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Research Articles 

Infrared Analysis of Pharmaceuticals I11 

Identification and Determination of Adrenocortical Steroids, 
Barbiturates, and Sulfonamides from Paper Chromatograms 

By ALMA L. HAYDEN 

The adrenocortical steroids: cortisone, hydrocortisone, and 17-hydroxy-l l-desoxy- 
corticosterone, have been identified and estimated from paper chromatograms in 
amounts between 5 0  mcg. and 1 .5  mg. Recoveries of 90 to 10570 of these steroids 
were obtained on the basis of infrared spectrophotometric determinations. An- 
alyses were made of commercial tablets which contained (a)  hydrocortisone and 
17-hydroxy- 1 1-desoxycorticosterone, or (6) the sodium salts of phenobarbital, 
butabarbital, and pentobarbital. The results agreed within 3.8'x, with those pub- 
lished earlier (9), or with the declared amounts. In addition, the identification and 
estimation of sulfanilamide in a sulfacetamide powder were achieved by these 

methods. 

APER CHROMATOGRAPHY allows the rapid sepa- 
ration of microgram quantities of compounds. 

However, the coincidence of R, and mobility val- 

ues for a standard and a sample does not afford 
positive identification in all cases. The value 
of this separation technique is greatly enhanced 
when i t  is combined with other identification 
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methods, 
In addition t o  other applications, paper chro- 

Accepted for publication October 6 ,  1901. matography and infrared spectroscopy have been 
combined in the investigation of steroids in hu- 
inan placenta (1) .  Recently, the use of these 
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methods in studies of triamcinolone and related 
steroids (2) ,  and of cafieirie, antipyrine, and phe- 
nacetin from human tissue (3) has been reported. 
Techniques have been published (4-6) whereby 
the spectra of 100 mcg. and less of some pure crys- 
talline compounds in potassium bromide have 
been obtained. However, impurities in filter pa- 
per and solvents have made the analyses of micro- 
gram yuantities from paper chromatograms 
extremely difficult. The instability of some 
compounds and solvents t o  evaporation tech- 
niques has magnified this problem. 

In  the present study, mixtures of cortisone 
and hydrocortisone, in amounts between 50 
rncg. and 1.5 mg., were separated on washed 
Whatman No. 1 filter paper with a chloroform- 
formamide solvent system (7). After extraction 
from the  chromatograms, the steroids were 
identified by their infrared spectra in potassium 
bromide plates and disks. The spectra of sam- 
ples in amounts less than 100 mcg. were obtained 
using corresponding blanks in the reference beam 
and the Perkin-Elmer ordinate scale e x p n d e r  
(8). The spectra of samples in amounts greater 
than 180 mcg. were ohtained without compensa- 
tion or spectrum expansion. 

The combined method was applied to com- 
mercial tablets which contained hydrocortisone 
and 1 7-hydroxy-l l -desoxycorticosterone, or 
pentaerythritol tetranitrate and the sodium 
salts of phenobarbital, butabarbital, and penta- 
barbital. The results of the analyses agreed 
within 3 8% with those reported previously (9), 
or with the declared amounts. In  another 
application, a commercial sample of sulfacetamide 
was found to contain about 17% sulfsnilamidc. 

Joiiriiril I.$ Phnrmnceziticnl Sciences 

potassium bromide peripheries (10-12) 12.7 mm. in 
diameter. Approximately 30 to 35 mg. was needed 
to  fill the 3 X 10 inm. window. The disks and 
plates were heated a t  105' for 15 minutes, and were 
cooled to  room temperature in a desiccator. 

The infrared spectra were obtained on a Perkin- 
Elmer model 21 double-beam spectrophotometer 
which was equipped with sodium chloride optics, a 
microcell adaptcr, and an ordinate scale expander 
(8). The sample plates and disks were inserted in 
the sample beam with a holder which fitted the 
microcell adapter. An optical wedge wits placed 
in the reference beam to compensate for opacity of 
the pressed paper peripheries. For aruounts of 
180 mcg. and above of the steroids, spectra o f  the 
region between 2 and 15 p were obtained using the 
normal (1 X ) qualitative instrument settings. The 
spectra of amounts less than 180 rncg. were weak 
(less than 20yu absorption) and poorly defined 
under the 1 X conditions. Therefore, the ordinate 
scale expander (8) was employed to magnify elec- 
trically the pen movement, relative to  the optical 
wedge movement, to five times (5X)  its normal 
(1 X ) movement. The resulting spectra were simi- 
lar to, but less defined than, those of amounts 
greater than 180 mcg. 

Spectra of pure compounds which absorb less than 
or 5yo of the incident radiation may bc 

expanded 10 and 20 times, respectively. How- 
ever, interference from trace impurities in paper 
chromatogram extracts and poorly resolved spectra 
limit the usefulness of these expansions. 

Paper Chromatography of the Corticoster0ids.- 
Just prior to use, Whatman No. 1 sheets (8  X 8 in.) 
were eluted, continuously, with methanol for a t  
least 4 hours in an ascending chromatograph tank 
(13). The sheets were air-dried for a t  least 30 Tin- 
utes and were viewed in ultraviolet light (24S3A.). 
The strongly fluorescent solvent-front area (about 
1 cm. deep) along the top edge of the sheet was 
discarded. The starting line was ruled on the side 
of each sheet 3 cm. from the edge opposite the 
solvent-front area. The sheets were used within 
24 hours after washing. 

About 200 ml. of chloroform (U.S.P. or X.C.S. 
specifications) was equilibrated with 50 rnl. of re- 
distilled formamide for a t  least 30 minutes. Chro- 
matography tanks were lined with blotter paper 
and were equilibrated with the chloroform phase for 
30 minutes prior to chromatography (13). A solu- 
tion of the equilibrated formamide in methanol 
(30:iO) was used to  impregnate the washed sheets. 
Excess immobile phase was removed by placing the 
impregnated sheets between layers of paper towels. 

Aliquots of methanolic solutions of cortisone and 
hydrocortisone (about 1.0 mg./ml.) were applied 
in mixtures along the starting line of the iinpreg- 
nated sheets. Aliquots containing 50 to 100 mcg. 
of the steroids were applied, with intermittent air- 
drying, in spots 1 cm. in diameter. Amounts of 
180 mcg. to 1.0 mg. were applied in streaks, 1 cm. X 
3 cm. or 1 cm. X 14 cm., in the same manner. 
Amounts between 100 and 180 ,mcg. were not stud- 
ied. After application of the samples, portions of 
the formamide-methanol solution (0.01 or 0.20 ml.) 
were added to the spots or streaks to reduce sample 
adsorption a t  the starting line (14). The sheets 
were subjected to ascending chromatography for 

EXPERIMENTAL 

Preliminary Infrared Study of the Corticosteroids. 
-A preliminary study was made to determine the 
practical amounts of pure cortisone, hydrocortisone, 
and 17-hydroxy-11-desoxycorticosterone which could 
be identified by infrared spectroscopy. Dried 
residues of the steroids, from chloroform and from 
methanol solutions (0.50 rng. or 1.00 mg. per nil.), 
in amounts of 50 mcg. to 1.0 mg., were investigated. 
.4rnounts of 250 mcg. and above were hand-ground 
with 200.0 mg. of dry potassium bromide (Harshaw, 
infrared quality, 200/325 mesh) for exactly 2 min- 
utes. .4mounts of 50 to 250 rncg. were hand- 
ground with 40.0 mg. potassium bromide. The 
mixtures were dried a t  105' for 30 minutes and 
cooled to room temperature. 

A Beckinan evacuable die, 0.5 inch in diameter, 
was used to press the mixtures. A force of 20,000 
or 25,000 pounds was applied during evacuation. 
The 200-mg. loads were pressed into disks 12.i mni. 
in diameter. Portions of the 40-mg. loads were 
pressed into 3 X 10 mm. plates in pressed paper or 
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about 1 hour. During this time, the solvent 
trnvelctl approximately 18 cni. 

The chromatograms were dried, partially, a t  
room temperature for 30 minutes. The  steroid 
zones were located b.p their ultraviolet absorbance, 
using a phosphoresccnt screen (15), and were out- 
litied on tracing paper. The corresponding zones 
on the partially dried, chromatograms were cut into 
small rectangular pieces and were suspended in 4.0 
i n l .  o f  clilutc hytlrochloric acid (about 0.0025 N )  
ill scp:rr:itors. The suspensions were cxtracted 
with four 4.0-11il. portions of chloroform, allowing 
: i t  least 1 ininute for each extraction. The ex- 
tracts o f  tach suspension were washed, successively, 
wit 11 the same 3.0-rrd. portion of water, and werc 
filtered through chloroforrn-washed glass WOOI into 
:I 50-iiim. niullite mortar. The  4.0-inl. extracts o f  
each zone were concentrated, in succession, under 
nitrogen a t  about 3!jo. The  extracts were evapo- 
rated to  dryness only after addition of the final por- 
tion of chloroform. The  residues were dried in 
v;icuuni over phosphssrus pentoside for 30 minutes. 

Infrared Spectrolphotometry of the Extract 
Residues.--'The dri8:d residues were made into 
plates or disks as described for the direct standards. 
For amounts of 180 nicg. and more, the normal (1 X ) 
spectra were obtained without blank cornpensation 
or ordinate expansioit. The  spectra of the extracted 
stcroids, in amount,j of 100 mcg. and less, were 
weak and poorly defined, and were affected by small 
amounts of impurities from the paper and solvents. 
As :i result, conipen.sation with a paper-blank ex- 
tract and 5 X expansion of the ordinate scale were 
required to  obtain i'3entifiable spectra. 

Preliminary studies revealed that  compensated 
spectra may be obtained in two ways. I n  the 
instrument used, the niicrocell-sample position is 
recessed from the macrocell-sample and reference 
positions. As a result, the reference beam is larger 
:tnd lcss intense per unit area at the sampling posi- 
tion th:in is the sample beam at the microcell- 
sample position. A standard disk or plate placed 
in the latter positiou absorbs about 1.1 times more 
strongly than whcn i t  is placed in the rnacro- 
sample position. 'I'hereforc, for compensation, a 
(disk of given effective concentration (concentration 
X thickness) in the micro-sample position requires 
:L disk 1.1 times as concentrated in the reference 
position (method I). I n  method 11, since the beams 
:.it the macro-samp le and reference positions are 
cquivaleiit, a disk iii the macro-sample position is 
conipensated by one of the same effective concen- 
tration in the reference position (method 11). The  
hc~ltlers for the ma~:ro-s:ttnple and reference posi- 
tions were rectangular metal plates, i 4  X 50 inin., 
with a central 30 X i rnm. aperture. Tension 
clips were soldered Ion each side of the aperture to  
11(1sition the disks or plates. 

Therefore, for compensation, blank paper zones, 
taken from the same chromatograin and corre- 
sponding in weight t o  the 50 to 100-nicg. steroid 
zones, were extracted in the manner described 
above for the steroid zones. The dried residues were 
ground with 36 mg. (method 1) or 40 mg. (method 
11) of potassium bromide. The  mixtures were 
treated in the same manner as was described for the 
direct steroids. 

I n  method I,  uncompensated scans of the 2 to  15 
p region were made of the sample and of the blank 

(i t9 

plates in the niicrocell-saniple position untlcr 1 X 
conditions. At the wavcleiigth o f  ~iiaxiinutn trails- 
mission (usually near 5 p )  with the sample in the 
beam, the blank plate was adjusted in the reference 
beam to  give approximately 95';; transmission. 
The  compensated spectrum wits obtained betwccn 
2 arid 15 p using 1X instrument settings. At the 
wavelength of maximum transmission, the instru- 
mcut conditions wrre changed to th  
expnnsioii. The pen was adjustctl tci 9.5' 
siotl with thc pcii positioii control. The instruinent 
was reverscd to 2 p without further change. A 
slow scan of the 2 to  15 p region was made. 111 
inethod 11, uncompensated scans of the 2 to  15 p 
region were made ol the sample and of the blauk 
plates in the macro-sample position uudcr 1 X 
conditions. All other operations were identical t o  
those used in method I.  

The  spectra of the samples were compared with 
those of disks and plates of the direct standards. 
The  estimated recoveries of cortisone and hydro- 
cortisone were calculated from the normal 1X ab- 
sorbance at 5.82 p or (5.02 p (9) by comparison with 
the direct standards. The  absorptivity coefficients 
for the direct standards, Ka, were calculated from 
the equation 

h', = (A ,  x H 8 ) / ( G  x LJ 
In this equation, A ,  is the baseline absorbance and 
H. is the baud width at one-half the height o f  base- 
line absorlxrnce of the chosen band, C, is the ratio 
of the weight of  the standard to the weight of 110- 

tassiurn bromide, and L. is the average thickness 
of the disk or plate area exposed to  the sample 
beam. The  recoveries of the chromatographed 
steroids were calculated by inserting the appro- 
priate absorptivity coefficicnt in the lollowing 
equation 

A ,  and H ,  represent the baseline absorbance and 
half-band width of the sample band, L,, is the aver- 
age thickness of the exposcd sample disk or plate, 
M is the weight of potassium bromide, and W is the 
weight of the applied sample. 

Analyses of Commercial Products 

Hydrocortisone Tablet.-A commercial tablet, 
declared to  contain 20 mg. of hy.drocortisorie, was 
suspended in 10 nil .  o f  0.01 ili hydrochloric acid. 
The  suspension was extracted with four 25-1111. por- 
tions of chlor~~forni.  Each clilorofortn extract was 
washed with the same 5-nil. portioii o f  5(,.b sodiurn 
carbonate and, finally, with 5 inl. of water. The 
chloroform was evaporated a t  about 35" under 
a strcarn of nitrogeil. The  residue was dissolved in 
absolute methanol and was diluted to  25 nil. in a 
volumetric flask. A 1 .O-~nl. aliquot was applied 
in a streak ( 1  X 14 cni.) to  the starting line of it 
washed, itnpregiiated sheet of U'hatinan No. 1 
filter paper (8 X 8 inches). Tlie sheet was sub- 
jected to  ascending chroinatograpliy for j0 minutes, 
and the steroids were detcctecl, extr;tctcd, and iti- 
corporated into disks (200 nig., 12.i n~ in .  i n  diani- 
eter) as  described earlier. 

The  spectra were coinpared, under 1 X conditions 
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near 5.65 and 5.85 ,u, at id tlie average thicknesses 
L,, of  the disks, t h e  amounts of the barbiturate 
sodium salts per tablet were calculated from the 
following equations 

As /Cn  X L. = h', 

Ixtwecn 2 arid 15 p, with t h ( ~ s e  of st:tiid:trd hydro- 
cortisone a n d  1 i-hydroxy- 1 1 -tlesoxycort ici isterone. 
Quantitative baseline absorbance ant1 lialf-band 
width ~neasnrernents were nxtde at 5.82 p for hydro- 
cortisone and a t  5.99 p for l7-hg'droxy-ll-desoxy- 
corticosterone. The  absorptivity coeflicietit, K s ,  for 
the appropriate standard was inserted in the  follow- 
ing equxtioti to  obtain the  arnount trf  stcroid per 
t :I h I et 

Thc terms 11 ,(, H,,,  L,,, A-b, :ind werc descrihed 
ewrlicr. represeiits the aliquot I J f  tlic t l J t d  
volunic, VL,  taketi for aii:ilysis 

Tablets of "Triple-barb" (total, 8.0 mg.) and 
Pentaerythritol Tetranitrate (10.0 mg.).- A sample 
of powdered tablet mixture containing 8.0 ing. uf 
"Triple-barb'' (sodium salts of phenobarbital, 
hutabarbital, and petitobarbittil, in equal arnounts) 
WHS suspended in 5.0 nil. o f  water iu : I  separator, 
: i r i d  5.0 i n l .  of lo( ' ;  sulfuric acid was atidcd. The 
:tctivc iugredicnts were extracted witli chloroforui, 
: t i i d  the Ixtrbiturates wcrc trapped o i i  a Cclitc- 
~iot:issiuiii ~)Ii~~spli: t tc colurnii :IS dcscrihetl b y  C:irol 
( l i i ) .  The  i i t r ic iui i t  (if I,ciitaer!,tlirit(JI tetr:tnitrate 
iii :L 25 0-nil. ~i l iq i t (~ t  o f  tlie cliloroform cffllieiit was 
tlctertniiictl :is tlcscriljetl (16). 

T h e  barbituratcs wei-c cliitecl froin tlic C(J1Lllllll 
with chloroform-acctic acid (150 + l,5 ml.)  ant1 the  
solvents wcre evnporated at  :tl,out 55" under 
:L stream of air. The barbiturate residue was dis- 
solved b y  warming iii three portions of xetoiic- 
hydrc~chloric acid ( 1 5  + 0.5 ml,) .  The solutions 
were filtered through glass ~ ( ~ 0 1 ,  anti the coinhilied 
filtrates were concctitrated to ahout 2 m1. a s  de- 
scribed h i v e .  The cimceiitratc was diluted to 
5.0 ml. with acetoiic. 

Imtncdi~rtcly, tlie 1):d)itur:rtcs wcrc srl):":itetl 1)). 
:L ~nodificati~iii o f  tlic Satxitino pi-ocedure ( 1  7). .\ 
0.50-nll. xliquot of the h:irbitu-:ttc. solution was XI)- 

plied i i i  :I .;trcak to washed filter papei-. Tl tc :  filter 
paper was iiiist-sprayed with 0.5 J I  sodiutn car- 
hoiinte :md W:LS suhjectcd to continuous ascellding 
chroiiiatogrnpli~ ( 1 3  ) for -4 hours witll cthyleIic 
chloride its the triohile solvent. 

The chrotnatogra~ii was :iir-dried, and tlie three 
ultraviolet absorbing zones were suspended i r i  ,5.0- 
i n l .  portions of ,5(;* hydrochloric acid. The  sus- 
pensions were extracted and the extracts were 
treated as described for the steroids. The estract 
residue of each barbitur:itr was dissolved iu 0.50 nil. 
chloroform; 3.0 nil. z-lieptmie was :idded, and the  
solvents were evapot-:itcd uiitler iiitrcigcii a t  d ) o u t  
35". Crystalline samples o f  the stantlards (al,out 
%0.0 incg.) were treated in tlie s:uiie iii:iiiner. Po- 
tassium bromide disks (200  mg., 12.7 nun. in tiiam- 
eter) were prepared of the solid residues. The  
disks of phenobarbital and butabarhital were heated 
a t  105" for 30 minutes. Because of  difficulty in con- 
trolling the  polymorphic forms, the disks of pento- 
barbital were heated above tlie melting point of 
pentobarbital at 143" for 3 0  minutes. The disks 
were cooled to room temperature, and the iuiconi- 
pensated quantitative spectra were obtained be- 
tween 5.:3 and 6.6 p using nornial 1 X instrument 
cotiditioiis. 

I'roiii thc  I)ascliiic :tbsorImiccs ;i o r  the  bmtls 

The terins A ,,, L,,, d l ,  V t ,  and VC were described 
carlier. 1' :mtl W represent the average weight per 
tahlet ; ~ t i t i  t he  sziiiiple weiglit, respectively. X is 
the ratio of the  molecular weight of the  sodium 
salt t o  tha t  of t he  barhituric acid. 

The  identities of the  clirornatograplied barbi- 
turates were proved by comparing their spectra 
( 1 X ) in the 2 to  15 p region with those of the direct 
standards. 

Mixture of Sulfacetamide and Sulfanilamide.- 
24 100.0-mg. sample of the commercial powder was 
dissolved in 1.0 nil. of ammonium hydroxide and the 
solution was diluted to  10.0 tnl. with water. A 
~netliancil-washed filter paper sheet was iinpreg- 
natecl with fiirinnmide-acetone ( 3 ) : 7 0 )  as tlcscribctl 
h y  Maiciithal xiid co-workers (18). h ~1.100-1i1I .  
:tliquot o f  the sample solutioii was applied in :i 

streak (1 X 14 cln.) as  described previc~usl 
filter paper was subjected to  continuous a. 
chromatography for 3 hours with cliloroforu- 
tertiary h t y l  alcohol (100 + (i nil.) as the mobile 
solveiit 

The  sheet was air-dried in the dark for about 1 
hour and was viewed, briefly, under ultraviolet 
light. The ultravicJlet-absorbing sample zones 
were outlined, cu t  into small rectangles, and ex- 
tracted by  warming with four 10.0-ml. portions of 
acetone for 15 minutes. Each extract was filtered 

~001 ,  the  filtrates were evaporated 
tlJ iieitr dryness, and the  concentrate was trans- 
ferred t o  :i 50-inm. mortar with several small por- 
tions o f  acetotic. The xirnple solutions a t ~ t l  2.0-1111. 
aliquots of standard sulfacetalnitle and of sulfanila- 
mitie in :icetc~ne (0.200 mg./rnl.) were evaporated 
to dryness as described previously. The residues 
were dried at 80" in a VRCUUIII oven for 1 hour. 
The cuded residues were triturated with 2 ml. of 
hep tme  for about 10 minutes and the  solvent was 
evaporated at 35" under nitrogen. 

Potassiuni bromide disks (200.0 rug., 12.7 mm. in 
diameter) were prepared of the  sulfacetamide stand- 
ard, and sample residues, arid of the sulfanilamide 
stand:rrtl. A potassium bromide rectangle (3 X 
10 inin.)  in pressed paper periphery was prepared 
of the  sulfanilainide paper chromatography residue. 
Quaiititatice spectra were obtained of the heated 
standard and samplc disks ;tiid plate hetween 8.0 
:ind 9.75 p .  Measurements were made of  the  base- 
line absorhance aud the band widths at two-thirds 
the height of absorbance o f  the  9.16 p band. The  
per cent of each coinpound in the commercial mix- 
ture was calculated using the equation 

Thc ideutities of tlie extract residues were proved 
by comparison o f  the  spectra (1 X )  of their disks or 
plntes in the 2-15 p region with those of the  direct 
standards. 
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RESULTS AND DISCUSSION 

Table 1 shows that cortisone and hydrocortisonc 
are well separated even in 1:8 and 11 : l  mixtures. 
Except for slightly lower values for the 50-mcg. 
zones, the mobilities were reproducible. 

I n  Fig. 1 :ire specira of chromatographed corti- 
sone (11, 180 nicg.) and hydrocortisone (IV, 1.46 
nrg.) obtained under norinal 1 x conditions. The 
iincompensated spectra are identical t o  those of the 
corrcsponding direct standards ( I ,  180 tncg. ; and 
111, 470 nlcg.) and to publislietl spectra (12). 
liigure 2 gives expaiitied (5x ) spectra o f  c1iroin:r- 
ti)gr:iphcd cortisone (I ,  50 incg.) atid hydrocortisone 
(1 I ,  100 incg. ) conipetisatetl with correspondirig 
blariks. Iri general, the expanded spectra are similar 
t o  but less resolved tli,iri those obtnincd under norinal 
operating conditions. The background absorbance 
in thc C--H stretching mid bending regions is duc 
to uncoinpens:cted impurities from the paper and 
solvent. 

: 2 0 / ,  , , , , , , , , , , , 1 
ul 
5 
, 1 1 1 1 1 1 1 1 1 1 1  

-I 

g 8 0  
* m 

6 0  

4 0  

2 0  

3 4 5 6 7 8 9 1 0 1 1 1 2  1 3 1 4  

W A V E L E N G T H ,  M I C R O N S  

Fig. 1 .  -1nffilI-ed spectra o f  chroniatograpbcd cor- 
tisone (11) and Ii~~tlrocc~rtisotie (11;) and the corres- 
ponding tlirect stand:trds ( I  amd II I ) .  

B "  

4 0  , I 

1 
I 

I ,  I~ , 
' 1 d 5 6 I 8 9 80 8 ,  l i  I, I 1  

W A V E L I N G T " .  M I C R O N S  

Fig. 2.-Expanded (5X ) infrared spectra of chro- 
matographed cortisone (I, 50 mcg.) and hydrocorti- 
sone (11, 100 nicg.) 

The background absorbance was reduced by using 
freshly washed paper, by extracting chromatograms 
while they were still damp, by using a ininitnutti 
volume of chloroform, and by evaporating the ex- 

tracts irninediately under nitrogen. Evaporatioti 
of washed cotninercial chloroform revealed a negli- 
gible residue. Where signifirant residues are ob- 
tained, the coinmercial chloroform should he re- 
distilled or otherwise purified. The stopcocks werc 
wetted with water only; other lubricants were 
avoided. All containers were rinsed with a suitable 
solvent before use. Background absorbance was 
greatly increased if ethyl alcohol was used as a rinse 
or as a stabilizer of t he  chlorr~forrn extracts. When 
the washed sheets were allowed to  stand for days 
or wccks before use, the absorbancc of  paper hlaiiks 
was increased. 

Some estiinations of the recoveries o f  the cliroina- 
tographed cortisone aiitl hydrocortisone were inade 
by comparisons with the direct standards. The 
rcsults of these analyses itre given in Table 11. Ke- 
coveries of 90 to 105% of the applied steroids were 
obtained. The lowest recoveries were obtained 
with amounts of 50 to  100 incg. For best qualita- 
tive and quantitative results, i t  is recommended 
that  arnnunts of 180 mcg. or greater of the steroids 
he used. 

Paper cliromatography o f  the I~~~droccirtisci~ie 
tablet extract revcaletl two ultraviolet :ibsorbing 
zonc~s. The more polar zone (2.0--4.1 cin.) corrc- 
spontled to hydrocortisone in inobilit. 
polar zone (9.3-1l.i cm.) tiad a mob 
to  17-hpdroxy-11-desoxycorticosterone. The iiifra- 
red spectra of thc extracted materials were identical 
t o  the standards. Quantitative measurements werc 
made of the chromatographed steroids and the cor- 
responding standards. Hydrocortisone and 17- 
hydroxy-11-desoxycorticosterone were present in 
the tablets in amounts of 46.1 and 53.9(4, respec- 
tively. Previous analyses of this tablet by column 
chromatography and infrared spectropliotonietry 
(9) revealed 47.5'j;, liydrocortisone and 52.57; 17- 
hydroxy-1 1 -desoxycorticosterone. 

The paper chroinatograin of thc barbiturate frac- 
tion revealed three ultraviolet absorbing zones with 
iiiobilities similar to those o f  phenobarbital (2.0- 
3.8 cm.), butabarhital (4.1-6.1 cin.), aiid pento- 
barbital (6.4--8.X cm.). The mobilities werc de- 
pendent on the amount of iminobile phase used to 
impregnate the papcr. The infrared spectra of the 
paper chromatogram extracts were identical to those 
of the corresponding standards. The recoveries 
(Table 111) agreed within 3.8c/, with the declared 
amounts. 

The paper chromatogram of the sulfacetamide 
sample revealed two ultraviolet zones which corre- 
sponded in niobility to  those of standard sulfacet- 
aniide (1.6-3.4 em.) and sulfariilamide (0.0-1.6 cm.) .  
The identities of these components werc confiriiied 
by comparing their infrared spectra with those of 
standard sulfacctamidc and sulfanilaniidc. Sulf- 
acetamide and sulfanilairiide constituted 70. I a i i t l  

17.07:, respectively, of the total powder (Table 111). 
From these results, the general usefulncss of the 

combined method is apparent. To the rapid and 
efficient paper chromatographic separation is added 
the specificity of the infrared spectra. The nietliotl 
should be adaptable to  a variety of compounds. 
With modifications, such as the use of guide strips 
for color development, the study of ultraviolet 
tr:irisparent compounds could be tnadc. 

It is possible that  irnproved qualitative and quau- 
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TABLE I.-Mo~II.rrIES OF CORTISONE A N D  HYDROCORTISO~~E" 

Sample --- Hydr~,c,,rtis,)ne---------. _-___ Ccrtisone- - 
1 50 1.8-4.4 50 -5.6- 8 . 8  
t' 100 2.8-5.1 I 0 0  7. I - l f l .  I 

> 200 2 9-5 .1  2l)O 7.1-10.2 
4 .500 2.2-4.4 F00 6.4- 9.3 

I; 9% 2.0-5 .o 1,000 7 .0-11.4 

Amount, mcg. Mobility, cm Amount, mcg. Mobility, cm. n. c> 

5 1,460 2.1-,5.1 186 7.7-10.3 

- ~~ ~~~ -~ ~ __ - -. - ~ ~ _ _ ~  
'e the  distances of the leading and fullowing edges of the zones from the starting line. 

'rARLE II.-RECOVERIES FROM CHROMAToCRAMS OF MIXTURES 
~ ~~ 

~ 

----- Cvrtiwne-----------7 - ~ - _  Hydrocortisrmr .-. 
Sample Applied. Found, Recovery, AiJplied, I'oun:l, Kercivery. 

mcg. mcg. I" mcg. UICX. 1% 
L ,  SU. 

1 5( ) 46 92.0 
101) H(J 90.0 
186 189 101.6 

. . .  . . .  . .  
100 93.7 98.7 

I .460 1.436.0 98.4 
1 , I )OO 1 ,050 105.0 100 99.6 99.6 

TABLE III.-RECOVERIES FROM COMMERCIAL PREPARATIONS 

1)eclared. -.----l- +ound---. 
Sam 1'1 e Active Ingredients rng./Sarnple mg. 'X, 

1 H?-drocortisone 20.00 9.22 46 1 

desos).corticoster~~iie 0 .  00 10.78 53 . 9 
I Phellobdrhital sodium 2 .67  d .  I I 1 113 . 7 

Iiutaharbital sodiurii 2 .Bi 2 57 9fi. 2 
1 ( )3 . 7 pentobarbital sodiuni 8.67 d .  I I 

3 Sulfacetamide 100.00 70.10  70.  1 
Sulfanilamide 0.00  17 .01) 17.0 

1;-Hydrosy-11- 

.) -- ' ) , I  

., -- 

f1 Pentaerythritol tetranitrate was present a s  101 . l a% of declared amount.  

titativc results can be obtained on amounts less REFERENCES 
than 100 incg. by using especially purified solvents 
a i i d  paper. Additioiial purification steps would be 
required in the analysis of compounds from bio- 
logical media. I t  is aiiticipatcd that this method 
will be useful in  the analyses of compounds from 
varied origins. Instruments equipped with beam 
coiiderisers can be used if the aforementioned dif- 
ferences in  beam sizes are considered. 

SUMMARY 

Cortisone and hydrocortisone were extracted 
from paper chromatograms and identified by their 
infrared spectra. The range of recoveries oi 
amounts of 50 nicg. t o  1.5 mg. was YO to IO-??&. 
;\nalyses of commercial preparations, which 
contained corticosteroids, barbiturates, or sul- 
fonamides, were achieved by paper chrotnatog- 
rdphy and infrared spectrophotometry. 
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