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INTRODUCTION 
Brilliant green (I) belongs to the group of triphenylmethane dyes which 

earlier were determined chiefly by reductometric titrations (4,5), whereas 
oxidimetric titrations have been studied only recently (2,3,7). In the 
framework of the systematic study of redox reactions of dyes and dye 
industry intermediates, the present paper deals with the oxidation of bril- 
liant green by ceric sulfate. 

It has been found that this reaction can be described by Ey. (I) and can 
be utilized analyticaIly by determining spectrophotometrically or ascor- 
binometrically the reaction product, diphenoquinone-(4,4’)bis(di- 
ethylimine) (II). 

EXPERIMENTAL 
Rragerrts. The following reagents were used: ceric sulfate, 0.01 and 

0.001 M solutions in 0.25 M sulfuric acid: ferrous sulphate, 0.01 M solu- 
tion in 0.25 M sulfuric acid, whose titer was determined daily using a 

* Part Ii. An indirect Determination of Crystal Violet with Ceric Sulphate. Coil. Czech. 
Chem. Commun.. in press. 
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bichromate standard solution; ascorbic acid, 0.01 N solution (equiv. = 
molei2) in redistilled water, whose titer was determined daily using a 
bichromate standard solution (1); hydrazinium sulfate, 0.01 M solution in 
redistilled water: brilliant green, 0.025 M solution of the pure substance (A 
Company for Marketing Tar Dyes, Prague) in distilled water, whose titer 
was determined titanometrically (4). More dilute solutions were prepared 
by accurate dilution of this stock solution. 

N,N.N’,N’-tetraethylbenzidine, 0.005 M solution in 0.02 M hy- 
drochloric acid, was prepared by dissolving the accurately weighed amount 
of the pure substance (The Research Institute for Organic Syntheses, 
Pardubice-Rybitvi) in hydrochloric acid and diluting to 1 liter with distil- 
led water. A 0.00025 M solution was prepared by accurately diluting this 
stock solution with redistilled water. 

Thin-layer chromatographic experiments were carried out on commer- 
cial plates, “Silufol UV 254” (Kavalier, Votice). 

Appcrr-utus. Potentiometric titrations were performed with an Acidime- 
ter EK millivoltmeter (Druopta, Prague), with a bright platinum indicator 
and a saturated calomel reference electrodes. A lo-ml buret with 0.02-ml 
divisions was used, and its orifice was adjusted so that one drop corre- 
sponded to 0.02 ml. For titrations under an inert atmosphere, a specially 
modified 25ml buret was used, with 0. l-ml divisions. The solutions were 
stirred by an electromagnetic stirrer (Laboratorni pristroje, Prague). 

Spectrophotometric measurements were carried out on a Specord UV 
VIS instrument (C.Zeiss, Jena) with 0.5- and l.O-cm quartz cuvettes. A 
Spekol instrument with a Ti titration adaptor (C.Zeiss, Jena) and a 30-ml 
cuvette were employed for spectrophotometric titrations with an Agla 
microburet (Burroughs Wellcome & Co., London) with a total volume of 
0.5 ml and with 0.0002-ml divisions. The infrared spectra were measured 
on an UR 20 instrument (C.Zeiss, Jena) in a O.l-mm cuvette. 

PROCEDURES AND RESULTS 
Study of the Reaction Stoichiornetr> 

As commercial brilliant green preparations contain oxidizable im- 
purities, it was impossible to determine the reaction stoichiometry from 
the measured number of electrons exchanged. Therefore, the validity of 
Eq. (1) was verified by detecting and identifying the oxidation products 
and determining the diphenoquinone-(4,4’)-bis(diethylimine) formed. 

Spectrophotometric Vrrificrrtion of the Formation of Diphenoquinone- 
(4,4’)-his(diethylin~irze) 
To 10 ml of 0.01 M ceric sulfate in 0.25 M sulfuric acid, 5 ml of 0.0025 M 

brilliant green solution were added, the excess of the reagent was re- 
moved after 2 min by potentiometric titration with 0.01 M ferrous sulfate, 
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and the solution was diluted to 500 ml with distilled water. The absorption 
spectrum of this solution contained a sharp absorption peak at 469 nm, 
whose position and intensity were identical with those of the absorption 
maximum of the product of the oxidation of N,N,N’,N’-tetra- 
ethylbenzidine measured analogously. 

Verification of the Formation of Diphenoquinone-(4,4’)-bis(diethylimine) 
by Thin-Layer Chromatography and Infrared Spectroscopy 
The well-known fact that this substance is reduced to N,N,N’,N’- 

tetraethylbenzidine by strong reductants (e.g., ascorbic acid) was utilized. 
In the first case, the following procedure was employed: To 10 ml of 0.01 
M ceric sulfate in 0.25 M sulfuric acid, 5 ml of 0.0025 M brilliant green 
were added, and after 2 min 15 ml of a 0.01 N solution of ascorbic acid 
were added. The pH was then adjusted to 7 with 0.1 M sodium hydroxide 
(universal indicator paper), and the solution was extracted with two IO-ml 
portions of benzene. The combined extracts were evaporated to dryness 
in vacua, the residue was dissolved in 0.5 ml of acetone, and an approxi- 
mately 0.5-~1 aliquot was placed at the start of chromatogram, together 
with a standard solution prepared by dissolving 10 mg of N, N, N’, N’- 
tetraethylbenzidine in 10 ml of acetone. The chromatographic procedure 
was performed in an ascending arrangement in a closed glass bottle, 
whose atmosphere was saturated by the vapors of the elution system from 
a strip of filter paper. A 4: 1 mixture of benzene and ethanol was used as 
the elution system, and the spots were detected by spraying with 0.0025 N 
ceric sulfate. It was found that pure N,N,N’,N’-tetraethylbenzidine and 
the substance obtained by ascorbinometric reduction of the products of 
oxidation of brilliant green with ceric sulfate yield spots with identical 
positions. 

In the second case, 100 ml of a 0.0025 M brilliant green solution were 
added to 200 ml of 0.01 M ceric sulfate; 0.5 g of zinc powder was added 
after 30 min. The solution was stirred during the reduction, and the zinc 
was filtered off after solution discoloration. The pH was then adjusted to 8 
with 0.1 M sodium hydroxide (universal indicator paper), and the solution 
was extracted with four 50-ml portions of benzene. The combined ex- 
tracts were evaporated to dryness in vacua, the residue was recrystallized 
from ethanol, and the ir spectrum of its saturated solution in tet- 
rachloromethane was measured from 800 to 1700 cm-‘. It was found that 
the spectrum obtained is identical with that of N,N,N’,N’-tetra- 
ethylbenzidine. 

Verification of the Formation of Benzoic Acid Using ir Spectroscopy 
The benzoic acid formed was isolated from the reaction mixture by 

extraction with ether, the ether was evaporated, and the residue was 
identified using the ir spectrum as follows: To 100 ml of a 0.0025 M 
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brilliant green solution, 200 ml of 0.01 M ceric sulfate were added, and the 
solution was allowed to stand 30 min. Then 0.5 g of zinc powder was 
added, and the solution was stirred until it became colorless. The zinc was 
filtered off through an S3 frit, the pH was adjusted to 8 with 1 A4 sodium 
hydroxide (universal indicator paper), the precipitate formed was filtered 
off using an S4 frit, and the pH of the filtrate was adjusted to 7 with 1 M 
sulfuric acid. The solution was then extracted by four 25-ml portions of 
ether, and the combined extracts were evaporated to dryness in VCICUO. 
The residue was dissolved in tetrachloromethane, and its ir spectrum was 
obtained from 800 to 1700 cm-‘; it was identical with the spectrum of pure 
benzoic acid. 

Spectrophotometric Determination of the Diphenoquinone-(4,4’)- 
biscdiethylimine) Formed 
The time required for completion of the reaction and the stability of the 

coloration formed in time had to be found first. To 10 ml of 0.001 M ceric 
sulfate in 0.25 M sulfuric acid, 5.00 ml of 0.00025 M dye solution were 
added, the mixture was diluted to 50 ml with water, and the absorbance of 
this solution was measured at certain time intervals at 469 nm in a 0.5-cm 
cuvette. The results are given in Table 1, from which it follows that the 
absorbance must be measured 2 min after the solution preparation. 

The amount of diphenoquinone-(4,4’)-bis(diethylimine) formed by the 
oxidation of brilliant green was determined as follows: In a lOO-ml vol- 
umetric flask, 5.00 ml of a solution containing 3.54x lo-” to 28.40x lo-” 
mol of brilliant green, 10 ml of 0.001 M ceric sulfate in 0.25 M sulfuric acid 
were measured, and the mixture was diluted with distilled water to the 
mark. The absorbance of the solution was measured after 2 min in 0.5-cm 
cuvettes at 469 nm. The blank determination was carried out simultane- 
ously, with the diphenoquinone-(4,4’)-bis(diethylimine) formed reduced 
by adding 20 ml of 0.001 N ascorbic acid, subtracting the blank value from 
the determined value. The amount of the diphenoquinone-(4,4’)- 
bis(diethylimine) formed was then found from a calibration curve ob- 
tained with pure N,N,N’,N’-tetraethylbenzidine oxidized by ceric ions; to 
10 ml of 0.001 M ceric sulfate, l-5 ml of 0.00025 M tetraethylbenzidine 
were added, the solution was diluted to 100 ml, and its absorbance was 
measured after 2 mins in a 0.5-cm cuvette at 469 nm. The results obtained 

TABLE 1 
THL TI,ME D~~a~orsct OF I-HF ARSORR~XCE OF THE SOLUIIOS FORMHI B’I 

THE OXIDATION OF BRILLIANT GREEN WITH CERICM SULFATE" 

t (min) 2 5 10 20 
A 1.18 1.17 1.16 1.15 

a Brilliant green concentration, I .42 x IO-” M: wavelength, 469 nm. 

30 
1.14 
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are given in Table 2, from which it follows that 1 mol of diphenoquinone- 
(4,4’)-bis(diethylimine) is formed from 1 mol of brilliant green. 

Analytical Use of the Reaction 
The presence of oxidizable impurities in brilliant green samples pre- 

vents determination based on back-titration of the unreacted oxidant. 
However, the results above have shown that the reaction can be utilized 
analytically, assuming that the amount of brilliant green can be deter- 
mined from the amount of the diphenoquinone-(4,4’)-bis(diethylimine) 
produced by the oxidation, which can be determined ascorbinometrically 
or spectrophotometrically. 

An Indirect Determination of Brilliant Green Based on Ascorbino-metric 
Titration of the Diphenoquinone-(4,4’)-bis-diethylimine Formed 
The diphenoquinone-(4,4’)-bis(diethylimine) produced by the oxidation 

of brilliant green can be quantitatively reduced to N,N,N’,N’- 
tetraethylbenzidine by ascorbic acid, according to Eq. (2). As the initial 
quinonediimine is intensely yellow, and the N,N,N’,N’-tetraethyl- 
benzidine is colorless, brilliant green can be indirectly determined in this 
way. Visual titration is impossible in practical samples, because of the 
presence of colored impurities, but spectrophotometric titration yielded 
good results. 

+NIC,HsIz +NH(C,H,)2 

$j + C,H,O, - 8 + Cd& (2) 

‘N(C,H,), +NH(C$IS)Z 

In establishing the optimum conditions for this determination, the time 
required for completion of the reaction was determined first, and then it 
was verified that the unreacted ceric sulfate can be quantitatively re- 
moved by adding excess hydrazinium sulfate which does not reduce the 
quinonediimine formed. The recommended procedure is as follows: 

To 10.00 ml of 0.01 or 0.001 M ceric sulfate in 0.25 M sulfuric acid are 
added 5.00 ml of a solution containing 0.5 to 5 or 0.05 to 0.5 mg of brilliant 
green. Titration with 0.1 or 0.01 N ascorbic acid is started after 2 min. The 
standard solution is added from an Agla microburet, and the absorbance is 
measured at 469 nm. The end point is found graphically from the titration 
curve. An amount of 1 ml of 0.1 or 0.01 N ascorbic acid corresponds to 
21.052 or 2.105 mg of the chloride of brilliant green, respectively. 
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TABLE 2 
THE DETERMIN~TI~N OF THE STOICHIOMETRV OF THE BRILLIANT GREED’ 

OXIDATION WITH CERIC SULFATE ON THE BASIS OF THE SPECTROPHOTOMETRIC 

DETERMINATION OF THE DIPHENOQUINONE-(4,4’)-BIS(DIETHYLIMINE) PRODUCED 

Taken 
(mol of brilliant green) 

Found 
(mol of diphenoquinone- 
(4.4’)bis(diethylimine)) 

3.54 x 10-j 3.24 x 10-s 

10.64 x lo-” 10.96 x lo-” 
17.74 x 10-s 18.09 x IO-” 
28.40 x lo-” 29.80 x IO-” 

The accuracy and reproducibility of this determination can be seen in 
Table 3. The titration curves are depicted in Fig. 1. 

An Indirect Determination of Brilliant Green Based on the Spec- 
trophotometric Determination of the Diphenoquinone-(4,4’)- 
bisfdiethylimine) Produced 

The exceptionally high molar absorption coefficient of the 
quinonediimine produced makes possible a sensitive spectrophotometric 
determination of brilliant green. As the reaction mixture after the oxida- 
tion of practical samples of brilliant green with ceric sulfate contained 
impurities absorbing at 469 nm, i.e., at the wavelength of the absorption 
maximum of the diphenoquinone-(4,4’)-bis(diethylimine) to be deter- 
mined, the following procedure had to be employed: 

To 5.00 ml of a solution containing 0.7 - 6.0 mg of brilliant green, 10 ml 
of 0.01 M ceric sulfate in 0.25 M sulfuric acid are added, the mixture is 
diluted with distilled water to 1 liter after 2 min, and its absorbance is 
measured at 469 nm in a OS-cm cuvette. The blank determination is 
carried out simultaneously: the diphenoquinone-(4,4’)-bis(diethylimine) 
produced is reduced after 2 min by adding 20 ml of 0.01 N ascorbic acid. 
The blank solution absorbance at 469 nm is subtracted from the value 

TABLE 3 
THE ACCURACY AZD REPRODUCIBILITY OF THE INDIRECT ASCORBINOMETRIC 

DETERMINATION OF BRIt.Ltr\h.r GREEN 

Taken (mg) Found (mg)” 
Standard 

deviation (mg) 

3.734 3.743 0.013 
0.0809 0.0829 1.3 x 10-z 

(1 The values found are averages of 10 determinations, from which the standard deviation 
was also calculated. 
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CONSUMPTION (mol /mol) 

FIG. 1. Spectrophotometric titration of diphenoquinone-(4,4’)-bis(diethylimine) with 
ascorbic acid. Curve 1,8.87 x 10m6 mol titrated with 0.1 N ascorbic acid; curve 2, 1.92 x IO-’ 
mol titrated with 0.01 N ascorbic acid. 

obtained in the determination, and the dye content is determined from a 
calibration curve obtained with a standard solution of brilliant green of 
pure N,N,N’,N’-tetraethylbenzidine. The accuracy and reproducibility of 
this determination follows from Table 4. 

DISCUSSION 

The study of the stoichiometry of the brilliant green oxidation with 
cerium sulfate has shown that the reaction obeys Eq. (1). The presence of 
oxidizable impurities in practical samples of brilliant green prevents the 
determination based on direct titration with ceric sulfate or on back- 
titration of its unreacted excess. On the other hand, new methods employ- 
ing the ascorbinometric or spectrophotometric determination of the 
diphenoquinone-(4,4’)-bis(diethylimine) produced yield very good results. 

TABLE 4 
THE ACCURACX AND REPRODUCIBILITY OF THE DETERMINATION OF BRILLIANT 

GREEN BASED ON THE MEASUREMENT OF THE ABSORBANCE OF THE 

DIPHENOQUINONE-(4,4')-BIS(DIETHYLIMINE) FORMED 

Taken (mg) Found (mg) 
Standard 

deviation (mg) 

0.747 0.726 0.04 
2.240 2.158 0.08 
3.734 3.842 0.10 
5.227 5.452 0.11 

D The values found are averages of seven determinations, from which the standard devia- 
tion was also calculated. 
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In a practical sample, the brilliant green contents obtained titanometri- 
tally and by the new method with the ascorbinometric and spec- 
trophotometric measurement amounted to 70.94, 71.10, and 72.35%, re- 
spectively. These results are very good, considering the high contents of 
impurities in brilliant green samples and the fact that the new methods 
determine amounts of the dye that are IO-fold lower than in the titanomet- 
ric determination. 

The newly developed methods can be recommended for practical de- 
terminations of brilliant green chiefly because of their rapidity, relative 
simplicity, and the fact that the complex apparatus required for titanomet- 
ric titrations under an inert atmosphere is not required. 

SUMMARY 
The stoichiometry of the reaction of brilliant green with ceric sulfate was studied. An 

indirect determination of brilliant green based on its oxidation with excess ceric sulfate and 
the ascorbinometric or spectrophotometric determination of the diphenoquinone-(4,4’)- 
bis(diethylimine) produced has been developed. 
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