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Introduction 

Carbimazole is ethyl 3-methyl-2-thioxo-4- 
imidazoline-l-carboxylate. It is an antithyroid 
substance commonly used in the treatment of 
hyperthyroidism. It reduces the uptake and 
concentration of inorganic iodine by the 
thyroid gland, but its main effect is to reduce 
the formation of dio-iodotyrosine and hence of 
thyroxine [1-3]. Methods for the determi- 
nation of carbimazole and the structurally 
related methimazole include titrimetry [4-8], 
chromatography [2], electrochemistry [9, 10] 
and spectrophotometry [11, 12]. The British 
Pharmacopoeia [12] described a spectro- 
photometric  method for the determination of 
carbimazole by dissolving the sample in water 
in a calibrated flask and measuring the absorb- 
ance of the resulting solution at ~kma x of 
291 rim. 

The present paper describes two kinetic 
methods for the determination of carbimazole 
by its oxidation in sulphuric acid media using 
potassium dichromate in one method and 
sodium molybdate in the other. 

Experimental 

Reagents and samples 
Stock solutions of 80 mg m1-1 potassium 

dichromate were prepared in 2.5 M sulphuric 
acid and stock solutions of 100 mg m1-1 sodium 
molybdate solution were prepared in 2 M 
sulphuric acid. Carbimazole reference stan- 
dard (1 mg m1-1) was prepared in water. 
Carbimazole test solution (1 mg m1-1) was 

prepared from Neo-Mercazole tablets 
(Nicholas Ltd, England) by taking an amount 
equivalent to 0.100 g of carbimazole dissolved 
in 30 ml chloroform, warming, stirring, filter- 
ing and washing with warm chloroform. The 
combination was evaporated to dryness and 
the residue was dissolved in 50 ml warm water. 
It was stirred, cooled and made up to 100 ml. 

Apparatus 
A Beckman model 35 spectrophotometer  

was used. 

Method 
Ten millilitres of the potassium dichromate 

stock solution or 25 ml of the molybdate stock 
solution were placed in a 50 ml calibrated 
flask; 5 to 25 ml of carbimazole solution was 
added and diluted to the mark with distilled 
water. The flask with its contents was swirled, 
the stop-watch turned on and the flask was 
immediately placed in a water bath thermo- 
statted at 90°C. At a fixed time of 25 min in 
case of dichromate and 12 min in case of 
molybdate,  the absorbance was measured 
directly (at h m a  x 585 nm in case of dichromate 
and at hma× 650 nm in case of molybdate) after 
cooling under a tap for 2 min, against a reagent 
blank treated similarly. The amount  of carb- 
imazole was calculated from the corresponding 
calibration equation. 

Results and Discussion 

Theory of  the kinetic method [13] 
In high excess of the oxidant concentration a 
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pseudo-reaction rate of the following form 
could be attained: rate = &A/At = k '  [carb- 
imazole]0; where &A is the change of absorb- 
ance of the oxidant at ~max over a preselected 
time interval. At this fixed constant time the 
above equation becomes: &A = k" [carb- 
imazole] n, where n is the order  of the reaction 
with respect to carbimazole. This was found to 
be 1 and k" is a rate constant at the preselected 
fixed time and equals k'At.  Therefore,  a plot of 
absorbance versus carbimazole initial concen- 
tration gives a straight line from which un- 
known concentrations can be calculated. 

Reaction mechanism and optimization 
This method is based on the oxidation of 

carbimazole with potassium dichromate or 
sodium molybdate,  both in sulphuric acid 
media, thus producing the green 
chromium(III) species absorbing at ~'max 
585 n m  and molybdenum blue absorbing at 
kmax 650 nm, respectively. The oxidation of 
carbimazole with potassium dichromate or 
sodium molybdate is suggested to proceed to 
the disulphide compound through the 
formation of methimazole [2, 3, 8] according to 
the following scheme: 

ICH 3 CH3 

N-N~ S hydrolysis/2H+ N SH 

COOC2H s 

+ HCOOC2H s 

CH3 CH3 CH3 
I 

NI SH dichromate ~ j N ~  S-- S ~Nj N~ 
2 C J ~ N  or molybdate +2H + 

In both cases the oxidation reaction of 
carbimazole was found to be taking place 
under specific conditions and only on heating. 
The reaction proceeds slowly to final products 
in several hours and the rate is found to 
increase with an increase in temperature and 
concentrations, of carbimazole, oxidant and 
sulphuric acid. The fixed time was chosen on 
the basis of correlation coefficients of the 
calibration graph, slope and intercept. Sixteen 
mg m1-1 dichromate in 0.5 M sulphuric acid 
and 50 mg m1-1 sodium molybdate in 1 M 
sulphuric acid were adequate concentrations 
for a moderate reaction rate at 90°C. The effect 
of an increase in carbimazole concentration on 
the reaction rate is positive as represented in 
Figs 1 and 2. The limiting range of carbimazole 
determination was between 40 and 300 p.g ml -] 
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Figure 1 
Absorbance-time graphs for the reaction between carb- 
imazole and potassium dichromate taking constant concen- 
trations of 0.5 M sulphuric acid and 16 mg m1-1 potassium 
dichromate at different concentrations of carbimazole 1, 
40; 2, 100; 3, 150; 4, 200; 5,250; 6, 300 ~g ml -]. 
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Figure 2 
Absorbance-time graphs for the reaction between carb- 
imazole and sodium molybdate taking constant concen- 
trations of 1 M sulphuric acid and 50 mg ml-~ sodium 
molybdate at different concentrations of carbimazole: 1, 
20; 2, 30; 3, 40; 4, 50; 5, 60; 6, 70; 7, 80 ixg m1-1. 

when dichromate was used and between 0 and 
80 ~g m1-1 when molybdate was used. The 
dependence of the reaction rate on carb- 
imazole concentration is illustrated in Figs 1 
and 2, which show an increase in rate as 
carbimazole concentration is increased. In the 
dichromate method,  the reaction slows after 
sampling to give a rate of change of absorbance 
of 0.0001 a.u. per 5 min (see Fig. 1). This is 
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sufficiently constant  to allow t ransferrence f rom 
water  bath,  mount ing  in the photocel l  and 
recording measurements  wi thout  fear of  
changes or  errors  in readings. It is therefore ,  
not  necessary to stop the react ion by any of  the 
c o m m o n  previous  techniques [14] as tempera-  
ture j ump  or  changing p H  or changing 
pressure,  etc. and hence  avoid errors  en- 
counte red  with those methods .  This allows 
easy application of  the fixed time me thod  for 
the de terminat ion  of  carbimazole.  

For  obta ining a calibration equat ion,  rates of  
the react ion were  measured  at different times 
versus initial carbimazole  concentra t ions ,  and 
all gave good  straight lines. A t  the fixed times 
of  25 and 12 rain bet ter  correla t ion coefficients 
were  ob ta ined  when d ichromate  and 
molybda te  were  used,  respectively,  with the 
following calibration equat ions  for calculating 
unknown  concent ra t ions  of  carbimazole:  A = 
-0 .002337  + 0.0002677 C and A = - 0 . 0 3 9 6 8  
+ 0.003482 C for the methods ,  respectively. C 
refers to carbimazole  concent ra t ion  in Ixg m1-1. 

A n a l y t i c a l  appra isa l  

The  results ob ta ined  by the two methods  and 
the B.P.  me thod  [12] for the de terminat ion  of  
carbimazole  in one  batch of  Neo-Mercazo le  
propr ie ta ry  drug are given in Table  1. F rom the 
results ob ta ined  by the three methods  and f rom 
the s tudent  t-test values it is clear that  there is 
no significant difference be tween  the p roposed  
methods  and the B.P.  method .  The  advantage  
o f  the two new methods  over  the B.P.  me thod  
is that  they are more  selective and specific. The  
results also reveal that  excipients in the dosage 
fo rm encounte red ,  did not  interfere with carb- 
imazole de terminat ion .  

Conclusion 

The molybda te  me thod  was found  to be 

more  sensitive than the d ichromate  and the 
B.P.  methods .  The  advantage  of  the di- 
ch romate  over  the two o ther  methods  was the 
fact that  it could be applied in a wider  and 
higher  concent ra t ion  range of  carbimazole  if 
required.  O u r  present  methods  suffer lower  
sampling f requency  c o m p a r e d  with the B.P.  
me thod .  
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