
564 Journal of Pharmaceut~cal Sciences 

that the rates of dealdolization can be studied by 
this method. However, in conjunction with imide 
analysis (1 )  for choosing the necessary amount of 
sample to be assayed, the method is applicable in 
those cases where the stoichiometry Of Schemes 1 

(1959). 
(2) Takeshita M. Takahashi H. and Okuda, T. ,  

and I1 holds. 
The procedures stated can be applied only in the Chem. Pharm. B d l .  Tokyo, 10,304( i~az) :  

absence of imide hydrolysis. The method depends J ,  12, ~ ~ ~ ~ ~ ~ ~ ~ , , E , l ~ i b , : P , n s ; " 9 ' , . R '  G., and Parke, T. v., 
on titration of excess base by HClO,, and any acidic (4) Lawes. B. c.. ibid. ,  84,239(1962). 
function produced would decrease the titratable free A n ~ ~ ) c $ ~ ~ ;  ~ i , ? j ~ $ ~ ~ g ~ ~  s. s., and Bradford, E. c. 
hydroxylamine. However, the amount of hy- (6) Mark H. B. Papa L. J., Reilley, C. N., Advan. 
drolyzed imide can be compensated by prior poten- " . ~ ~ ~ ~ ~ b ~ ~ l . ~ Z : a r 5 ~ : ~ ~ ~ ~ , , ,  36 453B(1964), 
tiometric titration of the sample to be analyzed by (8) Rao, K. b., ani  Cullen, W.'P., 'J.  A m .  Chem. SOC., 
methods given previously (9) and equivalent DMAE 82* ( ? ~ ~ ~ ~ ~ ~ ~ ;  E. R,, and Notaris R. E., J .  Phorm. sci,, 
added. Under these conditions the amount of 54, zog(i965). 

imide (1) plus the difference between the carboxylic . d ~ ~ i s ~ ~ ~ ! d ~ ~ t , s ~ i ~ ~ ~ ~ ~ ~ ~ m ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ y ~ k ~ ~ , a ~ , ~  
acid content and the liberated ammonia determined 1956, p. 1060. 

by potentiometry (9) would have to be used to 
determine the amount of mixture to be analyzed. 
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Schiff Base Formation in the Development of a 
Spectrophotometric Assay for Sulfonamides 

By JOHN L. COLAIZZI*, JOHN W. BOENIGKt, ALFRED N. MARTIN, 
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The reaction between aromatic amines and aromatic aldehydes was investigated as 
the basis of a spectrophotometric assay for sulfonamides. Those properties of the 
equilibrium reaction which affect the absorptimetric properties of the system were 
studied to evaluate the method. The effects of pH, ionic strength, concentration of 
aldehyde, solvent system, and temperature were determined. The method was 
applied to the determination of sulfanilamide, sulfadimethoxine, and succinylsulfa- 
thiazole, and comparative analyses were erformed with the method of Bratton and 
Marshall. The low absorbance methoaof precision spectrophotometry was em- 

ployed in the determination of microgram quantities of sulfanilamide. 

HE OBJECTIVE of this investigation was to 
Tevaluate a spectrophotometric method of 
analysis for sulfonamides based on the formation 
of chromophoric Schiff bases (N-alkyl aldimines) . 
The reaction between various aldehydes and 
sulfonamides has been reported previously by 
Butler and Tngle (1) and Castle (a), who pre- 
pared crystalline Schiff base derivatives of sulfon- 
arnides and utilized the crystalline properties of 
these derivatives as a means of qualitative 
identification. An assay procedure based on this 
method also has been reported for p-amino- 
salicylic acid and isoniazid (3). 

In the equilibrium reaction, which occurs in 
the Schiff base formation (Fig. l), a earbinol- 
amine intermediate is formed upon the reaction 
of amine and aldehyde. A second equilibrium 
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reaction subsequently takes place in which the 
carbinolamine intermediate forms the Schiff base 
and water. These reactions are known to be 
dependent upon the hydronium ion concentra- 
tion, and the effects of pH on the equilibrium and 
kinetic properties of Schiff base formation have 
been studied (4). 

In this study the effects of temperature, pH, 
ionic strength, solvent, and concentration of 
reactants on the spectral properties of Schiff 
bases were determined to ascertain which factors 
required careful control. The method was 
applied to the analysis of several sulfonamides, 
and the precision, accuracy, and sensitivity were 
evaluated. A comparative study of this method 
was made with the method of Bratton and 
Marshall (5). 

EXPERIMENTAL AND RESULTS 

Reagents.-Vanillin U.S.P.' and salicylaldehydez 
were employed as the chromogenic reagents. 

1 Fisher Scientific Co.,  Pittsburgh, Pa. 
9Eastman Organic Chemicals, Rochester N. Y 
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sulfonamides were dried according to  the official 
procedures before they were used. 

Spectral Characteristics.-Schiff base compounds 
of sulfanilamide were prepared using vanillin, 
salicylaldehyde, benzaldehyde, and p-nitrobenzalde- 
hyde as chromogenic reagents. Solutions of these 
Schiff bases were 0.02 M in aldehyde, 0.1 M in HCI, 
and contained 5 mcg. of sulfanilamide per milliliter 
of solution. Spectral absorbance curves then were 
determined, and the curves obtained with vanillin 
and salicylaldehyde are shown in Fig. 2. The 
Schiff bases of benzaldehyde and p-nitrobenzalde- 
hyde did not absorb significantly a t  these concentra- 
tions. Since vanillin gave the most intense absorb- 
ance, it was used as the chromogenic reagent in 
all subsequent determinations. The wavelength of 
maximum absorbance occurred at 390 mp, and all 
other absorptimetric measurements of the vanillin- 
sulfonamide systems were made a t  this wavelength. 
Neither free vanillin nor the free sulfonamides absorb 
significantly at this wavelength. 

Effect of Temperature.-For the study of the 
effect of temperature, a solution was prepared as 
follows. Ten milliliters of sulfanilamide solution 
(1 mg./ml.) in 5 N HzS04 was taken, and sufficient 
distilled water was added to make 50 ml. of solution. 
The absorbance values then were determined at 
various temperatures. A plot of temperature versus 
absorbance is shown in Fig. 3. 

Since this portion of the study showed that ab- 
sorbance readings varied with temperature, it was 
necessary to establish some means of temperature 
control for the spectrophotometric method in this 
study. In previous work where temperature af- 
fected absorbance values (6). it  had been reported 
that for solutions prepared a t  room temperature, a 
constant temperature was obtained within several 
minutes after the absorption cells were placed in 
the cell holder of the spectrophotometer. The 
criterion for constant temperature was the at- 
tainment of a constant absorbance reading for a 
specified period of time. In this study, such constant 
absorbance readings were obtained with the Beck- 
man model B spectrophotometer within 5 min. for 
solutions prepared a t  room temperature. 

Stability of Absorbance System.-The absorpti- 
metric system attained a constant absorbance value 
immediately upon admixture of the reagents, and 
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Fig. 1.-The for- 
mation of a Schiff 
base from vanillin 
and sulfanilamide. 

Fig. 2.-Spectral-absorbance curves for Schiff 
bases of sulfanilamide. Key: -- , vanillin Schiff 
base, - - -, salicylaldehyde Schiff base. 

Sulfanilamide N.F.3 was used to study the absorp- 
timetric properties of the reaction; it was employed 
also as the sample drug in the sulfanilamide assays. 
Tablets used for analysis were sulfadimetho~ine~ 
and succinylsulfathiazole.6 Each product was 
labeled as containing 0.5 Gm. of sulfonamide per 
tablet. For the preparation of standard curves, 
U.S.P. sulfanilamide reference standardE was used; 
for sulfadimethoxine and succinylsulfathiazole, 
powdered samples obtained from the manufacturers 
were employed. 

Determination of Absorbance Values.-The in- 
strument used throughout this study was the 
Beckman model B spectrophotometer equipped with 
a Raytheon voltage stabilizer. All solutions were 
determined against a reagent blank in Pyrex I-cm. 
rectangular cells. The optical cells containing the 
absorptimetric solutions were permitted to remain 
in the instrument for at least 10 min. prior to making 
readings to  insure an equilibrium temperature. 
The relative concentrations of aldehyde and 
sulfonamide employed in the preparation of the 
solutions differed, depending on the absorbance 
intensity desired. The aldehyde reagent was pre- 
pared as alcoholic or hydroalcoholic solutions, and 
the sulfonamides were dissolved in aqueous solutions 
of HCl or HtSO, with the aid of gentle heat. All 

8 Mallinckrodt Chemical Works, New York, N. Y. 
6 Sulfasuxidine. Merck. Sharp and Dohme, Philadelphia. 

6 U.S.P. Reference Standards, New York. N. Y. 

Madribon. Hoffmann-LaRoche. Inc., Nutley, N .  J. 

Pa. 
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Fig. 3.-Effect of temperature on absorbance. 
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were added to  each solution. A plot of salt con- 
centration versus absorbance appears in Fig. 5. 

Effect of pH.-Since low pH values were to be 
investigated, an HC1 buffer system was used in the 
study of the effect of pH. Potassium chloride was 
used in conjunction with the acid to  provide a 
constant ionic strength of 1.0. The Beckman model 
H-2 line operated pH meter was used to determine 
the pH values of the solutions. The buffers used 
in the standardization of the pH meter were the 
HC1-KCl buffer solutions described in the U.S.P. 
Buffer solutions of pH 1.1 and 1.8 were used. 
The pH meter was standardized with the buffer of 
pH closest to the pH of the solution being measured. 
Before determining the pH of the solution, the stand- 
ardization of the pH meter was checked against 
the other standard buffer solution. The absorpti- 
metric solutions were prepared by dissolving exactly 
50 mg. of sulfanilamide and 50 mg. of vanillin in 
the various buffers, and the resulting solutions were 
quantitatively transferred to a 50-ml. volumetric 
flask. The appropriate buffer then was added to  
volume. The absorbance and pH of each solution 
was determined, and a plot of absorbance as a func- 
tion of pH was prepared, as shown in Fig. 6. 

Determination of Sulfanilamide in Low Concen- 
trations.-Sulfanilamide N.F. was determined in 
micrograms per milliliter concentrations using both 
the ordinary method and the low absorbance method 
of precision spectrophotometry (7, 8). In preparing 
the standard solutions to be used for determining 

Per Can1 Methanol (by Vohme) 

Pig. 4.-Absorbance as a function of methanol con- 
centration. 
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Fig. 5.-Effect of potassium chloride concentration 
on absorbance. 

the absorbance remained constant over a period of 
24 hr. for a given temperature. 

Effect of Concentration of Aldehyde.-The pro- 
nounced equilibrium nature of the reaction dictates 
that if the concentration of aldehyde is increased 
while the concentration of sulfonamide is held con- 
stant, the Concentration of Schiff base will increase. 
Even after a relatively high molar ratio of vanillin 
to sulfonamide (25: 1) was present, the absorbance 
still increased linearly as a function of increasing 
vanillin concentration, all other conditions remaining 
constant. This behavior is indicative of the low 
equilibrium constants characteristic of Schiff base 
formation (4). 

Effect of Solvent System.-It was observed that 
the absorbance values were dependent to a marked 
degree on the proportion of aqueous-nonaqueous 
solvent present in the system. For a system which 
consisted of 10 mg. of vanillin per milliliter and 0.01 
mg. of sulfanilamide per milliIiter, the absorbance 
varied with the methanol concentration, as shown in 
Fig. 4. The system was approximately 1 N in 

Effect of Increased Ionic Strength.-Solutions 
were prepared which consisted of sulfanilamide, 0.5 
mg./ml., and vanillin, 1 mg./ml. Thesolvent system 
was 0.1 N HC1. Increasing quantities of KCP 
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Fig. 6.-Absorbance as a function of pH at  constant 
ionic strength. 
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Fig. 7.-Calibration curve for the determination 
of sulfanilamide in low concentration using the 
ordinary method of spectrophotometry. 
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sulfanilamide. The calibration curves for the 
ordinary method and the precision method appear 
in Figs. 7 and 8, respectively. Figure 8 shows that 
the low absorbance method of precision spectro- 
photometry provides results in which the relation- 
ship between absorbance and concentration is not 
linear (8). However, this method does provide an 
expanded absorbance scale, and low absorbance 
readings thus are avoided. Dilutions of the N.F. 
sample of sulfanilamide were prepared in the same 
manner as the reference standard solutions. Two 
different concentrations were determined, and the 
concentrations were obtained from the calibration 
curves. Sample A in each determination represented 
1 mcg. of sulfanilamide per milliliter, and sample 
B represented 3.5 mcg./ml. The concentrations of 
sulfanilamide for each determination are given in 
Table I. The precision data for both methods 
appear in Table 11. 

Comparisons of the Schifi Base Method with the 
Method of Bratton and Marshall.-The method 
of analysis for sulfonamides by the method of 
Schiff base formation was carried out for various 
sulfonamides, and comparative analyses were 
performed using the colorimetric procedure of Brat- 
ton and Marshall. Assays were performed on 
sulfanilamide, sulfadimethoxine tablets, and suc- 
cinylsulfathiazole tablets. In the determination by 
the Schiff base formation method, sufficiently high 
concentrations of sdfonamide were employed so 
that an alcoholic solvent system was not required. 
In the preparation of the standard curve for sulfanil- 
amide, 250 mg. of U.S.P. sulfanilamide reference 
standard was dissolved in 0.1 N HC1 and quantita- 
tively transferred to a 100-ml. volumetric flask. 
HCl (0.1 N )  was added to  volume. Volumes of 
this solution ranging from 1 to 6 ml. were placed into 
25-ml. volumetric flasks, and 1 ml. of 2.5% vanillin 
in methanol was added. The solutions were brought 
to  volume with 0.1 N HC1. The absorbance values 
were determined, and a calibration curve was pre- 
pared. The absorptimetric solutions of the sulfanil- 
amide sample were prepared in the same way, and 
the values for the per cent of sulfanilamide in the 
samples were determined from the concentration 
values obtained from the calibration curve. 

Similar procedures were followed for the deter- 
minations of the tablets of the other sulfonamides. 
With succinylsulfathiazole, saponification with 

Concentrotion of Sulfanilamide (mcp Iml.1 

Fig. 8.-Calibration curve for the determination 
of sulfanilamide in low concentration using the low 
absorbance method of precision spectrophotometry. 

TABLE  DETERMINATION OF Low 
CONCENTRATIONS OF SULFANILAMIDE 

J Concn., mcg./ml. 
Deter- -Sample A- ---Sample B-- 

mination Ordinary Precision Ordinary Precision 
No. Method Method Method Method 
1 1.04 1.00 3.42 3.44 
2 1.06 1.00 3.47 3.48 
3 1.02 1.00 3.47 3.48 
4 1.04 1.00 3.52 3.49 
5 1.00 0.98 3.45 3.45 

TABLE II.--PRECISION OBTAINED IN THE DETER- 
MINATIONS OF SULFANILAMIDE N.F. AT Low 

CONCENTRATIONS 

-Sample A- --Sample &7 
Ordinary Precision Ordinary Precision 
Method Method Method Method 

Mean,mcg./ 1.03 1.00 3.47 3.47 

Variance 0.0005 0.0001 0.0014 0.0005 
S.D. 0.0224 0.0100 0.0374 0.0224 
Re1ativeS.D. 2.17% 1.00% 1.08% 0.65% 

ml. 

the calibration curves, the following reagents were 
used: ( a )  acidic e t h a n o l 4 5  ml. of HC1 was added 
to sufficient U.S.P. alcohol to give a total volume of 
1000 ml.; ( b )  vanillin reagent solution-3% 
vanillin in acidic ethanol; (c) U.S.P. sulfanilamide 
reference standard solution-1 Gm. of U.S.P. 
sulfanilamide reference standard per liter in acidic 
ethanol. 

Suitable dilutions of the sulfanilamide reference 
standard solution were made so that 1 ml., when 
added to  9 ml. of vanillin reagent solution, supplied 
the desired concentration of sulfanilamide for the 
various standard solutions. Absorbance values for 
the preparation of standard curves were determitied 
by the ordinary method and by the low absorbance 
method of precision spectrophotometry (7, 8). In 
this precision method, the 100% transmittance is 
set, as usual, with a reagent blank. The 0% trans- 
mittance, however, is set by use of a solution of 
the substance being measured, with a concentration 
that is somewhat greater than that of the most 
concentrated solution to  be measured (8). There- 
fore, for obtaining the absorbance values by the 
precision method, the 0% transmittance was set 
using a reference solution which was 6 mcg./ml. in 

TABLE III.-DETERMINATION OF SULFANILAMIDE 
SULFADIMETHOXINE TABLETS, AND SUCCINYLSULFA- 

BASE FORMATION AND THE METHOD OF BRATTON 
AND MARSHALL 

TIIIAZOLE TABLETS BY THE METHOD OF SCHIFF 

Schiff Base Bratton-Marshall 
-Method- ---Method- 

Mean Rela- Mean Rela- 
% of tive % of tive 

Labeled S.D. Labeled S.D., 
Amt. % ’  Amt. % 

Sulfanilamide N.F. 
(Mallinckrodt) 99.56 0.85 99.75 1.00 

Sulfadimethoxine 
tablets (Roche) 97.44 1.50 99.14 0.77 

Succin ylsulfathiazole 
tablets U.S.P. 
(Merck. Sharp and 
Dohme) 99.76 0.41 99.40 0.33 



568 Journal of Pharmaceutical Sciences 

can be achieved at pH values below 1.5. Moreover, 
the method is less sensitive to  small variations in 
pH in this range. 

A favorable characteristic of the system is that 
the absorbance of the Schiff base is stable and does 
not fade over a 24-hr. period. This is an advantage 
over the colorimetric method of Bratton and 
Marshall. In the latter method, absorbance readings 
must be made within 15 min. after color develop- 
ment, due to  precipitation of the azo dyes formed 
in the method (9). 

In determinations of low concentrations of 
sulfanilamide, it was found that the method was 
sensitive t o  sulfanilamide concentrations of ap- 
proximately 0.5 mcg./ml. (3 X M )  when suit- 
able solvent system and aldehyde concentration 
were employed. In low absorbance determinations, 
the precision method of spectrophotometry provided 
a means of avoiding low absorbance values; but 
even with the ordinary method, good analytical 
results were obtained. 

The comparative analyses performed with the 
diazotization method of Bratton and Marshall seem 
to indicate that the results obtained by the two 
methods compare favorably. The method of 
analysis of sulfonamides based on Schiff base forma- 
tion does not involve diazotization. Thus, it 
eliminates the need for freshly prepared sodium 
nitrite solutions and ammonium sulfamate solutions 
required with the method of Bratton and Marshall. 
Control of pH and ionic strength are required in 
both methods (9). 

The method of Schiff base formation provides a 
rapid and sensitive procedure for sulfonamide 
analysis. Analysis over a wide concentration range 
is possible by adjusting the water content of the 
solvent system and the concentration of aldehyde. 
Beer’s law was obeyed at all concentration ranges 
and under all conditions studied. 

Subsequent work will investigate the appli- 
cability of this technique in analysis of sulfon- 
amide in biological materials and of sulfonamide 
mixtures in conjunction with paper and thin-layer 
chromatography. 

REFERENCES 

(1) Butler, C. G., and Ingle, P. H., J .  Pharm. Pharmocol., 

(2) Castle, R.  N. ,  THIS JOURNAL, 40, 169(1951). 
3) Deeh, E. N.,  DRUG STANDARDS 22, 194(1954). 

14) Cordes, E. H.. and Jencks, W. $., J .  A m .  Chcm. Soc., 
84, 832(1962). 

(5) Bratton. A. C., and Marshall, E. K., Jr.. J .  B id .  
Chem.. 128, 537(1939). 

(6 )  Neal, W. T. L., Analyst, 79,403(1954). 
(7)  Reilly, C. N., and Crawford, C .  M., Anal.  Chcm., 27, 

716 1955) 
18) Reilly, C. N., and Sawyer, D. T., “Experiments for 

Instrumental Methods.” McGraw-Hill Book Co., Inc., New 
York, N. Y., 1961, pp. 140-146. 

(9) Dux, J. P., and Rosenblum, C., Anal. Chcm., 21, 1524 

6, 806(1954). 

(1 040) 

sodium hydroxide as outlined in the N.F. X I  was 
required to  form the primary amine. The com- 
mercially available sulfadimethoxine tablets used 
were colored with a yellow dye; but it was found 
that  for the dilutions used, the absorbance from the 
color was not sufficient to interfere with the spectro- 
photometric assays by either method. 

For the analysis by the method of Bratton 
and Marshall, the procedure followed was that 
outlined by Dux and Rosenblum (9). 

Four determinations by each method were 
performed for each sulfonamide. The meau per 
cent of labeled amount and the relative standard 
deviation (10) for each sulfonamide are shown in 
Table I11 for both methods. 

DISCUSSION 

The results of this investigation indicate that the 
formation of Schiff bases can be utilized as a suit- 
able assay procedure for sulfonamides. As in most 
analytical methods, provisions must be made for the 
control of temperature, solvent system, pH, ionic 
strength, and concentration of reactants. 

Since the Schiff base formation reaction is known 
t o  be exothermic ( l l ) ,  the influence of temperature 
on absorbance, as observed in Fig. 3, was as expected. 
Figure 3 shows that analyses based on this reaction 
must be carried out at a controlled temperature. 
Solutions prepared at room temperature achieved a 
constant temperature within 5 min. after being 
placed in the spectrophotometer sample chamber. 
However, it  should be pointed out that for assays 
based on previously prepared calibration curves, it  
is necessary to ascertain that the temperature of 
the standard solutions used in obtaining the calibra- 
tion curve and the temperature of the solutions 
being assayed are the same. A constant temperature 
cell holder mounted in the spectrophotometer also 
can be used to  maintain a constant temperature. 

As the result of the formation of 1 mole of water 
per mole of Schiff base produced, maximum Schiff 
base formation can be expected in nonaqueous 
solvents. Figure 4 indicates that maximum ab- 
sorbance and consequently maximum sensitivity 
can be obtained in nonaqueous solvent systems. 
Sensitivity of the method can also be increased by 
increasing the concentration of aldehyde present in 
the system, since high aldehyde concentration drives 
the reaction in the direction of Schiff base formation. 

Ionic strength and pH are additional factors which 
require control in an assay procedure based on Schiff 
base formation. Figure 5 shows that absorbance is 
greatly increased a t  high salt concentrations. This 
phenomenon is perhaps due to the ionic attraction 
provided by the salt for polar water molecules. 
The absorbance is also influenced by hydrogen ion 
concentration. The study of pH at constant ionic 
strength (Fig. 6) indicates that maximum sensitivity 
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