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An indirect determination of malachite green based on its oxidation with cerium(lV) sulphate 
and on the ascorbinometric or spectrophotometric determination of the formed diphenoquinone-
-(4,40-bis-dimethylimine has been developed. 

So far malachite green has been determined usually by reductometric titration1 ~ 3 , and a number 
of precipitation methods4 ~ 6 and a bromination method7 have been described, too. All the 
methods mentioned are relatively complex and little selective. Considerably simpler, nevertheless 
also little selective, is the method based on oxidation of malachite green with cerium(IV) sulphate8 

according to Eq. (/). 
In this method malachite green is first isolated in the form of the carbinol base, which is then 

dissolved in acid and determined by potentiometric titration with a standard cerium(IV) sulphate 
solution. The reprecipitation of the carbinol base serves for removing of oxalic acid which is 
usually contained in commercial samples, and besides that it secures that the dyestuff is present 
in the titrated solution in its hydrated form, which is necessary for quantitative course of the 
reaction8 '9 . The reprecipitation of the dyestuff, however, cannot remove number of the aromatic 
amines which also react with cerium(IV) sulphate and thus interfere with the cerimetric determi-
nation of malachite green. 

^ ( C H a ) ; 

H 2 0 + 4 Ce4+ — ( \ /)—COOH + + 4 Ce3+ + 2 H 

>N(CH3)2 (1) 
N(CH3) 
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In this work we tried to increase the selectivity of the determination by evaluating 
the amount of the formed oxidation product instead of that of the consumed oxida-
tion agent. Therefore, first we studied the oxidation of N,N,N',N'-tetramethylbenzi-
dine (which is accessible sufficiently pure) — the intermediate of the malachite 
green oxidation, and we developed a titration and a spectrophotometric method 
of determination of the formed diphenoquinone-(4,4')-bis-dimethylimine. Then the 
applicability of these newly developed methods was proved also for the indirect 
determination of malachite green based on its oxidation with cerium(IV) sulphate 
and on spectrophotometric or titration determination of the formed diphenoqui-
none(4,4')-bis-dimethylimine. 

E X P E R I M E N T A L 

Reagents and A p p a r a t u s 

0-01 N and 0-001 N cer ium(lV) sulphate solut ions in 0-25M sulphuric acid and 0 01 N f e r rous sulphate 
in 0-25M sulphuric acid were prepared in usual way. The fer rous su lphate solut ion was s tandardized 
with d ichromate every day, the same being applied fo r 0 01 N ascorbic acid s o l u t i o n 1 0 . 0 005M 
solution of N ,N ,N ' ,N ' - t e t r ame thy lbenz id ine in 0-02M hydrochlor ic acid was prepared by dissolu-
tion of the precisely weighed sample prepared according to U l l m a n n and Die t e r l e 1 1 . 0-00025m 
solution was prepared by dilut ion of the 0'005M solut ion with distilled water. 0025M malachi te 
green solut ion in 0-25M sulphuric acid was prepared by dissolving the weighed sample of the mala-
chite green carbinol base which was prepared by alkal izat ion of the solut ion of the dyestuff and 
purification of the precipitated p roduc t by crystal l ization f r o m e thanol and b e n z e n e 1 2 . T h e solu-
tion was s tandardized with t i tanium(II I ) ch lor ide 3 . The respective 0-0025M and 0-00025M solut ions 
were obta ined by di lut ion of the 0 025M solut ion with distilled water . 

The poten t iomet r ic t i t rat ions were carr ied out with a valve mill ivoltmeter Mul toscop V 
(Labora to rn i pr is t roje , Prague) using a glossy p la t inum indicat ion electrode and a sa tura ted 
calomel reference electrode. A 10 ml bure t te divided by 0-02 ml was used whose outlet was 
modified in such a way that one d r o p cor responded to 0-02 ml. The t i t rated solut ions were stirred 
with an e lect romagnet ic stirrer. The spec t rophotomet r ic measurements were carr ied out with 
a Un icam SP 800 appa ra tu s ( U n i c a m Ins t ruments , Ltd. , England) using 1 cm quar tz cells. The 
infrared spectra were measured with a U R 20 spec t ropho tomete r (Carl Zeiss, Jena) using 0-1 m m 
cells. Commercia l thin layers Silufol UV 254 (Kavalier , Votice) were used for the c h r o m a t o g r a p h y . 

P R O C E D U R E 

Oxidat ion of N ^ N ^ N ' - T e t r a m e t h y l b e n z i d i n e 

Time dependence of the exchanged electrons number. 5-00 ml O-OOSM-N.l^N'.N'- tetramethyl-
benzidine solut ion was added to 10 00 ml 0-01N cer ium(IV) sulphate solut ion, the solut ion was 
mixed and left to s tand at the r o o m tempera tu re . Af ter a t ime t the non-reac ted excess of the oxi-
dat ion reagent was determined by poten t iomet r ic t i t ra t ion with 0 01 N fe r rous sulphate . At the 
same time a b lank test was carried out , and the reading of the oxida t ion reagent (in equivalents 
per 1 mol of N ,N ,N ' ,N ' - t e t r ame thy lbenz id ine ) were ob ta ined f r o m the difference in the readings 
of ferrous sulphate in the blank test and tha t in the p roper de terminat ion . 
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Spectrophotometric evidence of the oxidation product. The obtained solution {t — 2 min) was 
transferred quantitatively to a 1 1 calibrated flask, filled to the mark with distilled water and its 
spectrum was measured in the region 325 — 700 nm. 

Proof of Oxidation Reversibility 

Thin layer chromatographical evidence of reversibility of the oxidation. 5 ml 0'005M-N,N,N /,N /-
-tetramethylbenzidine was added to 10 ml 0-01 N cerium(IV) sulphate, and after 2 minutes 15 ml 
0-01 M ascorbic acid was added thereto. Then pH of the solution was adjusted at the value 7 by 
addition of solid N a H C O j (checked by universal pH-paper test), and the solution was extracted 
by 3 X 10 ml benzene. Combined extracts were evaporated under reduced pressure, the evaporation 
residue was dissolved in 0-5 ml acetone, and about 0-5 ul solution was spotted on the chromato-
gram. At the same time the standard solution prepared by dissolving 10 mg of the original diamine 
in 10 ml acetone was spotted. The thin layer chromatogram was developed in the ascending arran-
gement with the mixture benzene-ethanol 4 : 1 , the atmosphere of the chromatographic box being 
saturated with the vapours of the eluent system. The spots were made visible by spraying with 
0-0025N cerium(IV) sulphate. 

Infrared evidence of the oxidation reversibility. 100 ml 0-005M NjN.N^N'-tetramethylbenzidine 
was added to 150 ml 0 01 N cerium(IV) sulphate, the solution was mixed, and after 2 minutes 
0-5 g ascorbic acid was added. Then p H of the solution was adjusted at the value 7 (checked by 
universal pH-test paper) by addition of solid N a H C 0 3 and the solution was extracted by 4x 25 ml 
benzene. The combined extracts were evaporated under reduced pressure, the evaporation residue 
was recrystallized f rom ethanol and dissolved in tetrachloromethane; IR spectrum of the solution 
was measured in the range 800 to 1 700 c m " 1 . 

Determination of the Oxidation Product 

Ascorbinometric determination after removal of excess cerium(IV) sulphate by potentiometric 
titration with ferrous sulphate. 5-00 ml 0 005M N,N,N',N'-tetramethylbenzidine was added to 
10-00 ml 0-01 N cerium(IV) sulphate, the solution was mixed, and after 2 minutes the excess of 
cerium(IV) sulphate was accurately reduced with 0-01 N ferrous sulphate with potentiometric 
indication. Then the present quinonediimine was titrated with 0 0 1 n ascorbic acid, the equivalence 
point being indicated by disappearance of the orange colour corresponding to the titrated dipheno-
quinone-(4,4')-bis-dimethylimine. 

Ascorbinometric determination after removal of excess cerium(lW) sulphate with excess hydrazine 
sulphate. 5-00 ml 0-005M N.HN^N'-tetramethylbenzidine was added to 10-00 ml 0 01N cerium(lV) 
sulphate, the solution was mixed, and after 2 minutes 5-00 ml 0-01m hydrazine sulphate was added 
thereto. After further 2 minutes diphenoquinone-(4,4 /)-bis-dimethylimine was determined by 
titration with ascorbic acid with visual indication. 

Spectrophotometric Determination 

The calibration curve was constructed in the following way: 1-00 to 5-00 ml 0-00025M N ,N,N 'N ' -
-tetramethylbenzidine was added to 10 00 ml 0-001n cerium(IV) sulphate, the solutions were made 
up to 50 ml each, and after 2 minutes their absorbances were measured at 462 nm. 

The proper determination was carried out in the following way: 5-00 ml solution containing 
25 . 10~ 8 to 125 . 1 0 " 8 mol N,N,N',N'-tetramethyIbenzidine was added to 10-00 ml 0-001N 
cerium(IV) sulphate, the solution was made up to 50 ml with distilled water, and after 2 minutes 
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its absorbance was measured at 462 nm. Concentration of the diphenoquinone-(4,4')-bis-di-
methylimine formed by oxidation was then read from the calibration curve constructed in the 
abovementioned way. 

Determination of Malachite Green 

The determination based on ascorbinometrie titration of the diphenoquinone-(AA')-bis-diinethy limi-
ne formed by oxidation. 10-00 ml Malachite green solution is added to 20-00 ml 0-01N cerium(IV) 
sulphate, the dyestuff content in the former being 12. 1 0 - 7 to 38 . 10" 7 mol; the solution obtained 
is mixed, and after 2 minutes 20-00 ml 0 01 M hydrazinium sulphate is added. After further 2 minu-
tes the present diphenoquinone-(4,4')-bis-dimethylimine is determined by visual titration with 
0-01 N ascorbic acid. 

The determination based on spectrophotometric determination of diphenoqia'none-(4,4')-bis-di-
methylimine amount formed by oxidation. 5-00 ml Malachite green solution containing 25 . 10" 8 

to 125 . 1 0 - 8 mol of the dyestuff is added to 10-00 ml 0-001N cerium(IV) sulphate, the solution 
is made up to 50 ml with distilled water, and after 2 minutes its absorbance is measured at 462 nm. 
The malachite green content is read from the calibration curve constructed with the use of pure 
N^N'.N'-tetramethylbenzidine (see the paragraph describing the spectrophotometric determi-
nation of diphenoquinone-(4,4')-bis-dimethylimine formed by oxidation of N,N,N',N'-tetra-
methylbenzidine with cerium(IV) sulphate). 

RESULTS AND DISCUSSION 

The t ime dependence of the n u m b e r of exchanged electrons is as it fo l lows: 

Time, min 2 5 10 20 30 60 
N u m b e r of exchanged electrons 2-00 2-02 2-02 2-04 2-06 2-10 

The given values represent m e a n values f r o m three m e a s u r e m e n t s whose results 
did not differ m o r e t h a n by +0*2%; it can be seen t h a t N , N , N ' , N ' - t e t r a m e t h y l b e n z i -
dine is immedia te ly oxidized by excess ce r ium(IV) su lphate , 2 electrons being ex-
changed , a n d subsequen t deeper ox ida t ion is only very slow. 

Spectrophotometric Evidence of the Oxidation Product 

T h e spec t rum measu red shows a s h a r p a b s o r p t i o n m a x i m u m at 462 n m , its pos i t ion 
a n d intensity being in acco rdance with the k n o w n 1 3 a b s o r p t i o n spec t rum of di-
phenoquinone- (4 ,4 ' ) -b i s -d imethyl imine . This fac t a long with the p r o v e d exchange 
of 2 e lectrons indica te tha t ox ida t ion of N , N , N ' , N ' - t e t r a m e t h y l b e n z i d i n e with 
cer ium(IV) su lpha te proceeds quant i ta t ive ly accord ing to Eq . (2). 

Evidence for the Oxidation Reversibility 

Posi t ion of the spots ob ta ined a f t e r deve lopment of the c h r o m a t o g r a m s is the same 
in the case of N , N , N ' , N ' - t e t r a m e t h y l b e n z i d i n e a n d in the case of the c o m p o u n d 
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N(CH3)2 WCU 3) 2 

+ 2 Ce4+ + 2 Ce3+ 

N(CH3)2 >N(CH3)2 

obtained after reduction of the oxidation product of N,N,N' ,N'- te tramethylbenzidine 
with ascorbic acid. Also the infrared spectra of the compound obtained by reduction 
of the oxidation product of N,N,N' ,N'- te t ramethylbenzidine and of N,N,N' ,N ' - te t ra -
methylbenzidine itself are identical. These facts indicate that ascorbic acid reduces the 
diphenoquinone-(4,4')-bis-dimethylimine formed by oxidation back to the original 
N,N,N' ,N'- tetramethylbenzidine. 

Determination of the Oxidation Product 

Ascorbinometric determination after removal of excess cerium(IV) sulphate 
by potentiometric titration with ferrous sulphate. In this context it had to be 
proved that the reduction of diphenoquinone-(4,4')-bis-dimethylimine with as-
corbic acid proceeds quantitatively. Therefore, the excess of cerium(IV) sulphate 
was removed with the accurately corresponding amount of ferrous sulphate with 
potentiometric indication, and the remaining quinonediimine was titrated with 0 01N 
ascorbic acid. In this experiment use was made of the fact that the titrated dipheno-
quinone-(4,4')-bis-dimethylimine has extraordinary intensive colour, so that the 
point of equivalence can reliably be indicated by disappearance of the orange colour 

->N(CH3)2 N(CH3)2 

+ CfiHsOfi 

->N(CH3)2 

+ CfiHfi06 + 2 W 

N(CH3)2 
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corresponding to the quinonediimine being titrated. The transition in the point 
of equivalence is very sharp and the found readings of ascorbic acid do not differ 
by more than ±0-2% from the theoretical ones. This fact confirms that dipheno-
quinone-(4,4')-bis-dimethylimine is reduced with ascorbic acid quantitatively ac-
cording to Eq. (3). 

Ascorbinometric determination after removal of excess cerium(YV) sulphate 
with excess hydrazine sulphate. In order to avoid the potentiometric titration of ex-
cess cerium(lV) sulphate with ferrous sulphate, such a reagent was looked for which 
would remove excess cerium(IV) sulphate without reducing markedly the present 
diphenoquinone-(4,4')-bis-dimethylimine. Out of a large number of the investigated 
reagents hydrazine sulphate met these requirements best. It was found, that its 
use can remove the excess cerium(IV) sulphate within less than 2 minutes, the amount 
of the present quinonediimine being not markedly decreased by reduction with hydra-
zine sulphate even after 10 minutes. 

Table I gives the accuracy and reproducibility of the determinations carried out 
according to the procedure given in Experimental. The values found (Tables I —III) 
represent mean values from 10 determinations each, the standard deviation being 
calculated according to the relation 

where A { and n stand for the deviation of the i-th determination from the mean and 
number of the determinations, respectively. 

Spectrophotometric Determination 

The fact that diphenoquinone-(4,4')-bis-dimethylimine formed on oxidation has 
an extremely high value of molar absorption coefficient can be used for its spectro-

Accuracy and Reproducibility of Indirect Titration Determination of N^N^N ' -Te t r ame thy l -
benzidine 

s = [ M / ( « - i ) ] " 2 • 

TABLE I 

N ^ r ^ N ' - T e t r a m e t h y l -
benzidine, mg Relative error, % 

given found 

Standard deviation 
mg 

3-004 
6-008 
9-012 

2-994 
5-978 
8-990 

- 0 - 3 3 
- 0 - 5 0 
- 0 - 2 5 

0-005 
0-008 
0-010 
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photometr ic determination. Excess of oxidation reagent need not be removed, 
as the molar absorption coefficient value of cerium(lV) sulphate at 462 nm is negli-
gible as compared with that of the quinonediimine being determined ( / m a x = 462 nm). 
It was f o u n d 1 4 that intensity of the colour is constant within 2 to 20 minutes after 
preparat ion of the solution, provided the procedure described in Experimental is 
observed. The calibration line constructed according to the given procedure is linear 
in the concentration range 0 to 20 . 10"6M N,N,N' ,N'- tetramethylbenzidine, and 
the molar absorptivity value obtained f rom its slope is 7-24 . 104 m o l - 1 1 c m - 1 . 
It was proved that N,N,N' ,N'- te t ramethylbenzidine can be determined down to the 
concentrations of 2 . 1 0 - 6 to 2 . 10"5M with relative error less than ± 2 % . 

Determination of Malachite Green 

The abovegiven methods for determination of diphenoquinone-(4,4')bis-dimethyl-
imine were used for indirect determination of malachite green based on its oxidation 
with cerium(lV) sulphate and ascorbinometric or spectrophotometric determination 
of the diphenoquinone-(4,4')-bis-dimethylimine formed by the oxidation. 

T A B L E I I 

Accuracy and Reproducibility of Indirect Titration Determination of Malachite Green 

Malachite Green, mg 
( C 1 ) Relative error, % 

given found 

Standard deviation 
mg 

4-2834 4-2241 - 1 - 3 8 0-009 
8-5667 8-4467 - 1 - 4 0 0-014 

T A B L E I I I 

\ccuracy and Reproducibility of Indirect Spectrophotometric Determination of Malachite Green 

Malachite Green, mg 
( C P ) 

given found 

-x Standard deviation 
) Relative error, % mg 

0-0858 0-0817 - 4 - 7 8 0-0014 
0-1715 0-1631 —4-90 0-0028 
0-2569 0-2449 - 4 * 6 7 0-0040 
0-3427 0-3255 - 5 - 2 8 0-0056 
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Determination based on ascorbinometric titration of diphenoquinone-(4,4')-bis-
-dimethylimine formed by oxidation. The recommended procedure of this de-
termination was suggested on the basis of measurements of the time dependence 
of the quinonediimine amount found by ascorbinometry, f rom which it followed 
that it is sufficient to use excess of the reagent for 2 minutes. Accuracy and reproduc-
ibility of malachite green determination in a commercial sample (Malachite Green B, 
Chemapol, Prague) carried out according to the abovementioned procedure is given 
in Table II. 

Determination based on the spectrophotometrically found amount of the di-
phenoquinone-(4,4')-bis-dimethylimine formed by oxidation. The recommended 
procedure for the determination was suggested on the basis of measurements of the 
time dependence of absorbance, wherefrom it followed that the absorbance can be 
measured as early as 2 minutes after preparat ion of the solution. Practical results 
of the analysis are given in Table III. 

CONCLUSION 

The investigations carried out proved that N,N,N' ,N'- te t ramethylbenzidine is 
oxidized by cerium(IV) sulphate with exchange of 2 electrons to give diphenoquinone-
-(4,4')-bis-dimethylimine which can be quantitatively reduced by ascorbic acid back 
to the original N,N,N' ,N'- tetramethylbenzidine. Fur ther it was proved that oxida-
tion of N,N,N' ,N'- te t ramethylbenzidine can be used for determination of this sub-
stance on the basis of ascorbinometric or spectrophotometric determination of the 
quinonediimine formed. The submitted new methods of determination of dipheno-
quinone-(4,4')-bis-dimethylimine were then used for indirect determination of mala-
chite green based on its oxidation by excess cerium(lV) sulphate and spectrophoto-
metric or ascorbinometric determination of the formed diphenoquinone-(4,4')-bis-
-dimethylimine. 

Compared with the reductometric methods used so far the new titration method 
is simpler, not requiring the work under inert atmosphere, and substantially more 
sensitive, too. Compared with the direct ti tration with cerium(IV) sulphate the new 
method is more selective. The direct ti tration is complicated by the fact that all the 
substances reacting with cerium(IV) sulphate interfere therewith, whereas only 
coloured substances or those reacting with ascorbic acid interfere with the new 
method. The new method with the spectrophotometric variant is also considerably 
more selective and, in addition to it, substantially more sensitive than all the methods 
used so far. It can be anticipated that triphenylmethane dyestuffs having structures 
analogous to that of malachite green will be determinable in analogous way. 
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