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SULPHAPYRIDINE CRYSTAL FORMS 

M. Wafik Gouda*, A. R. Ebian, Mamdouh A. Moustafa and 
Said A. Kha l i l+ .  From the  School o f  Pharmacy, 

U n i v e r s i t y  o f  Montana, Missoula Montana 59801, U.S.A.* 
and the  Department o f  Pharmaceutics, Facu l ty  o f  Pharmacy, 

U n i v e r s i t y  o f  Alexandria, Egypt+ 

Methods o f  p repara t ion  and cha rac te r i za t i on  of 
two polymorphs, t h ree  solvates and amorphous form o f  

su l  phapyr id ine are  described. I n f r a r e d  spectroscopy, 
x-ray d i f f r a c t i o n  and thermal ana lys is  data a re  given 
f o r  the  var ious forms. The q u a l i t a t i v e  and quant i ta -  
t i v e  aspects o t  the  t ransformat ion o f  metastable 
c r y s t a l  forms under var ious  cond i t ions  are  descr ibed 
and k i n e t i c  parameters estimated. Heating a l l  forms t o  
150" r e s u l t s  i n  a change t o  a s tab le  form s u i t a b l e  f o r  
i d e n t i f i c a t i o n  purposes. The poss ib le  use o f  c r y s t a l  
forms of h igher thermodynamic a c t i v i t y  , apparent 
s o l u b i l i t y  and an t i c ipa ted  b i o a v a i l a b i l i t y  i n  pharma- 
c e u t i c a l  preparat ions i s  discussed. 

B i o l o g i c a l  a v a i l a b i l i t y ,  physical  s t a b i l i t y  and i d e n t i t y  o f  
drugs have been shown t o  be g r e a t l y  a f fec ted  by t h e i r  presence i n  
var ious  c r y s t a l  forms . 

Sul phapyr id ine was repor ted  by Mesley and Houghton3 t o  e x i s t  
i n  one o f  s i x  c r y s t a l l i n e  forms and the  amorphous s ta te .  

descr ibed methods t o  prepare the  c r y s t a l  forms and used, b u t  d i d  
n o t  pub1 ish,  i n f r a r e d  spectra f o r  t h e i r  charac ter iza t ion .  
and G u i l l o r y  s tud ied  the  incidence o f  polymorphism i n  var ious 
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2 74 GOUDA ET AL. 

sul phonamides and reported methods of preparation, infrared spec- 
tra , differential thermograms, thermal data and x-ray powder 
diffraction data for five polymorphs and the amorphous form of 
sulphapyridine. Earlier, Castle and Witt were able to isolate 
four out of five crystalline forms of sulphapyridine which were 
detected by thermomicroscopic techniques. They reported me1 ting 
points varying from 175" to 192" for the various crystal forms. 
Kuhnert-Brandstatter and Wunsch detected seven forms of sulpha- 
pyridine. Three of these forms were obtained in sufficient purity 
by thermomicroscopic techniques and were characterized by their 
infrared spectra . Infrared spectra of one or more of the crystal 
forms of sulphapyridine were also published by Sheinker and 
Kuznetsova'', Hayden'' and in the Sadtler Pharmaceutical Col lec- 
tion. 
for a crystal form of sulphapyridine. 

and identity of sulphapyridine crystal forms is uncertain. Sol- 
vents used by various investigators for the preparation of 
apparently similar crystal forms were different. Inconsistencies 
in methods of preparation and characterization and lack of repro- 
ducibility in experimental findings were not uncommon. It 
appeared as though the abundance of experimental methods and 
results have made it difficult to make an objective assessment of 
the incidence of polymorphism and solvation of sulphpyridine. 

reproducible methods of preparation and characterization of sul- 
phapyridine crystal forms. The qualitative and quantitative 
aspects of the transformation of such crystal forms in various 
physical environments was also studied. Special attention was 
devoted to the dissolution behavior of metastable crystal forms. 
The latter are thought, as a result o f  higher thermodynamic acti- 
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12 X-ray powder diffraction data were published by Lennox 

The review of the previous reports indicated that the number 

The object of the present study was to present simple and 

vity, to be o f  higher apparent solubility and consequently bio- 
avai labi 1 ity 4, 13-5 
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SULPHAPYRIDINE CRYSTAL FORMS 275 

METHODS AND RESULTS 

Mater ia ls and Apparatus 
Sulphapyridine (Rhone Poulenc) was used as a s t a r t i n g  mater ia l  

f o r  c rys ta l1  i z a t i o n  during the course of the present invest igat ion.  
The p u r i t y  o f  the s t a r t i n g  mater ia l  and prepared c rys ta l  forms was 
checked by paper chromatography . Solvents used f o r  c r y s t a l l i z a -  
t i o n  were o f  B.P. qual i ty .  

beam grat ing i n f ra red  spectrophotometer model 2378. Determination 
o f  the concentration o f  sulphapyridine i n  so lut ion was ca r r i ed  out 
using a Unicam SP 500 u l t r a v i o l e t  spectrophotometer. Mass spectra 
were determined using a Varian Mat 111 GC mass spectrometer. 

X-ray powder d i f f r a c t i o n  measurements were made w i th  a 
Norelco x-ray di f f ractometer (IC 2000 series, P h i l i p  E lect ron ic  
Instruments Co.). Spectra were run i n  terms o f  2 8, Cu Ka radia- 
t i o n ¶  1°/min., l" receiving s l i t  and l" d ive rs i f y ing  s l i t .  

Thermal analysis was ca r r i ed  out using a Perkin-Elmer d i f f e r -  
e n t i a l  scanning colorimeter DSC-1 B, w i th  ni t rogen as e f f l u e n t  gas 
a t  40 cc/min., r a t e  o f  heating lO"/min. and char t  speed o f  lo"/ 
inch. Thermogravimetric analysis was performed using a Cahn R-100 
recording balance w i th  a dupont 990 thermal analyzer a t  a heating 
r a t e  o f  lO"/min. Nitrogen was passed a t  a r a t e  o f  75 cc/min. and 
the weight loss recorded. 
Preparation o f  the D i f f e r e n t  Crystal Forms 

The general procedure f o r  the preparation o f  the d i f f e r e n t  
c rys ta l  forms involved c r y s t a l l i z a t i o n  from speci f ic  solvent. For 
t h i s  purpose, 0.2 g o f  the drug was dissolved i n  a su i tab le volume 
o f  an appropriate solvent t o  form a saturated so lut ion a t  the 
b o i l i n g  po in t  of t h a t  solvent. The so lut ion was allowed t o  cool 
slowly a t  room temperature. The c rys ta l s  which separated were 
then f i l t e r e d  on sintered glass d isc (Jene 39 G 31, dr ied  i n  a 
current  of a i r  a t  room temperature C25OC) and stored i n  a desic- 

17 cator . Conditions f o r  the preparatfon o f  each o f  t he  c r y s t a l  
fonns are sumnarized as fo l lows: 

16 

I n f ra red  spectra were measured w i th  a Perkin-Elmer double- 
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276 GOUDA ET AL. 

Form I was prepared by crystallization from a wide range of 
solvents including water, methanol, ethanol, various hydroalcholic 
solvents or by precipitation from a solution in sodium hydroxide 
by the addition of hydrochloric acid. However, optimum conditions 
for the preparation of Form I in a reproducible manner involve 
crystallization from water or heating any other crystal form to 
150". 

Form I1 was prepared by crystal1 ization from isopropanol. 
Form 111 was prepared by crystallization form acetone. 
Form IV was prepared by crystallization from chloroform. 
Form V was prepared by crystallization from dioxane. 
An amorphous form was also prepared by melting any of the 

crystal forms and slow cooling of the melt. 
Characterization of the Crystal Forms 

The infrared spectra of Forms I-V and the amorphous form in 
Nujol mulls are shown in Fig 1. X-ray powder diffraction patterns 
of the same crystal forms are shown in Fig 2. 
served in the infrared spectra and x-ray patterns are sufficiently 
distinct to characterize the various crystal forms. 

shown in Fig. 3. Thermal data of these forms are given in Table 1. 
Thermogravimetric analysis, used to calculate the percentage weight 
loss accompanying various thermal transitions and especially loss 
of solvent from solvated forms, gave the results in Table 2. Mass 
spectroscopy and u 1 travi ol et absorptivity measurements were carried 
out to confirm the presence of specific solvents in various crystal 
forms and determine the quantityof such solvents. The results are 
also shown in Table 2. 
Interconversion of the Crystal Forms 
(a) Crystallization. Sulphapyridine crystal form were intercon- 

vertible to one another by crystallization from the appro- 
priate solvents as descrived under "Preparation o f  the 
different crystal forms. ' I  

Differences ob- 

Differential thermograms of sul phapyridine crystal forms are 
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SULPHAPYFXDINE CRYSTAL FORMS 277 

( b )  Heating. 
in a transformation to  Form I .  

( c )  Suspension in water. Suspension of a l l  crystal  froms in 
water a lso resulted i n  a transformation to  Form I .  

( d )  Grinding. Dry grinding produced a transformation o f  a l l  
crystal  forms t o  Form I .  The transformation of Forms 11, I11 

and IV was, however, fas te r  than that  of other forms. 
under water was found to  accelerate the transformation t o  Form I .  
Various treatments appeared t o  be synergistic i n  effecting trans- 
formation of a l l  crystal  forms to  Form I .  
Dissolution Rate Studies 

the different  forms was essent ia l ly  similar t o  tha t  previously 
used for  sulphamethoxydiazine crystal  forms . Excess quantit ies 
of the solid (screened t o  a par t ic le  s ize  of 80-90 urn) were sus- 
pended in 50 ml aliquots of 0.01 N HC1 in 100 ml glass-stoppered 
flasks.  The f lasks  were rotated a t  48 rev/min in a constant temp- 
erature water-bath maintained a t  37" t 0.1'. 
in tervals ,  1 ml aliquots were withdrawn using 1 ml pipettes f i t t e d  
with sui table  f i l t e r  adapters, 1 ml of 0.01 N HC1 a t  37' was re- 
placed in each f lask.  
concentration of sulphapyridine in the various samples was deter-  
mined by measuring the ul t raviolet  absorbance a t  240 nm, referring 
t o  a standard curve ( E i X c m  determined i n  the present study = 471-.4). 

Results of the dissolution r a t e  measurements o f  some crystal  
forms are  shown i n  Fig.  4. 
Kinetics of Transformation of Form I1 t o  Form I 

particularly important, since the use of Form I1 i n  the formulation 
of dosage forms could be favored on basis of i t s  h i g h  apparent 
solubi l i ty  and, consequently, anticippted increase i n  bioavail- 
ab i l i ty .  
temperature and humidity was, therefore, studied. 

Heating any of the crystal  forms t o  150' resulted 

Grinding 

The procedure adopted for  measuring the dissolution ra tes  of 

17  

A t  measured time 

Appropriate di lut ions were made and the 

The transformation o f  sulphapyridine Form I1 t o  Form I is 

The s t ab i l i t y  of Form I1 under different  conditions of 
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FIGURE 2 

X-ray diffraction data of sulphapyridine crystal forms. 
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FIGURE 3 

Differential thermograms of sul phapyridine crystal forms. 
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SULPHAPYRIDINE CRYSTAL FORMS 283 

TABLE 1 
Thermal Data o f  Sulphapyridine Crystal Foms 

Temp a t  Temp a t  Heat o f  fusion*, cal/mol 
peak max o f  
t r a n s i t i o n  Heat o f  melt ing corrected t o  i t s  

curve t r a n s i t i o n  curve Exptl equivalent o f  
Form O K  cal  /mol O K  non-solvated form 

peak max o f  

I - - 466 9,400 - 
I1 411 -770 467 9,150 - 

I11 348 t 468 + - 
IV 34 5 t 469 t - 
V 3 98 6,880 468 6,910 8,950 

361 t 469 + - 
phous 
*Average o f  three determinations --- +N o t  determined 

TABLE 2 
Solvent Determination i n  Sulphapyridine Crystal Forms 

~~ 

% weight loss Moles o f  solvent/ 
Test f o r  i n  TGA mo? o f  drug 
speci f ic  Based on 
solvent Calc fo r  absorp- Based on 

Expected by mass assumed t i v i t y  w t  loss 
Form solvent spectroscopy Expt l  solvate measmt i n  TGA 

I water negative none - - - 
I1 isopro- negative none - - - 

I11 acetone pos i t i ve  16.7 18.9 0.5 1.0 
IV chloro- pos i t i ve  29.7 32.4 1.0 1.0 

V dioxane p o s i t i v e  26.1 26.2 1.0 1.0 

panol 

form 

h o r -  none - none - - - 
phous 
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2 84 GOUDA ET AL. 

Timc(min.) 

FIGURE 4 
Dissolution rates of sul hapyridine crystal forms. A Form I, 

Form 11, Form V ,  0 amorphous form. 

A quantitative Nujol mull infrared technique similar to that 
previously used to study the kinetics o f  transformation of sulpha- 

employed. The technique i s  based on the application of an absor- 
bance ratio procedure2' in which the absorbance o f  specific bands 
characteristic o f  the crystal forms being examined is measured 
relative to an appropriate internal standard band in the infrared 
spectra. 
for specific crystal forms. Calibration curves relating measured 

methoxydia~ine'~ and succinylsulphathiazole 5 crystal forms was 

Such absorbance ratios are constant and characteristic 
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SULPHAPYRIDINE CRYSTAL FORMS 285 

absorbance r a t i o s  of s p e c i f i c  c r y s t a l  forms t o  the  percentage com- 
p o s i t i o n  i n  mix tu re  prepared therefrom are establ ished and subse- 
quent ly used t o  f i n d  ou t  the  concentrat ion o f  a p a r t i c u l a r  c r y s t a l  
form i n  a mix tu re  o f  c r y s t a l  forms o f  unknown composition. App l i -  
ca t i on  of t h i s  method t o  the  ana lys is  o f  mixtures o f  Forms I and 
I 1  o f  sulphapyr id ine was f e a s i b l e  thanks t o  the  presence o f  a 
prominent band a t  1225 cm-' i n  the  i n f r a r e d  spectrum o f  Form I 
which i s  almost absent from the spectrum o f  Form 11. 

100" ? 0.1". 
sample were taken and analyzed by quan t i t a t i ve  i n f r a r e d  spectro- 
scopy f o r  t h e i r  content of Form I. The concentrat ion o f  Form I 1  
was found by d i f fe rence.  

t o  Form I a t  var ious temperatures are shown i n  F i g  5. 

phapyr id ine Form I 1  t o  Form 1 was studied by p lac ing  samples o f  
Form I 1  i n  desiccators over s a l t  so lu t i ons  prov id ing  r e l a t i v e  
humid i t ies  o f  50, 70, 80, 90, and 100% a t  25" 2 0.1". Rate con- 
s tan ts  ca lcu la ted  from l o g  concentrat ion o f  Form 11-time p l o t s  a t  
var ious r e l a t i v e  humid i t ies  a re  shown i n  Table 3.  

Samples o f  Form I 1  were placed i n  ho t  a i r  ovens a t  70, 90 and 
A t  var ious t ime in te rva l s ,  a few m i l l i g rams  o f  each 

Results o f  t he  t ransformat ion o f  Form I1 

The e f f e c t  o f  humidi ty on the  r a t e  o f  t ransformat ion o f  su l -  

TABLE 3 
E f f e c t  o f  Humidity on the  Rate o f  Transformation o f  Sulphapyridine 
Form I 1  t o  Form I a t  25" 

Re1 a t  i ve Rate o f  constant 
Humidity K x 104 

% h r - l  

100 
90 
80 
70 
50 

431.8 
129.5 
62.4 
27.8 
8.73 
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286 GOUDA ET AL. 

DISCUSSION 

Sulphapyr id ine i s  shown t o  e x i s t  i n  f i v e ,  o r  poss ib ly  more, 
c r y s t a l  forms i n  a d d i t i o n  t o  an amorphous form. Forms I and I 1  
represent t r u e  polymorphs o f  sulphapyr id ine whereas Forms I 1 1  , I V  
and V represent solvates o f  acetone, chloroform and dioxane respec- 
t i v e l y .  
v i o l e t  a b s o r p t i v i t y  measurements conf i rm the  presence o f  these 
solvents i n  a r a t i o  o f  approximately one molecule o f  so lvent  per 
molecule o f  sulphapyr id ine. Solvents probably e x i s t  i n  an adduct 
o r  c l a t h r a t e  form, from which they are given o f f  on heat ing a t  
temperatures above the  b o i l i n g  p o i n t  o f  t he  so lvent  and below the 
me l t i ng  p o i n t  o f  the  c r y s t a l  form. 
c r y s t a l  forms i s  no t  necessar i l y  constant and depends on d e t a i l s  
o f  the  method o f  p repara t ion  and the  t ime and cond i t ions  under 

which the  c r y s t a l  forms are  stored. For example, t he  acetone 
so lva te  (Form 1 1 1 )  was found t o  have 0.5-1 mole o f  so lvent  bound 
t o  each mole o f  t he  drug (Table 2 ) .  The format ion o f  solvates, 
o ther  than those repor ted  i n  the  present stydy, i s  no t  u n l i k e l y  
espec ia l l y  when a wide range o f  solvents i s  used f o r  the  c r y s t a l -  
l i z a t i o n  o f  sulphapyr id ine. 

niques o f  p repara t ion  and cha rac te r i za t i on  o f  sulphapyr id ine 
c r y s t a l  forms i n  the  l i t e r a t u r e  3 y  6’ 
var ious r e s u l t s  r a t h e r  d i f f i c u l t .  However, the  present i nves t i ga -  
t i o n  has presented s i m p l i f i e d  and reproduc ib le  methods o f  prepar- 
a t i o n  and cha rac te r i za t i on  o f  sulphapyr id ine c r y s t a l  forms. The 
r e s u l t e  reveal  t h a t  most o f  t he  c r y s t a l l i n e  mod i f i ca t i ons  o f  su l -  
phapyr id ine l i k e l y  t o  be encountered are a c t u a l l y  solvates and n o t  

6 t r u e  polymorphs . The number o f  solvates and the  type and amount 
o f  solvent contained i n  them are  no t  important from a pharmaceu- 
t i c a l  v iewpoint  s ince t h e i r  use i n  dosage forms would be very  much 
l i m i t e d  by t h e  sa fe ty  o f  admin i s t ra t i on  o f  t he  solvents contained 
there in .  

Mass spectroscopy, thermogravimetric ana lys is  and u l t r a -  

The so lvent  con ten t  of var ious  

Lack o f  d e t a i l e d  in fo rmat ion  and the  use o f  d i f f e r e n t  tech- 

have made comparisons o f  
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From a comparison o f  infrared spectra, there seems t o  be a l -  

Results of the present repo r t  would suggest, i n  

most a complete agreement o f  the i d e n t i f y  o f  Form I i n  various 
repor ts  6' " ll. 
agreement w i t h  Mesley & Houghton's re~omnendat ion~, tha t  heating 
any c rys ta l  form of sulphapyridine t o  150" would be sa t i s fac to ry  
prerequis i te  t o  the  determination o f  the i n f ra red  spectrum f o r  
i d e n t i f i c a t i o n  purposes. Such a procedure was shown t o  e f f e c t  
transformation o f  a l l  c r ys ta l  forms t o  Form I .  Thermal analysis 
data (Fig.  3 and Table 1) revealed tha t  a l l  c r ys ta l  forms melt  a t  
193-196". No evidence could be found t o  explain the di f ferences 
i n  mel t ing points  reported by Castle & W i t t  f o r  f ou r  o f  t h e i r  
sulphapyridine c rys ta l  forms. On the contrary, the present resu l t s  
agree w i t h  previously reported f ind ingsI7,  t h a t  c rys ta l  forms 
change t o  one and the same c rys ta l  form before mel t ing and have, 
therefore, s i m i l a r  mel t ing points. Forms I and 11 d i d  not show 
any t rans i t i ons  before melting, except f o r  a small exothermic t ran- 
s i t i o n  a t  = 138" i n  Form 11. The amorphous form showed an exother- 
mic t r a n s i t i o n  a t  = 88" which probably accompanied r e c r y s t a l l i z a -  
t i o n  from a glass s t a t e  t o  c rys ta l  Form I .  Forms 111, I V  and V 
exhib i ted endothermic t rans i t i ons  associated w i th  loss o f  solvent 
and transformation t o  Form 1. The heats o f  fusion calculated from 
d i f f e r e n t i a l  scanning calor imetry f o r  c rys ta l  forms I and I 1  were 
s imi lar ,  wi th ing acceptable experimental errors. Heats o f  fusion 
reported by Yang and G u i l l o r y  f o r  sulphapyridine c rys ta l  forms 
were somewhat lower than those calculated i n  the present study. 
Differences i n  heat o f  fusion could be due t o  va r ia t i on  i n  factors 
such as rates o f  heating, p a r t i c l e  s ize and thermal conducting 
qua1 i t i e s  of the c rys ta l  forms. 

revealed t h a t  Form I1 and the amorphous form had apparent so lub i l -  
i t i e s  which were 1.7-1.8 times greater than t h a t  of Form I. 
Solvates (represented i n  Fig.  4 by Form V which i s  a dioxane 
solvate) had apparent s o l u b i l i t i e s  which were only s l i g h t l y  higher 
than t h a t  o f  Form I .  

7 

6 

Dissolut ion r a t e  studies o f  the various c rys ta l  forms (Fig. 4)  
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The use of Form I1 or the amorphous form in pharmaceutical 
preparations obviously depends on the time during which such 
metastable forms maintain their identity and consequently higher 
solubility. 
calculated in the present investigation, are therefore important 
in deciding the possible utilization of such a crystal form. 
Rate constants calculated for the transformation of Form I1 to 
Form I at various temperatures (Fig. 5) were used to draw an 
Arrheniustype plot from which the data in Table 4 were obtained. 
A half-life of slightly over six weeks at room temperature was 
estimated for the transformation. 
factors are complimentary in affecting the transformation of Form 
I1 to Form I (as described under Interconversion of the crystal 
forms), the effect of humidity on the rate of transformation is 
also a determining factor. The results if Table 3 reveal that 

Kinetic parameters of the transformation of Form 11, 

Because various physical 

0 0.5 LO 1.5 2.0 2.5 3.0 3.5 4.0 45 50 5.5 6.0 
lime (hours) 

FIGURE 5 
Transformation of sulphapyridine Form 11 to Form I in the solid 
state at various temperatures. 70", 0 90" 3 

Q 100". 
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TABLE 4 
K i n e t i c  Parameters o f  the  Transformation o f  Sulphapyridine Form 
I1 t o  Form I 

Rate constant K x 10 K250 * x 10 t+(25") Ea 
2 

hr-' hr-' days Kcal/mol 
70' 90" 100" 

4.61 21.9 44.2 6.31 46 19.4 

*by ext rapo la t ion .  

water vapor i s  a very important f a c t o r  i n  a f f e c t i n g  transforma- 
t i o n  of Form I 1  t o  Form I. The r a t e  constant o f  the  transforma- 
t i o n  was increased by about 50-fold when t h e  percentage r e l a t i v e  

humidi ty was increased from 50 t o  100. These r e s u l t s  should help 
t o  es tab l i sh  optimum cond i t ions  f o r  t h e  fo rmula t ion  and storage 

of sulphapyr id ine Form I 1  i n  dosage forms. 
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