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Quantitative X-Ray Diffraction Analysis of Intact 
Tablets 

By G. J. PAPARIELLO, €3, LETTERMAN, and R E. HUETTEMA" 

An investigation into the ossible use of X-ray diffraction techniques to analyze in- 
tact tablets was made. d e  analysis of various pharmaceutical compounds in tablet 
form by X-ray diffraction was considered. Of those tested, only in glutethimide 
tablets, where the percentage of active component weight in total formulation weight 
is high, was the analysis of the intact tablet feasible. Methods of improving the 
reproducibility of this intact tablet analysis were considered. A procedure which 
makes it possible to assay 10 individual glutethimide tablets in 25 minutes was 

developed. 

HE DEVELOPMENT of rapid analysis of unit T dose formulations is a problem which has 
only recently come into the forefront. In 1961, 
Head (1) investigated the possible use of solid 
state fluorescence for the analysis of individual 
intact tablets and demonstrated that fluorescence 
was not totally acceptable for this purpose. 
The author did, however, suggest that X-ray 
diffraction techniques might possibly be more 
useful. 

Taking advantage of this suggestion, an in- 
vestigation into quantitative X-ray diffraction 
was initiated in this laboratory with the view that 
it might be possible to develop this technique to 
assay individual intact tablets both rapidly and 
automatically. It was felt that this investiga- 
tion could uncover the answers to the following 
questions: What adaptations and precautions 
are necessary to obtain acceptable reproduci- 
bility in the analysis of an intact tablet by X-ray 
diffraction techniques? What concentration of a 
drug within the normal tablet matrix can be de- 
tected by these techniques? What precision can 
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be obtained and how rapid can an analysis be 
run on individual intact tablets? 

The theory of quantitative X-ray diffraction 
analysis is authoritatively considered by Klug 
and Alexander (2), while a brief but lucid account 
has recently been given by Shell (3). Con- 
sequently, a treatment of the underlying theory 
will not be considered here. However, it  must 
be noted that the attainment of high precision in 
intensity measurements of diffracted X-rays 
demands careful attention to a number of factors, 
even when one is dealing with a carefully packed 
powdered sample. These factors- the particle 
size of the crystallite, preferred orientation, etc- 
were considered in this work but could not be 
dwelled upon because of the nature of the sample. 
It is understood that an attempt at  doing quanti- 
tative X-ray diffraction work without careful 
precautionary sample preparation is unusual 
and may be viewed with distress by a purist. 

The work that is reported here is essentially 
a two-part study. The fist part consists of an 
X-ray examination of various representative 
tablet formulations to determine what tablets 
might be assayed by this technique. The 
second part is a report on the analysis of glutethi- 
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midel tablets N.F. by this technique and the 
factors influencing this method. 

EXPERIMENTAL. 

X-Ray Equipment.-A General Electric XRD-5 
diffraction spectrogoniometer was employed in this 
work. X-ray radiation was provided by a copper 
target high intensity X-ray tube operated at 50 KVP 
and 15, 20, or 31 ma. A 3' beam slit, along with a 
medium resolution soller slit and a 0.1' detector slit 
made up the slit system used for most of this work. 
A 4' beain axis to target angle and a time constant 
of 1.0 seconds were crnployed. A gas proportional 
counter (General Electric No. 6 tube) was used as 
the detection device, its output being graphically dis- 
played on a Leeds and Northrup Speedomax re- 
corder. The scanning speed of the goniometer used 
throughout this study was either 2 or 0.2' per minute. 

Sample Holders.-Powdered samples were packed 
in the normal shallow Bakelite trays l l / d  X 1 in. in 
size; intact tablet samples were mounted in a 
specially designed sample holder fabricated out of 
Bakelite. This holder is illustrated in Fig. 1. 

Qualitative Pattern Examination.-Powdered 
samples were finely powdered, passed through a 
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in the specially designed intact tablet sample bolder 
and scanned from 5 to 30' 28. 

Quantitative Analysis of Glutethimide Tablets.- 
A tablet is placed in the intact tablet sample holder 
with its bisection facing forward. The tablet is 
oriented in the bolder so that its bisection is per- 
pendicular to  the path of the X-ray beam. The 
sample bolder is fastened in place on the diffrac- 
tometer. A scan is made from 16 to  18' 26 using a 
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Fig. 1.-Intact tablet sample holder. 

TABLE L-TABLET FORMULATIONS INVESTIGATED 

Active 
Component 

in Total 
Formulation 

Wt. (76) 

Tabieta Wt. 
Methylphenidate hydrochloride, 10 
mg. 7 

Hydrochlorothiazide U.S.P., 50 mg. 17 
Tolazoline hydrochloride U.S.P., 25 

mg. 17 
Tripelennamine hydrochloride U.S.P., 

50 mg. 25 
Glutethimide N.F., 500 mg. 77 

a Marketed as Ritalin, Esidrix, Priscoline. Pyribenzamine, 
and Doriden, respectively, by Ciba Pharmaceutical Co.. 
Summit. N. J. 

standard No. 320 sieve, and carefully packed in a 
shallow Bakelite tray. These samples were scanned 
from 5 to 30" 28. Intact tablets were merely placed 

1 Marketed as Doriden by Ciba Pharmaceutical Co.. 
Summit, N. J. 

Fig. 2.-X- 
ray diffraction 
pattern of meth- 
y l p  h e n  i d a t  e 
hydro c h 1 o r  i de 
powder. 

Fig. 3.--X- 
ray diffraction 
pattern of pow- 
dered methyl- 
phenidate hy- 
drochloride tab- 
let formulation. 

linear count r&ge of 2000 counts per second and the 
instrumental conditions as previously indicated. 
This procedure is repeated for every sample tablet 
and the standard tablet. 

For each tablet measure the height of the peak 
from its base is at approximately 17' 28. The equa- 
tion (height of sample peakheight of standard 
peak)*100 = per cent glutethimide in tablet com- 
pares the peak intensity of the sample to  that of the 
standard to  obtain the analytical result. 

RESULTS AND DISCUSSION 
X-Ray Diffraction Examination of Representative 

Tablet Formulations.-The purpose of this part of 
the study was to determine what tablet formula- 
tions might possibly be analyzed by X-ray diffrac- 
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tiori techniques. From the  outset  i t  was understood 
tha t  absorption and  matrix interference preclude the 
u\c of this rriethod for very small dosage tablet 
forrnulaticiric. Srverthelcss, there a re  rriany other 
tahlet forniulations where t h e  percentage of drug  
weight in total formulation weight is at a level where 
analysis might he possible. Tablet  formulations 
whose prrcrntage of drug weight in total formulation 
Wright was from 7 t o  7iC/b were considered. The  

Fig 4-X- 
ray diffraction 
pat tern of pow- 
dered methyl- 
phenidate hy-  
drorhloridt. pla- 
cebo tablet for- 
rnulation. 

Fig. 5.--5- 
ray  diffraction 
pat tern of an 
intact  methyl- 
phenidate by- 
drochloride tab-  
let. 

Fig. 6 -X- 
ray  diffraction 
pat tern of a n  
intact  tnethyl- 
phenidate hy- 
drochloride pla- 
cebo tablet .  

cominercial tablet  formulations investigated a re  
listed in 'Table I .  

The mariner in which these various formulations 
were examined is qui te  biniple. First a diffraction 
pa t te rn  o f  t h e  powdered drug itself is obtained, anti 
t h r  most in tmse  diffraction praks noted.  Then  a 
diffraction pat tern of the  powdered tablet forrnula- 
tiori containing t h e  drug in question is taken. This 
pa t te rn  is studied, a n d  one seeks o u t  those diffraction 
peaks which were previously noted to  be large on the  
pat tern of the pure drug. A difiraction pat tern of 
t h e  powdered placebo formulation will a id  h th i s  
esarnination, since the  other compone~i t s  in a 
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formulation have diffraction pat terns  of their own 
and can obscure or interfere with t h a t  of the drug 
itself. 'The final s tep  is obtaining and examining 
diffraction pat terns  of t h r  intact  tablet and t h e  
u i ta r t  placebo tablct .  

l h u s e  pat terns  obtained for t h e  nicthylpheniciatc 
hydrochloride invrstigation a rc  shown iii Figs 2 
through G a s  a n  illustration of the  type  of results 
ohtairied. By examining Figs. 2 ,  3. and 4 ,  one will 
notice t h a t  a good many of t h e  strong diffraction 
peaks sern in t h e  nicthylphrnidate hydrochloridr 
powder pat tern a re  ohscured or absorbed in  t h r  
 atte tern of t h e  powdered formulation. 1Iowevc.r. if 
one were interested in pcrforniing t h e  analysis on  the  
powcler ra ther  than  thc intact  tablet ,  it W C J U I ~  be 
entirrly possible sincc there a re  still rneasurablr 
peaks a t  8.1", 11 3 " .  arid l.l.!lo 20 in the  powdered 
formulation diffraction pat tern.  Figures 5 and 6 
clearly drrnonstrate t h a t  t h e  number and intensity 
o f  t h e  diffraction peaks obtained from the densr  
intact  tablet sample definitely diniiriishes. I t  can 
be seen t h a t  there a re  no diffraction peaks prrsent  
whir11 might reflect t h e  amount  of methvIphenidatc 
hydrochloride present in t h e  intact  tablet .  hl: the 
intact  tablet pat terns  o f  t h e  compounds studied 
except for glutethirnide were like those of methyl- 
pheiiitlate hydrochloride a n d  were drtc.rmined t o  he 
unsuitable for use in an analytical mrtllotl 

Diffraction pat terns  for powderrd s;~mples of 
Klutethirnide itself, glutethiinide tablet formulation, 
and  glutcthimide jilncebu forriiulation indicated t h a t  
most of the  diffraction peaks were due  t o  thc  gluteth-  
h i d e  itself (see Figs. 7, 8, and 9). Seventy-seven 

Fig. 7 - X- 
ray  diffraction 
pat tern of glute- 
thimidr powder. 

Fig. 8:- -X- 
ray  diffraction 
pat tern of 
powdered glute- 
thimide tablet  
formulation. 

Fig. 9.-X- 
ray diffraction 

powdered glute- 
thimide placebo 
tablet. 

pat tern of 
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Fig. 10.-X- 
ray diffraction 
pattern of an 
intact glutethi- 
mide tablet. 

per cent of the tablet formulation is glutethimide, 
making it the predominant crystalline component 
in the formulation. Thus these diffraction results 
were expected. From an examination of Figs. 10 
and 11 it can be seen that, although decreased, the 
glutethimide peaks in the intact tablet pattern are 
still distinguishable. The most intense diffraction 
peak, that at 17" 28, was chosen as the peak to  use 
in an attempt to analyze glutethimide intact tablets 
quantitatively. 

Quantitative Analysis of Glutethimide Tablets.- 
Having found a diffraction peak which was intense 
enough to warrant investigation in thecaseof gluteth- 
imide, it was then necessary to show that this peak 
did indeed reveal the quantity of glutethimide 
present in an intact tablet. Proof of this nature 
was obtained by preparing tablets of known com- 
position and analyzing them by the diffractiou 
technique. That is, several small batches of tablet for- 
mulation were prepared, and tablets were nlanually 
compressed using a Stokes model E tablet press.l 
Measurements were made on these tablets with 
ultraviolet spectrophotometry and X-ray diffraction 
techniques. A plot of the results of these analyses 
indicate that the intensity of the peak at 1 7 O  28 for 
the intact tablet is dependent on the quantity of 
glutethimide present in the tablet. Figure 12 shows 
that over a rather large concentration range this 
dependence is linear. 

I t  was originally intended to use the tablets pre- 
pared by the above indicated method as standards 
for the analysis of the glutethimide production tab- 
lets. When this was attempted, however, it  was 
noted that the difiaction intensities for the produc- 
tion tablets were less than that for the standard 
tablets. This observation was investigated and was 
shown to be a pressure effect. The pressure used in 
compressing the production tablets is, of course, 
much greater than that used in preparing the 
standard tablets. This pressure effect might be due 
to preferred orientation or a reduction in the size of 
the crystallites. It has been reported that the 
presence of a large proportion of crystals less than 
0.2 p in size in a sample will result in sufficient line 
broadening to produce an abnormally low peak 
height ( 4 ) .  

The existence of this pressure effect made it 
impossible to  use the specially prepared standard 
tablets. It was necessary to use a production tablet 
as a standard tablet. Such a tablet was obtained by 
measuring the peak intensity at 17' 28 for a group of 
production tablets. Each time a set of two tablets 
having identical peak height intensities was found- 
one member of the set was assayed by ultraviolet 
spectrophotometry, while the other was saved intact 
to  be used as a standard. 

The authors are grateful to Dr. Arge Drubulis, who pre- 
pared these special tablets. 

Fig. 11.- --X- 
ray diffraction 
pattern of ari 
intact glutethi- 
mide placebo 
tablet. 

Table I1 compares the ultraviolet spectrophoto- 
metric and the difiaction analyses of 10 glutethimide 
tablets. The results for the diffraction analysis are 
given in peak heigbt units (millimeters) and can be 
converted to milligrams per tablet by use of a stand- 
ard production tablet. However, this conversion 
is not necessary if one is checking for dosage uni- 
formity since limits in millimeters can be specified. 
The analysis of the intact tablets by diffraction took 
25 minutes, whereas the ultraviolet spectrophoto- 
metric analysis of the powder of these tablets took 
over 2 hours. The reproducibility obtainable by 
the spectrophotometric method is greater than that 
obtained by the diffraction technique, but the dif- 
fraction technique's reproducibility is certainly 
acceptable if one were performing dosage uniformity 
analysis. 

The monogram and scoring of a tablet have an 
etrect on the absorption and scattering of the X-ray 
radiation. Consequently, one must always present 
the same surface similarly positioned in the X-ray 
beam if any sort of reproducibility is hoped for. 
Even when this precaution is taken, the reproduci- 
bility of measurements when the tablet is taken from 
the sample holder and then replaced in a similar 
manner is only =!=2.5%. These results, however, are 
not greatly different from those obtained by Klug 
for the quantitative X-ray diflraction determination 
of powdered samples (5). 

Shifting of the analytical peak from 16.93" to 
17.18'' 28 has been noted. This shifting is the reason 
for obtaining a recorded scan and measuring the 
peak height rather than obtaining a count for a 
preset time a t  exactly 17.00' 28. Such peak shifting 
is not unusual when one is using large scanning 
speeds and large time constant values. 

""I 

me 4m 450 l X  
a d  

YILLffiRANS PER ThBLE T 

Fig. 12.-Relationship between the milligrams of 
glutethimide present in the intact tablet and the 
measured peak height intensity a t  17" 28. 
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TABLE II.-COYPARISON OF DIFFRACTION AND ULTRAVIOLET SPECTROPHOTOMETRIC ANALYSES OF INDIVIDUAL 

GLUTETHIMXDE TABLETS 

Pcpk Ht., Deviation from Deviation from U.V. Analysis Deviation from Deviation from 
Tablet No. mm. Mean, mm. Mean. % mg./Tablet Mean. mg. Mean. 7% 

1 128 1 0.5 498 3 0.6 
2 130 __. 

3 131 
4 133 
5 132 

-_ - 
1 0.6 491 4 0.6 
2 1.8 489 6 1.1 
4 2.7 51 1 16 3.3 
3 1.9 497 2 0.6 

6 136 7 4.8 486 1 0.2 ~. - 
7 120 9 6.6 484 11 2.1 
8 133 4 2.8 493 2 0.2 
9 119 10 7.1 491 4 0.7 
10 129 0 0.3 495 0 0.1 
Av. 129 4 2.9 495 5 1.0 

SUMMARY It  has also been shown that intact nlutethimide 
tablets can be assyed by this X-ra; dihaction 
technique with a reproducibility of f3%, This investigation has demonstrated that the per- 

centage of drug weight in the total formulation - -  
weight must be large before one can consider the 
use of X-ray diffraction intact tablet analysis. From REFERENCES 
the data collected, it appears as if the drug must be 
at  least 50% of tbe total formulation weight before 

by this damctjon procedure could mn- 
templated. Of course, this judgement will depend 
on the crystalline character of the drug and the 
absorption effects of the tablet matrix. 

(1) Head w. F. Tms JormNar. so 1041(1961). 
(2) Klug,’H. P., hnd Alexander, i. i., “X-Ray Diffraction 

(3) Shell J. w. TEIS JOUPNAL ~2,24(1983) .  

(5) ‘ d g ,  H. P.. ibid., 25 ,704(1963). 

Ptoccdura.” John WileY and Sons, Inc.. New York N. y 
1854. 
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Qualitative and Quantitative Tests 
for Sulfaphenazole 

Provisional, unofficial monographs are develo ed by the Drug Standards Labora- 
tory, in cooperation with the manufacturers o t the  drug concerned, for publication 
in the Journal of Pbarmaceutical Sciences. The ready availability of this information 
affords discriminating medical and pharmaceutical practitioners with an added basis 
for consdence in the quality of new drug products generally, and of those covered by 
the monographs particularly. Such mono aphs will appear on drugs representing 
new chemical entities for which suitable iznti ty tests and assay procedures are not 
available in the ublished literature. The purity and assay limits reported for the 
drugs and their gosage forms are based on observations made on samples re resen- 
tativt of commercial production and are considered to be reasonable w&in ex- 

pected analytical and manufacturing variation. 

N’ - (1  - PHENYLPYRAZOLYL - 5)SULPANIL.hMIDE; 
C,&I~N,OS; mol. wt. 314.37. The structural 
formula of sulfaphenazole may be represented - 

Y’ 

Recaved December 31, 1863. from the Drug Standards 

DATION W~shington D. C. 20037 
Amkted for publication Jan+ 31, 1984. 
Pbysanns Products Co., Inc., Petenbm Va., b u  co- 

operated by furnishing samples and data to aidin the develop- 
m-t and preparation of thus monograph. 

Laboratory, AXBRIM PHARMACEUTICAL ASSOCIATION FOUN- 

Physical Properties.-Sulfaphezole occurs as a 
white to cream-colored, fine crystalline powder, m.p. 
17&182’, U.S.P. XVI Class I. It  is freely soluble 
in acetone, sparingly soluble in alcohol, and prac- 
tically insoluble in water. Sulfaphenazole dissolves 
in dilute mineral acids and in solutions of alkali 
hydroxides. 

Identity Tests.-To about 100 mg. of sulfaphena- 
zole, add 5 ml. of diluted hydrochloric acid, and boil 
gently for about 6 minutes. Cool in an ice bath, add 
4 ml. of a solution of sodium nitrite (1 in loo), dilute 
to 10 ml. with water, and place the mixture in an 
ice bath for 10 minutes. To 6 ml. of the cooled 
mixture, add a solution of 50 mg. of betanaphthol in 
2 ml. of sodium hydroxide solution (1 in 10): an 
orange-red precipitate is formed, 


