
Analysis of Phenobarbital in Relation 
to its Degradation Products 

By FREDERICK TISHLEKi, LEE F. WORRELLf, and JOSEPH E. SINSHEIMER 

The effect of the degradation products of phenobarbital upon six of its quantitative 
literature assays has been studied. Two new colorimetric procedures and an infrared 
method for the determination of phenobarbital are described and the effects of degra- 
dation products upon these assays is also discussed. Differential ultraviolet spectro- 
photometric analysis was found to be the assay procedure most useful for the deter- 
mination of phenobarbital in the presence of its degradation products. This analysis 

has also been successfully applied to phenobarbital in various dosage forms. 

I I I C  1.ll’liKATUHIi coxitaiiis little iiiformation ()i T tlic effects o f  the degradation prociucts of 
barI)ituratcs upon the cluantitative assays of the 
rcsprctive 1,arl)ituratcs. Jackson, ~t (TI. ( I ) ,  
have shown that  the decomposition products of 
1)arI)ital did not interfere with its ultraviolet 
s~)~~ctropli(itomctric assay as described by Gold- 
1):rum ( 2 ) .  

Since ~ h c  ivsta1)ility of barbiturates (:3 -5) and 
the isolaticin of their decoinposition prod,ucts 
((i, 7 )  are well described in  the literature, it was 
the 1)urI)ose of this investigation t o  study the 
ct’ircts of the hydrolysis products of phenohar- 
bital upon its most widely used quantitative 
assays. The dccoinposition products of pheno- 
I)arl)ital \rhich were used in this study includ.ed 
the following: I)heriylethylacetylurea. phenyl- 
etliylinalonic acid, ~~hen~lethylmalonaiiiide, a- 

I)henyl-ml)utyric acid, a-phenvl-?t-butvrainide, 
and urea. 

’The quantitative methods chosen for the 
study included: (a) the  U.S.P. gravirnetric assay 
(Sj, ( b )  a Volumetric precipitation titration (<)), 
(c) a nonatprous titration (lo), (d)  the  co1)alt 
colorimetric procedure (1 I ) ,  ( e )  a dircct ultra- 
L7iok.t s1)ectrol)hotometric method ( l ? ) ,  and ( f  ) a 
tlifierential ultraviolet sI)ectrol)hotoinetric 
method (2, 13 ,  1-1). In addition to  the above 
li tcrature Imredures, two new colorimetric 
assays werc: developed and their applicability 
for the analysis of phenobarbital in the presence 
of it.; deg-atlntion products was studied. 

EXPERIMENTAL 

Apparatus atid Materials 
A Be.ckmm rnodel I)[: spectri)photr,irieter and a 

Zeromatic PI1 meter, and a Perkin-Eliner model 21 
- 
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Phetiobarhilai, [:.S.P. grade, w a s  recrystallized 
from dilute. etlianol, I I I . ~ .  liOkli8’. 

Plieiiylethylacet~lurea was prepared by therm:il 
degradation o f  a 5 per cent aqueous solution o f  
sodium phenobarbital and isolation of the preeipi- 
tate. liecrystallizaticin from dilute ethanol gave it 
melting point of 1.1’7- 149” (3,  6, i ) .  

I’henylethylmaloriic acid was prepared by the 
hydrolysis of the tiiethylester o f  the wid with potas- 
sium hydroxide according to the procedure of Tas- 
selly, et nl. ( 15). 1~ecr~st:tllizatioii from benzene 
gave a melting point of 155- 158’ wit11 liberation of 
carbon dioxide (6, 7). 

Phenylethylm:~lonamitlc was prcpared by heat iug 
the corresponding acid with phosphorus pent:i- 
chloride on a steam bath for 6 Iiours. The pho.;. 
phorus ouychloritle formed was distilled off wi th  
the aid of a steam bath and water aspirator. The 
crude plienylethylmaloiiyl chloride was then added 
to a well cooled ether so~ution saturated with ain- 
monia. The prccipit:ited amide was dissolved i n  
acetone and, after evaporation of the solvent. w:is 
recrystallized from dilute ethanol, 1n.p. l19-l2Io 

a-Phen?.l-n-but\-ric acid, m.p. 42- 1 1 O ,  and a- 
ptienyl-n-butyraniide. n1.p. 83- 84’ were purchased 
from Eastman Organic Chemicals and recrystallized 
from dilute ethanol. 

I;rea, A . R . .  m.p. 132- 13.7’, w:is used :is purchased 
from Mallinckrodt. 

SOrenson phosphate buffer. pH i .38.  The buffer 
is prepared by mixiiig 20 ml.  of sodium acid phos- 
phate solution (9.21 Gm. of SaII~P04.H20/1000 
rnl.) and 80 ml. of dibasic sodium phosphate solution 
(0.47 Grn. of hTa?NP04/1000 ml,). 

Elimination oj  Acidic Impurities 
The fo1li)cvitig procedure W:LS :ipplied t o  inisturc.~ 

of phenobarbital and its acidic degr:idation product.;. 
e:ich of which was present in  a n  amourit equivnlcnt 
to a 50‘,’; deconipositioi~ of  0.1 Gin. of phcnobar- 
bitnl: The niixture, after evaporatioti of any solvent, 
was mixed with three 1 0 - t n l .  portions of  petroleum 
ether (4MiO”) .  i n  wliich ~)hei~obarbital is insoluble 
and a-phenyl-n-butyric acid is soluble. Each por- 
tion was decanted, filtered, and the petroleum ether 
so1ritii)n discarded. The filter paper was washed 
w i t h  sweral porticiris of acetone and added to the 
I)etrolcuiii ether-washed mixture. hfter evaporn- 
!ion of tlie solverit, 3 1  ni l .  o f  Siirrnsofi phosphate 

(a, 7). 
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buffer (pH 7.38) was added and the mixture stirred 
with a magnetic stirrer for one-half hour. Twenty 
milliliters of chloroform was added and the mixture 
stirred for an additional 5 minutes. The chloroform 
layer was drawn off by use of a separator and the 
aqueous phase was extracted with two additional 20- 
T& portions of chloroform. The combined chloro- 
form extract, after evaporation of the solvent, was 
then employed in the various analyses. 

Assays 

Differential Ultraviolet Analysis.--A sample of  
about 0.100 Gm. of phenobarbital is dissolved in an 
ammonia-ammonium chloride buffer (pH 10.0 5~ 
0.2) in a 1000-ml. volumetric flask. One 10-nil. 
portion of this solution is diluted with the buffer, 
IIH 10.0, in a 100-ml. volumetric flask. A second 
10-ml. sample is transferred to a 100-ml. volumetric 
flask, diluted to volume with buffer, pH 10.0, and 
10 ml. of 1.0 N hydrochloric acid (final pH 1.5 
f 0.2). The absorbance of the alkalinc solution is 

determined relative to the acid solution in the ref- 
erence cell a t  241 m p .  A blank solution was pre- 
pared and was found to have no contribution due to 
reagents and solvents a t  241 mp, 
Dimethylglyoxime-Thiosemicarbazide Colori- 

netric Procedure.-A sample of phenobarbital, 
0.005 Gm./lO ml. of 0.1 N sodium hydroxide, 
is decomposed at 100' for 90 minutes. Five milli- 
liters of 1.0 N hydrochloric acid is added immedi- 
ately to stop the degradation. A 1-ml, quantity of 
dimethylglyoxime solution (397, w/v in concen- 
trated hydrochloric acid) and 1.0 ml. of thiosemi- 
carbazide solution (1% w/v in 70% ethanol) are 
added. The mixture is heated for 105 min. a t  
100". After cooling, the solution is diluted to 
volume in a 25-ml. volumetric flask with distilled 
water and the absorbance determined at  532 nip 
relative to distilled water. 

Copper-Pyridine Colorimetric Procedure.-The 
sample of phenobarbital, approximately 0.050 Gm., 
i s  dissolved in 4 ml. of a 4Yo ammonium hydroxide 
solution. To this solution is added 2 ml. of a copper- 
pyridine reagent (2  ml. of pyridine and 25 ml. of a 
3yo copper sulfate solution). After 3 hours, the 
solution is filtered with aid of a filtering stick and 
washed with several small portions of distilled water. 
To the suspension of the colored precipitate in dis- 
tilled water, 5 ml. of concentrated ammonium hy- 
droxide solution is added, and the precipitate de- 
composed in a steam bath. The solution is quan- 
titatively transferred to a 500-ml. volumetric flask 
and diluted to volume with distilled water. The 
amount of copper present is determined colori- 
metrically with sodium diethyldithiocarbamate by 
the procedure of Charlot and Bezier (16) on a 2-ml. 
al'quot sample. The amount of copper is related 
in turn to the concentration of phenobarbital present. 

Quantitative Infrared Analysis of Phenobarbital 
in Combination with Pheny1ethylacetylurea.- 
Method I.-The sample to be determined is dissoved 
in an amount of reagent chloroform so that the coil- 
centration of phenobarbital is ly0 or less. T h e  
:ibsorbances at  5.75 and 6.39 p are determined 
from the spectrum produced in an O.l-mm. cell with 
chloroform as the blank and the results compared 
to standards. The 5.75 p band represents the con- 
centration of phenobarbital and the 6.39 p b;tricl 
represents the concentrzttion of the ureidc. 
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Method 1I.-The spectrum is obtained as directed 
under Method I .  The amount of phenobarbital 
present is calculated from its 5.75 p band. A blank 
sample is made containing this amount of phenobar- 
bital in chlorofomi and the unknown sample is run 
against this blank. The concentration of ureide is 
determined from its 5.83 p band. 

DISCUSSION 

The quantitative literature assays of phenobar- 
bital were tested for interference using an amount 
oT each degradation product corresponding to a 
complete hydrolysis of  phenobarbital. Several of 
the decomposition products were found to interfere 
with the assays. The acidic decomposition products 
interfered with the gravimetric, nonaqueous titra- 
tion, and cobalt colorimetric procedures. The use 
o f  a Sorenson phosphate buffer, as described above, 
was found to be the method of choice for the removal 
o f  acidic decomposition products. Kotondaro ( 17) 
has employed a bicarbonate purification procedure 
hut in our hands, inconsistent recovery of the bar- 
biturate was obtained due to the variation in pH 
of the bicarbonate solution. 

The ultraviolet spectra for the degradation prod- 
ucts o f  phenobarbital under the same conditions 
used by Mattson (12) for his determination of bar- 
biturates arc given in Fig. 1. At the wavelength 
of 240 mp used in this analysis, the ureide would 
cause the greatest interference. Since differential 
ultraviolet spectrophotometric methods have been 
shown to be more selective for barbiturates, the 

W A V E L E N G T H  mp 

Fig. 1 ,-  Ultraviolet absorption spectra of the 
degrddatioli products of phenobarbital at pH 9.5. 
I ,  Phenylethylacetylurea (0.1 mg./ml.); 2, a- 
phenyl-n-butyric acid (0.1 nig./ml.); 3, phenyl- 
ethylmalonic acid (0.05 mg./ml.); 4, phenyl- 
ethylmalonamide (0.05 mg./ml.); 5, a-phenyl-n- 
bUtyrdmidC (0 .05  nig./inl.); 6 ,  urea ( 0 . 1  mg./ 
ml.). 
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TABLE ~.-COMPARISON OF ASSAYS 
-~ 

~~ 

Sensitivity, Accuracy and Precision, Av. % 
Technique (Sample Size) Recovery + S. I). 

Gravimetric 0.200-0.250 GIn. 98.1 f 0.78 . . .  
Volumetric precipitation 0.100 Gm. 1 0 1 . 9 f 1 . 0  1 0 2 . 1 * l . l ~  
Nonaqueous titration 0.100 Gm. 99 .9  f 0 . 1  99.9 * 0.2c 
Cobalt colorimetric 0 .005 Gm./25 nil. 100.2 =I= 1 . 5  98 .3  f 1. 7" 
Differential ultraviolet method 0.001Gm./100ml.  9 9 . 9 d Z 0 . 1  9 9 . 9 f 0 . 1 b  
Dimethylglyoxime-thiosemicarbazide method 0.005 Gm./25 ml. 99 .2  f 0 . 9  
Copper-pyridine method 0.005 Gm./50 ml. 9 9 . 8 f  1 . 0  9 9 . 7 %  l . O b  
Infrared analysis 0.125 Gm./25 nil. . . .  97 .8  dZ 1.0" 

-__ 
The results in this column are based on the analysis of pure samples of phenobarbital. h Determined in the presence of 

d Determined in the all the degradation products. 
presence of phenylethylacetylurea. 

c Determined after the elimination of interfering degradation products. 

influence of the degradation products 011 this tcch- 
nique was studied. 

Williams and Zak (13) and Goidhaurn (2) havc 
employed tlie difference maxima obtained from the 
spectra of the first and second ionic species of the 
barbiturate for quantitative purposes, while Walker, 
et al. (14), used the difference maxima obtained 
from the nonionized and first ionized species for the 
determination of barbiturates in urine and blood. 
Since the difference maxima involving the second 
ionic species depends on the use of extremely basic 
and, therefore, unstable solutions of phenobarbital, 
this procedure was not employed. The method of 
Walker, et al., was further investigated and modified 
as described in the experimental procedure. The 
absorbance of each of the degradation products a t  
241 mp was found to be constant between the pH 
range of 1 t o  12. Thus, the degradation products 
do not interfere with this differential method of 
analysis. 

In  addition to  the literature assap, two new colori- 
metric procedures have beeti developed and their 
usefulness for the assay of phenobarbital in tlic 
presencc of its degradation products was investi- 
gated. The diInethy1glyoxime-thiosemicarbazide 
procedure is based upon a qualitative test of urea 
compounds as described by Ohkuma (18). Since 
this method depends on the decomposition of pheiio- 
barbital with the formation of urea and phenyl- 
ethylacetylurea, a sample should be tested prior to 
hydrolysis for a positive reaction due to these (leg- 
radation products. The other decomposition prod- 
ucts do not interfere with the analysis. At the end 
of 1 hour, the blank used in this deteriniliation 
becomes cloudy. However, siiice the absorbaticc 
due to  the blank is negligible a t  532 nip, distilled 
water is employed as the blank. 

Copper-pyridine derivatives of barbiturates Iiuve 
been investigated by Zwikker (19), Fouchet (20). 
and Levi and Hubley (21).  The formation of this 
phenobarbital derivative followed by  the quantita- 
tive dctcrmination of its copper content was tound to 
he useful for the determinatiou of phenobarbital 
in combination with its degradation products. 

Infrared spectroscopy was found to be a useful 
procedure in tlic qualitative ant i  qu:riititative tlc- 
terniitiatioii o f  plieiiobarbital both aloiie :tiid in tile 
presence o f  its uiairi degradati(1il product plienyl- 
ethylacetylurea Phenobarbital exhibits a carbonyl 
doublet which serves as a criterion of the purity of 
phenobarbital. When the ratio of the 5.75 and 
5.89 p carbonyl tlmblet for phetiobarbitnl is nut I 
to 1.26, the presence of ureide is indicated. Method 
L or inethod I1 can be used to  dctcrniinc the coil- 

TABLE II.-r)IFFERENTIAL ULTRAVIOLET ANALYSIS 
OF PHENOBARBITAL ELIXIR U.S.P. 

Amount Present 4 .00 Cm./L. 
Found 1 3 .98  

2 3.99 
3 3.9R 
4 3.99 
5 4.00 

~~ 

Average 3.99 Gm./L. 

centration of phenobarbital and phenylethylacetyl- 
urea. Method I1 should be employed when the 
concentration of the ureide is less than 0.25:); 
since the 6.39 p band of the ureide does not follow 
Beer's law below this concentration. A comparison 
of the methods investigated is sumrnarized in Table 
I .  The nonaqueous titration and the differential 
ultraviolet method are highly satisfactory with 
regard to accuracy, precision, and efficiency. Where 
degradation products are present, the differential 
ultraviolet method offers the additioiial advantage 
of eliniinating a prior separation of interfering pro& 
ucts. The differential ultraviolet procedure has been 
used in these laboratories in the kinetic study of the 
degradation of phenobarbital (22). 

T o  serve as a basis f ( ~ r  the quantitative deterniina- 
tion of pheiiobarbital preparations, the difference 
in molecular extinction coefficient, A€, was deter- 
mined from standard solutions. The average of 10 
determinations gave a value of 9404 for a molar 
solution of phenobarbital a t  a pH of 10 4~ 0.2 over 
that  of  a molar solution of a pH o f  1.5 I!= 0.2 a t  
241 nip. To test the applicability of the differential 
analysis t o  a pliarrriaceutical formulation, pheno- 
barbital elixir U.S.P. ( 8 )  was prepared and analyzed 
for its pheiiobarbital content. 111 Table I1 are 
presented the results of the analysis. KO inter- 
ference of the coinpotletits o f  the elixir was found in 
the differential ultraviolet analysis, while Mattson 
(12) rcported that the amaranth interfered with the 
direct ultraviolet procedure and an elixir base was 
necessary as a b h n k  

Ephedrine and amphetainine do not show changcts 
in  ultraviolet spectra utider the conditions c f  the 
riiffi.rcnti:il iiltr:ivirrlet ~iietht~tl, and therefore the 
general itsefuliirss ( I f  this int~thod is further illu- 
strated it1 the a idys i s  ( I f  ptieitubarbital conibiliations 
uf the above cunipoiinds 
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Pharmaceutical Investigation of Selected 
Alberta Bentonites I 

Geology and Identification 

By ARTHUR J. ANDERSONt and ELMER M. PLEIN 

Bentonite samples were collected from a number of Alberta deposits. Of these, 2 3  
were indexed in table form to show location and other information dealing with 
the parent beds. On a selected suite of samples, identification as bentonites was 

confirmed by differential thermal and X-ray diffraction techniques. 

ARLY INFORMATIOU concerning bentonite 
deposits in western Canada for the most 

part is found as brief reports in publications of 
the Canadian government (1-4). Of particular 
value in this respect are the comprehensive 
surveys of Spence ( 5 )  and Spence and  Light 

In 1949 the discovery of major oil reserves 
in Alberta brought an unprecedented demand 
for the high-swelling type of clay With no 
known reserves of suitable qualitv in Canada, 
all supplies, of necessity, were imported from the 
United States. In recent years, however, in- 
tensive subsurface exploration programs carried 
out by commercial interests resulted in the 
location of a number of reserves considerably 
better in quality than those previously described 
Of these, deposits uncovered a t  Rosalind and 
Onoway were considered sufficiently important 
t o  warrant commercial development, lMines 

(6). 
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and processing plants were established a t  both 
locations with production designed t o  meet the  
needs of the petroleum and associated indus- 
tries. 

Our interest in the material arose when claims 
were made tha t  certain beds contained bentonite 
comparable in  some respects to that  obtained 
irom the Black Hills region of Wyoming and 
South Dakota. A subsequent inquiry revealed 
that insufficient information was available t o  
allow for an adequate pharmaceutical evaluation 
of bentonites from any of the known -4lberta 
deposits. For tha t  reason, a study was under- 
taken with a view t o  determining the presence of 
reserves of pharmaceutical grade clav in the 
province. 

GEOLOGY 

Byrne (7)  states that in Alberta, thin beds of 
bentonite are fairly common throughout the Cre- 
taceous and Tertiary eras. However, thick accumu- 
lations have been reported only from the upper 
Cretaceous, with the Edmonton formation un- 
doubtedly being the most important for future pros- 
pecting (Fig. 1). The occurrences found in other 
levels of the upper Cretaceous as well as in the 
Paskapoo member of the Tertiary arc considered 
to have little commercial importance. 




