast Blue B (cB = 2 mmol I-'). 

An amount of 1.9 ml of borate buffer solution with pH 8.0 (R) or 9.4 (B), 0.1 ml of reagent 
and 0.1 ml of a solution of substance CS or MN were pipetted into a test tube. After standing 
for 5 min at r = 2 0 T ,  the sample as extracted into 2 ml of chloroform by shaking for 2 min. 
The absorption of the extract was read against pure solvent. The effect of the pH was studied 
by determination of the A = f(pH) dependence (Fig. 2). Amounts of 1.9 ml of buffer solution 
with pH from 3.0 to 11.0, in steps of 0.5 pH units and 0.1 ml of reagent (cR = 3 mmoll-', 
r B  = 2 mmol I -  ') were pipetted into test tubes; 50 p1 of a solution of substance CS or MN 
(rCs,MN = 5 mmol I - ' )  were added using a micropipette. After standing for 10 min at f = 20°C 
and subsequent extraction with 2 ml of chloroform, the absorbance of the organic phase was 
measured at 1. = 370 nm (R) or 420 nm (B). 

The stability of the diazonium salts in the buffer solutions was determined. An amount of 
0.1 ml of solution of the diazonium salt (cR = 3 mmoll-', cB = 2 mmol1-') was pipetted 
into 1.9 ml of buffer solution at pH 8.0 (R) or 9.4 (B), the mixture was tempered on a water bath 
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FIG. 1 
Absorption curve for malononitrile (1, 3)  
and substance CS (2 ,  4), cMNa = 
= 0.24 mmoll- '  with Fast Red TR (1, 2), 
c = 0.14 mmoll- '  and Fast Blue B (3, 4), 
c = 0.1 mmoll- '  

0 

FIG. 2 
Dependence of the absorbance of the reac- 
tion products of malononitrile (1, 3) and 
substance CS ( 2 ,  4) on the pH, c ~ ~ , ~ ~  = 
= 0~12mmol1-' with Fast Red T R  (1, 2) ,  
c = 0.14 mmoll- '  and Fast Blue B (3, 4), 
c = 0.1 mmoll- ', for A = 370 and 420 nm 
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for a period of to 40 min at r = 20°C and the absorbance was read at 5-minute intervals at 
1 = 370 nm (R) or 420 nm (B). 

The kinetics of formation of the reaction products was followed in dependence on the tempe- 
rature (Figs 3, 4, 5). An amount of 1.9 ml of buffer with pH 8.0 (R) or 9.4 (B), 0.1 ml of reagent 
( c ~ , ~  = 1 mmoll-') and 1 0 0 ~ 1  of a solution of substance CS or MN (ccs,MN = 5 mmoll-') 
were pipetted into a test tube and tempered at a temperature from 5 to 55°C for a period from 2 
to 45 min. At two- or five-minute intervals, extraction was carried out into 2 ml of chloroform 
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FIG. 4 
Kinetics of the reaction of 25.0pmol1-' 
of substance CS with 46 pmoll- '  Fast Red 
TR for I ("C): 1 5 , 2  10, 3 15, 4 20,5 25, and 
6 30; pH 8.0, A = 370 nm 

FIG. 3 
Kinetics of the reaction of 25.7pmol1-' 
malononitrile (1, 3) and 25.0 j.tmol1- ' of 
substance CS (2,  4) with 0.1 mmoll-' Fast 
Red TR (1,2) and Fast Blue B (3, 4), t = 
= 25OC 
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FIG. 5 
Kinetics of the reaction of 25.0pmo11-' 
of substance CS with 50pmol1-' Fast 
Blue B for I ("C): 1 5 ,  2 10, 3 15, 4 20, 5 25, 
and 6 30; pH = 9.4; 1 = 420 nm 
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by shaking for 2 min, the aqueous phase was drawn off and the absorbance of the chloroform 
extract was measured for 2 = 370 nm (R) or 420 nm (B). 

The stoichiometric ratio of the test substance with the reagent was determined by preparing 
1 mmol 1- ' methanol solutions of substances CS, M N  and the diazonium salts R and B. A micro- 
pipette was used to transfer 20 to 180 p1 of a solution of substance CS or M N  in steps of 20 p1 
into a test tube, and the solution was diluted with a solution of the diazonium salt to 20(1 p1; 
1.8 ml of buffer of pH 8.0 (R) or 9.4 (B) was added. After reaction for 20 min at t = 25'C, the 
absorbance of the chloroform extract was measured. 

To prepare the reaction product of CS and MN with Fast Red TR, 15 ml of buffer with pH 
8.0, 3 ml of methanol solution of substance CS or M N  ( c ~ ~ , ~ ~  = 10 mmol I-') and 12 ml of 
a solution of the diazonium salt (cR = 20 mmol I-') were shaken together and, after a reaction 
time of 20 min at t = 25'C, the mixture was extracted with 30 ml of chloroform by shaking 
for 2 min. The solvent was evaporated off, product dried in a vacuum and repeatedly recrystal- 
lized from diethyl ether. The purity of the substance was checked by TLC on Silufol plates, 
Kavalier Votice (activated for 2 h at t = 120°C). An amount of 5 p1 of the substance in methanol 
(c = 1 mg m1-l) was applied to the start and was separated using a pyridine-butyl acetate-water 
(2 : 2 : 1 vol. %) mobile phase. The reaction products of substances CS and MN with the studied 
diazonium salts both exhibited two spots with RF, = 0.50 and RF, = 0.88, one of which ap- 
parently corresponds to the hydrazone ( V )  and the other to the azo dye ( I V )  (Eq. (D)) .  
IR Spectrum: 3 300 (NH), 2 240 and 2 220 ( C s N ) ;  1 530 (C=N). 
' H  NMR Spectrum: 2.9, 3 H (CH,); 7.38, 3 H (Ar-H). 
'3C NMR Spectrum: 17.4 (CH,); 86.0 (C=N); 109.7 and 114.2 (C=N); 126.9 and 121.9 (CH). 
Mass Spectrum ( rn / z ,  %): 218 (M' 75), 165 (loo), 125 (70), 77 (89), 51 (93). For C,,H,N4C1 
(219.6) calculated: 54.94% C, 3.23% H, 16.21% C1, 25.62% N; found: 55.00% C, 3.30% H, 
16.21% C1, 25.49% N. 

To measure the A =f(ccS, , , )  dependence, an amount of 1.9 ml of buffer with pH 8.0 (R) 
or 9.4 (B), 0.1 rnl of reagent (cR = 2 mmoll- ' ,  cB = 1 mmol I-') and, using a micropipette, 
20 to 200 p1 of test substance CS or M N  ( c , - ~ , ~ ,  = 0.5 mmol I-') in steps of 20 p1 were mixed 
together. After tempering for 20 min on a water bath at t = 5 to 3OoC, cooling and extraction 
with 2 ml of chloroform by shaking for 2 min, the absorbance of the organic layer was measured 
at i = 370 nm (R) or 420 nm (B) against the pure solvent. 

RESULTS AND DISCUSSION 

Preliminary experiments with substance CS and its hydrolysis  product^'^ - malono- 
nitrile (MN) and o-chlorobenzaldehyde - demonstrated that, in alkaline medium, 
substances CS and MN react with Fast Red TR to yield a yellow product that can 
be extracted into chloroform, with an absorbance maximum at A = 370nm and, 
for Fast Blue B, A = 420nm (Fig. 1). 

To determine substances CS and MN, the absorbance maximum was read from 
the A =f(pH) dependence in Fig. 2 for the product formed in the aqueous phase 
at pH 8.0 using a phosphate buffer and, for Fast Blue B, using a borate buffer at 
pH 9.4. The blank experiments yielded a constant absorbance value over the whole 
studied pH range. 

The stability methanol solutions of the stabilized diazonium salts was determined 
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by measuring the A = f ( ~ )  dependence. The reagent solutions can be used for the 
determination for at  least 40 rnin after preparation, yielding constant chloroform 
extract absorbance values against the blank. 

In the studied concentration range 5 to 500 pmol 1- ' of diazonium salt, optimum 
concentrations of Fast Blue B of 50 pmol 1 - '  and of Fast Red TR of 100 pmol I - '  
in  the reaction mixture were found for the determination of MN and substance CS. 

A study was made of the kinetics of the reaction of substances CS and MN with 
the diazonium salts. The A =f(z) dependence for t = 25°C in Fig. 3 depicts the 
quantitative progress of the reaction for the reaction of MN with Fast Blue B after 
4 min and with Fast Red TR after 7 min of tempering of the reaction mixture. The 
maximum absorbance of the extract of the product of substance CS with diazonium 
salts was identical after 15 min. Thus, the rate-controlling process is not the forma- 
tion of the coloured product but hydrolysis of substance CS with malononitrile. 

Figures 4 and 5 depict the rate of the reactions of substance CS with the studied 
diazonium salts at  reaction mixture temperatures of 5 to 30°C. After 20min, con- 
stant absorbance values were read for the chloroform phase for t = 20, 25 and 
30°C after reaction with Fast Red TR and for t = 25 and 30°C for Fast Blue B. 
A 20-minute reaction time was selected for further studies of the determination 
conditions. 
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FIG. 6 
Dependence of the absorbance of the product 
of the reaction of 25.0 pmol I- '  of substance 
CS with 46.6 pmol I- '  of Fast Red TR (1) 
and with 50*0pmoll- '  Fast Blue B (2) on 
the temperature, tempered for 20 rnin 

0.8 

A 

0 4 

3 1 

0.8 
XL 

0 0.2 0 4  

Fro. I 
Dependence of the product of the reaction 
of malononitrile (1, 4) and of substance CS 
( 2 ,  3)  with Fast Blue B (1, 2 )  and Fast Red 
TR (3 ,  4) at a mole fraction of the reagent 
of A',, t =  25"C, tempered for 20min 
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In the determination of substance CS with Fast Blue B it is suitable to temper 
the reaction mixture at t = 25°C. Reaction with Fast Red TR is not greatly affected 
by the temperature above 20°C, Fig. 6 .  The blank absorbance values are constant 
for both reagents. 

It can be seen from the dependence of the absorbance of the chloroform extract 
on the mole fraction of the reagent xL (Fig. 7) that substances CS and MN react 
with Fast Red TR in a stoichiometric ratio of 1 : 1 and with Fast Blue B in a ratio 
of 2 : 1. 

Calibration curves were constructed by measuring the organic phase after previous 
20-minute tempering of the reaction mixture of substance CS with the studied diazo- 
nium salts at temperatures of 5 to 30°C. The parameters of the calibration straight 
lines are given in Table I. The determinations conform to the Lambert-Beer law 
and, even in the least favourable case, the correlation coefficient had a value of 
0.994. The best results were obtained in the determination of substance CS with 
Fast Red TR, for which a determination limit of 1.90 to 230ng of substance CS 
in 1 ml was calculated even at a reaction mixture temperature of 5 to 15°C. The 
dependence A = f(cMN) was measured for t = 20°C and tempering time of 20 min. 

TABLE I 
Parameters of the extraction spectrophotometric determination of substance CS with the diazi- 
nium salt Fast Red T R  (R) and Fast Blue B (B) for I = 5 to 30'C 

Parameter" 
- ' Reagent 

"C k & LD LQ 
I mol- '  9 1 mol- * cm- pg inl- ' pg ml- ' 

5 R  
B 

10 R 
B 

15  R 
B 

20 R 
B 

25 R 
R 

30 R 
B 

12000 0 
11 500 0.016 
16400 0.016 
13 100 0.013 
18 500 0 
14 700 0.015 
18 500 0.021 
15  300 0.013 
19000 0 
15 900 0,021 
19 000 0 
15700 0.012 

12 000 
1 1  400 
16 400 
13 000 
18 700 
14 700 
18 500 
15  300 
19 100 
15 800 
19 100 
15 700 

0.08 
0.45 
0.07 
0.40 
0.07 
0.35 
0.06 
0.42 
0.07 
0.44 
0.06 
0.27 

0.22 
0.84 
0.19 
0.48 
0.23 
0.49 
0.18 
0.57 
0.21 
0.45 
0.19 
0.45 

k and q are the parameters of the linear dependence of absorbance A on concentration ccs 
( A  = kc + 9) ,  E molar absorption coefficient at  i. = 370 nm (R) or  420 nm (B), L D  detection 
limit and LQ determination limit25. 
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The extraction spectrophotometric method with Fast Red TR for i, = 370 nm 
( E  = 20 000 1 mol-' cm-l) permits the determination of 80 ng, while the method 
employing Fast Blue B for i. = 420 nm ( E  = 18 500 1 mol-' cm-l)  permits the 
determination of 200 ng MN in 1 ml. 

The hydrolysis of substance CS in slightly alkaline medium leads to the formation 
of a reactive aldehyde and malononitrileZ6. On the basis of this fact, an ionic mecha- 
nism was proposed for the reaction of substance CS with Fast red TR (Eqs ( B ) ,  (C) ,  
(D)). The anion of malononitrile ( I )  and the diazonium salt ([I) react to produce 
the ion associate (111) as the reaction intermediate, which is converted by consequence 
coupling into the azo dye (W). The product formed exists predominantly in  the 
hydrazo-form ( V )  (ref."). 

CH, 

V /V 
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