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HISTORICAL BACKGROUND 

The spectrophotometric determination of 

the sulfonamide concentrations were performed 

by many workers in the field. The administra-

tion of sulfonamides were controlled by frequent 

determlnations of the drug 1n the blood. Occa-

sionally it was neces~:>ary to know the concentra-

tion of the drug in var1ous body fluids such as 

the urine and cerebrosplnal 1'luld. The techn1que 

was simple, requiring the use of a standard color-

lmeter, and was based oh the method of Bratton and 
( l) 

Marshall. The method consisted in prec1pitat1ng 

the protein of the fluid with trichloracetic acid, 
' 

filtering, diazotizlng the aryl amine in the fil-

trate with nitrous acid, add1ng ammonlum sulfamate 

to destroy the excess n1trous ac1d and coupl1ng 

the dlazonium salt with N-(1-napltlthyl)-ethylene-

diamine dihydrochloride. The color intensity of 

the azo dye solution was a measure o1' the sulfo-

namide content of the fluid. The undesireable 

features of this procedure are: the time for a 

s1ngle determination lS exceptlonally long, and 

1. 
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the color whicn was formed was stable for no 

longer than one hour, so that it was impossible 

to run a large number of samples simultaneously. 

The nitrogen bubbles which form after the addi

tion of the ammonium sulfamate often lead to 

false readings. 

Another quantitat1ve method widely used 
( 2) 

was based on Werner's procedure. Werner con-

densed the amino group with p-dimethyl am1no-

benzaldehyde, added 1 ml. of a 3 per cent solu

tion of th1s reagent 1n 7 per cent v/v sulfuric 

acid to 9 ml. of the urine previously diluted 

one or two hundredfold, and measured the color 

intens1ty formed with those of similarly treat-

ed standards. Here, again, care was necessary; 

it was difficult to use this method for accurate 

work since the dye had a loN t1nctor1al value. 

Werner observed that the presence of free trich-

loracetic acid interfered with the max1mal pro-
" ( 3 ) 

duction of color. Kuhnau has reported that this 

effect was not a specific property of trlchlor-
4 

acetic acid, since fue estimated uliron (N-sul-
1 1 

phanilyl-N N-dimethylsulphanilamide) in blood by 



3· 
the addition of a trichloracet1c acid solution 

of p-dimethylaminobenzaldehyde to a trichlor

acetlc blood filtrate without previous neutra
{4) 

lization of the blood filtrate. Morris reports 

that this effect can be observed with a var1ety 

of acids including hydrochloric, sulfuric, 

p-toluenesulfonic and sal1cylsulfon1c acids. 

It has also been reported that the total values 

obtained w1th these methods are subject to error 

resulting from the change in coior 1ntens1ty 
( 5 ) 

w1th small changes 1n the pH. 

It was the object of th1s study to develop 

a spectrophotometr1c method for the determina-

tion of the sulfonamides themselves, not in the 

blood or any of the body fluids. After wuch 

experimental work with diazotizations and 

coupling with other dyes, outside of those 

tr1ed by Bratton and Marshall and -Nerner, 1 t 
( 6) 

was decided to look into Doble and Geiger's 

modification of Marshall, Cutting, and Emerson's 

or1g1nal procedure, using alcohol as the prote1n 

precipitant and diphenylam1ne as the coupling 

reagent producing a yelloN color. It was repor-
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ted that upon using this method on blood and 

urine turbid solutions were obtained which could 

not be clarified by filtration and were not suit
{7) 

able for photelometric use. 

An effort was made to change this procedure 

and adapt the following: (a) trichloracetic and 

sulfur~c ac~ds were used in the diazotization 

with sod~um nitrite, (b) alcohol was used as a 

solvent to prevent precipitation of the coupling 

reagents, and (c) p-aminoacetophenone .. vi th 

diphenylamine were used as the coupling reagents 

for the production of orange colored solutions. 

Experimental Procedure 

Reagents. 15 per cent triohloracetic acid; 1 N 

sulfuric acid; 95 per cent ethyl alcohol; 0.5 per 

cent sodium nitrite; p-aminoacetophenone prev~ous-

ly recrystallized and pur~fied in ethyl alcohol 

and made up into a 0.1 per cent solut~on in ethyl 

alcohol; and diphenylamine also recrystallized and 

purified with ethyl alcohol and made up into a 

0.5 per cent solution in ethyl alcohol and stored 

in an amber bottle. 

Instrument. All determinations were made w~th a 
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Coleman Universal Spectrophotmeter using a deep 

purple filter (PC-6) for making measurements in 

the region of 350-400 mmu; a purple filter (PC-4) 

of a special glass which substantially levels out 

the response of the photocell in the v1s1ble re

gion, 400-650 mmu.; and measurements were made 

between 650-eOO mmu. a red filter (PC-5) was sub

stituted for the purple filter (PC-4) to remove 

stray light passed by the monochromator. All 

colors developed were compared against reagent 

blanks of the same age, in a pair of optically 

matched oblong cells of 20 ml. volume. 

Calibration curve. The cal1bration curves ob

talned in this study are actually the graphs, 

(I) and ( Il), wluch were run in distilled water 

containing the reagent blanks against which all 

colors formed, were compared. 

The sulfanilamide and sulfathia~ole solu

tions were made up as follows: pure sulfanila

mide and sulfathiazole vvere prepared by recrystal

lization and purification from distllled water and 

alcohol respectively and thoroughly dr1ed 1n an 

electric oven and desicator. 0.1000 gms. each of 

sulfanllamide and sulfat~iazole were dlssolved 1n 
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a liter of distilled water. Solutions equiva

lent to 0.5, 1.0, 2.0, 4.0, 6.0, 8.0, and 10.0 

mgm. per cent were prepared by diluting 10, 20, 

40, 80, 120, 160 and 200 ml. respectively to 200 

ml. with distilled water. A milligram per cent 

is the same as micrograms per 0.1 ml. 

To 1 ml. of each of the solutions in a 20 

ml. oblong cell were added the reagents in the 

following order 3 ml. of 15 per cent trichlor

acetic acid, 0.5 ml. of 1 N sulfuric ac1d, 3 ml. 

of 95 per cent ethyl alcohol, 0.1 ml. of 0.5 per 

cent sodium nitrite. Mix the solution and allow 

to stand for 3 minutes to complete the diazoti

zation. When this has been completed add 1.0 

ml. of 0.1 per cent p-aminoacetophenone and 1.0 

ml. of 0.5 per cent diphenylamine. Mix and allow 

to stand until the color fully develops. 

The same procedure is followed from all of 

the concentrations or dilutions on each of the 

sulfonamides, except in the reagent blank 1n 

wh1ch 1 ml. of distilled water is used in place 

of the sulfonamide solution. The color produced for 

the reagent blank is a very pale pastel shade of 
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orange, and for the sulfonamide concentrations 

the colors ranged from pale orange to an 1ntense 

golden orange. 

All of the concentrat1ons prepared were 

measured aga1nst the reagent blank and wh1ch 

were all of the same age. The wavelength d1al 

was set from 360 mmu. to 1~0 mmu. using PC-6, 

PC-4, and PC-5 filters respectively. That is, 

the transmittance of the so1ut1ons was measured 

using the direct read1ng from the galvanometer 

scale~ The procedure was repeated all the way 

through as a check on the read1ngs of the gal

vanometer. At no time were there any varia

tions in the readings. 

The data cover1ng mgm. per cent concentra

tions of the sulfanllamide using the reagent 

blank as a reference standard will be found 1n 

table I, and the same for mgm. per cent concen

tratlon of the sulfathiasole will be found 1n 

table II. 

Temperature seemed to have no effect on any 

of the solutions, although each determinat1on 

was run at room temperature. 
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Discussion of Results Obtained 

Graph I shows the absorption curves for 

sulfanilamide. The sulfanilamide solut1ons show 

absorptlon peaks at 480 mmu. The sulfathlazole 

solution, 1n graph II, shows two absorpt1on 

curves, one at 480 mmu. and the other at 550 mmu. 

An exam1nation of tables I and II shows the order 

of agreement which may be expected in a series of 

analysis in wh1ch the ratios and the amounts 

varied. The procedure employed involves the 

assumption of a source of illumination of con

stant intensity. This assumption was checked 

by keeping the voltage of the battery constant 

wh1ch was readily performed by keeping the battery 

charger in operation during all determinations. 

It is quite obvious that if the observations were 

made with an instrument whlch dld not maintain a 

constant voltage supply the readings on the galvan

ometer scale would be out of line. 

Table III shows the per cent transmittance 

to be plotted against mgm. per cent concentrat1on 

of sulfanilamlde at 480 mmu., the absorption peak 

as shown on graph I. An examination of graph III 
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shows a linear curve from 0.5 mgm. per cent to 

10 mgm. per cent concentrations, prov1ng that 

these concentrations obey Beer's Lafl. The same 

applies to sulfathiazole where table IV shows 

per cent transmittance to be plotted against 

mgm. per cent concentrations at 480 mmu. and 

5?0 mmu., the absorpt1on peaks as shown on graph 

II. And an examination of graph IV,shows linear 

curves for both wavelengths, wh1ch again shows 

Beer's Law to be true for those concentrations. 

Therefore, a quant1tative est1mation of each of 

the aforementioned sulfonamides is possible in 

the concentrations performed. These linear 

curves have been reported in the literature. 
( 8) 

Lee, Hannay, and Hand report that Beer's Law 

is obeyed exactly to a concentration of at least 

12 micrograms per determinat19n. An examination 

of graphs III and IV shows that to be precisely 

true. 

Summary 

A method for the dete~minat1on of sulfona-

mides has been discussed that 1s based on the 

coupling of diazot1zed sulfonamides to p-am1no-
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acetophenone and diphenylamine. Changes in the 

procedure as proposed by Doble and Geiger in their 

modification of Marshall, cutting, and Emerson's 

method have been used, thus cutting the time down 

to about 10 minutes for a determination. The 

colors developed were stable for 24 hours or more. 

Suggestions For Future Work. 

Work along this line could be extended to 

see whether Beer's Law will hold true for concen

trations beyond 12 mgm. per cent. Investigations 

may also be carried on other sulfonamides as sulfa

pyrldine, sulfadiazine, sulfaguanidine, etc. 

Another investigation may be carried on to find 

other dyes that might couple with the sulfonamides. 

It would really be an achievement if someone 

would establish certain dyes or reagents wh1ch 

would be a specific for each 1ndividual sulfona

mide in order that an operator could differntiate 

one sulfonamide from another. 



TABLE I 

PER CENT TRANSMITTANCE READINGS FOR SULFANILAMIDE AGAINST REAGENT BLA!'lli§. 

_A_ ~ ....1:..& .k.Q -1.& 6.0 ...b_o 10.0 Mgm % 

PC-6 

360 56.0 54.1 52.1 37.2 28.5 ?.0.8 9.0 

380 66.2 50.7 56.8 40.8 30.5 22.2 10.5 

400 73.4 68.2 61.9 44.0 32.2 23.8 14.0 

P.C.;.4 
420 82.0 7. 50 66.5 46.8 34.2 24.8 15.5 

440 88.8 81.0 70.5 49.2 35.8 25.3 17.1 

460 93.8 85.7 73.:' 51.5 37.0 26.0 18.0 

470 95.4 87.2 74.0 52.5 37.2 26.2 18.2 

480 96.2 87.5 74.2 5].0 37.5 26.2 18.2 

490 95.0 84.5 72.5 51.8 36.5 25.5 18.0 

500 92.0 81.1 70.0 54.8 35.5 24.8 17.5 

520 82.5 72.8 64.5 46.8 33.0 23.5 16.8 

540 74.0 66.0 6o.o 43.5 30.8 22.2 16.0 

560 67.2 60.0 55.2 40.2 28.8 21.0 15.0 



TABLE I 
(Continued) 

~ ..J2a..2 _L.Q ~ _1.& _.2.& __§_& 10.0_Mgm__$ 

PC-4 
580 59.2 53.5 49.5 36.8 26.8 20.0 13.8 

6oo 52.5 47.0 45.0 34.2 25.2 18.8 12.8 

620 46.8 42.2 40.5 31.5 23.5 17.8 11.8 

640 42.0 37.5 36.2 29.2 22.5 17.0 11.0 . 
~gc;5 37.3 33.5 32.2 27.2 21.2 15.8 10.2 

680 33.2 30.5 28.8 25.0 20.0 14.8 9.5 

700 29.5 27.0 25.8 23.2 19.0 13.8 8.8 

720 25.8 24.3 23.2 21.2 17.8 13.0 7.9 

740 23.2 22.2 21.4 19.8 16.5 12.5 7.5 

760 22.2 21.0 19.8 17.2 15.5 11.8 6.8 



TABLE rr· 

PER CENT TRANSMITTANCE FOR MGM. PER CENT SULE.A.TI!IAZOLE 

). ___Q_,_2 _LQ .kQ ~ ...2& 8.0 lQ.& 

PC-6 
360 46.9 45.5 40.5 30.0 18.0 8.0 5.5 

380 49.9 48.0 42.0 31.0 19.8 10.5 7.3 

400 52.5 50.0 43.5 32.1 21.2 12.5 9.5 

PC-4 
420 54.8 52.1 44.9 33.4 22.3 14.5 11.7 

440 58.0 54.2 46.0 34.5 24.1 16.0 12.5 

460 6o.o 55.5 47.5 35.5 25.8 18.0 14.0 

480 61.0 56.8 48.8 36.2 27.0 20.0 14.8 

500 59.5 56.0 47.5 35.2 26.5 18.5 13.5 

510 59.8 56.5 48.8 35.0 26.0 18.0 1J.2 

520 60.5 57.5 50.5 37.5 26.8 19.2 13.5 

530 63.5 6o. 5 53.5 39.0 28.2 20.5 14.0 

540 69.5 65.0 56.0 40.5 29.5 22.0 15.5 

550 72.5 67.1 57.2 41.6 30.5 22.2 16.2 

560 72.0 66.5 57 .o 41.2 29.8 22.0 16.0 



TABLE II 
(Continued) 

A ~ _J.....Q _g_& ....hQ _..£.& .Jh.Q lQ.& 

DC-4 
5"8"0 68.5 62.8 5'5'.2 40.8 28.8 20.5' 15' .2 

600 64.2 5'9. ?- 5'3. 5' 40.0 28.0 19.5' 13.5' 

620 60.5' 56. 5 51.2 39.0 27.8 18.5 12.5' 

640 57.0 5'4. 5' 49.5' 38.2 27.5 18.0 11.5' 

?>~02 54.5 51.5 47.5 37.5 27.2 "17 ? .... ·- 10.8 

680 51. 5' 49.8 46.2 36.8 27.0 17.0 10.8 

700 49.5 47.5 45.0 36.8 

720 48.0 46.2 44.0 

740 46.2 44.8 42.8 

760 45.2 44.0 42.5 



TABLE III 

MILLIGRAM PER CENT CONCENTRATION OP SULFANILAIVIIDE AGAINST PER CENT 

TRANSMITTANCE AT 480 MIDJ WAVELENGTHS 

480 Mmu, 

96,2 

87,5 

74.2 

53.0 

37.5 

26.2 

18.2 



UBL!LIY 

MILLIGRAM PER CENT CONCENTRATION OF SULFATHIAZOLE AGAINSI_E~ CENT 

TRANSMITTANCE OF 480 AND 550 lvTMU WAVELENGTHS. 

480 Mmu~ i'iO Mml!a., 

61.0 72.5 

56.8 67.1 . 

48.8 67.2 

36.2 41.6 

27.0 30.5 

20.0 22.2 

14.8 16.2 
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