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PREPARATION AND CHARACTERIZATION RANITIDINE-HC1 CRYSTALS 

TARUNA MADAN & A.P. KAKKAR. COLLEGE OF PHARMACY, DELHI-17. 

ABSTRACT 

Four cry stall in^: and one noncryctalline form of KANIlIDlNE- 

I i C l  WI:I c preparnd and characterized tiy means o i  X-Ray powder 

difLr.~ctjon, Thermal analysis ( D . T . A .  8 T . G . A . ) ,  P o l a r i s i n g  

mirroscopy, Scanning electron microscopy , Infra r e d  

s p e ~ t I ( ~ p h o t  ometry dnd Ultra violet npectrophotomctry. All the 

tour crystalline forms w e r ' e  solvates or pseudopolymorphs. 

St nb i I it y det crm i n s t  ion of var i oun t orms under d i f f er ent 

conclitions exhibited FORM I 1  as moot stable arid all other forms 

convert to FORM I 1  during storagit. Humidity, Temperature and 

Compression f o r c e  affected t h e  polymorphic otability of various 

forms. Transit on temperatures of different forms were dctermined 

using Equilibr um solubility method. 

INTRODUCTION 

Many compounds, especially complex organic molecules a r e  

capable o f  being manipulated to exist in more than one form as 

solids. Some of  these forms are crystalline phases whi1.e others 

are matavtahle states where compound is in a noncrystallirle form. 

These differnt crystalline and noncrystalline forms differ in 

Hygroscopicity , Phys i cochemi cal stabil ity , Solubi 1 ity and 

Compression behaviour.Manipulation and control of.. crystal form 

can be exploited for commercial advantage by marketing a drug in 

a crystal form with maximum bioavailability and longest shelflife. 
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1572 MADANANDKAKKAR 

EXPERIflENTAL 

MATERIALS :Ranitidine HC1 U.S.P. (99.5% purity) was provided by 

Ranbaxy Laboratories, Okhla. New Delhi. All crystallisation 

solvents were analytical grade. 

PREPARATION OF VARIOUS FORMS : Commercial Ranitidine HC1 was used 

in the preparation. 

CRYSTALLINE FORMS [1,2] were prepared by cooling warm saturated 

solutions of the drug in different solvents at (25+0.5°C).The 

crystals were collected by filtration and dried under a stream of 

air. 

NONCRYSTALLINE FoRn vas prepared by Lyophilization [ 3 ]  and Spray 

drying [4]. 

CHARACTERIZATION OF VARIOUS FORflS : 

- _ _ _ _  X-RAY POWDER DIFFRACTION patterns were obtained with Philips 

Diffractometer PM 9920/05 using Ni filtered Cu K alfa radiations 

at a scan rate of 6.000 deg/min.from 5' to 60'. 

INFRA RED SPECTRA were recorded as KBr pellets using: IR 

Spectophotometer (FTIR NlCOLET 5DXj from 4000-600 /cm. 

D.T.A & T.G.A. was performed using RIGAKU 8150 Thermal Analyser. 

POLARISING MICROSCOPY was done using CARL ZEISS Pol. microscope. 

SCANNING ELECTRON PHOTOMICROGRAPHS were obtained using JSM840 SEM 

i J e o 1  make) scanning electron microacope. Solid samplea were 

coated with thin gold film by SPUTTERING TECHNIQUE and scanned at 

5KV. 

-~ ULTRA VIOLET SPECTRA o t  aqueous solutions were recorded in the 

near UV region from 190-400 nm using SHIMADZU UV 2 0 0 0 .  

NUMBER OF SOLVENT MOLECULES [5,6] was determined by measuring the 

absorbance of aqueous solutions of various crystalline 

f0rms(Z.78*10-~M). 

HYGROSCOPICITY : Samples (lgm.) o f  various forms were stored in 

saturated salt solutions of varioua relative humidity (R.H.) in 

dossicators (0-98:;) at 25+0.5OC for 3 weeks. Change in water 

content was determined by measuring the weight. 
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RANITIDINE-HCI CRYSTALS 

lni3X-z 
Crystallisation data 

1573 

SOLVENr CRYSTAL CRYSTALLISATION CRYSTALLISATION DENSITY (gm/cc) 
FORM TIME ( h r )  CONDITION IN ACFIONE IN DIOXANE 

- ErHAImL FORMI 6-24 Cool Evap3ration 0.8300 0.8425 
ISOPROPANOL FORM I1 6-12 Cod Evapxation 1.5460 1.5660 
METHANOL FORM111 6-12 C o ~ l  Evaporation 1.3150 1.3090 
WATER FORM IV 24 days Evaporation 1.1656 1.1621 

EQUILIRKlUM SOLUBILITY (7)of various samples was measured at 3 1  3 

nm at 2 0 ,  25, 30, 32.5, 35, 37.5, 40 and 50°C. 

DENSITY of various samples w a s  measured by Liquid displacement 

method at 2550.5OC using acetone and dioxane. 

STABILITY STUDIES 

1.STABILITY AtiAINST MOISTURE : Effect of moisture on solid state 

stabilty and polymorphic stability of various forms stored under 

various R.H.(O-98:) at 25+0.S°C was investigated by analysing 

samplea at appropriate intervals using U V  spectrophotometry, 

HPLC and D.T.A.-T.G.A. 

2.STADILITY AGAINST TEMPERATURE : Effect of temperature on solid 

state stability and polymorphic stability of various forms stored 

in dessicators at 25+0.5OC, 40+0.5'C and 6 5 2 0 . 5 O C  was 

investigated by analysing samples at appropriate intervals using 

UV opectrophotometry and D.T.A.-T.G.A. 

3.STABILITY AGAINST COMPRESSION FORCE :500mg of each sample was 

compressed using Hydraulic press at 4, 5 and 6 Tons of pressure 

and screened for polmorphic changes by X-RD and D.T.A.-T.G.A. 

-- RESULT AND DISCUSSION 

Conditions during crystallisation of various forms are given in 

Table-I. 

CHARACTERIZATION VARIOUS FORMS : 

- X-RD patterns o f  various forms are shown in Fig.1. The pattern is 

characteristic of each form and can be used for identification. 
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1574 MADAN AND KAKKAR 

NONCRYS. 

FORM I 

I FORM II 

:ORM I V  

5 

2 8  DEGREES 

60 

FIG. 1 
X-Ray powder diffraction patterns of various forms of RANITIDINE- 
HC1. 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

9/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



RANITIDINE-HCI CRYSTALS 1575 

A FORM Ia 

4 0 0 0  600 

WAVENUMBER crn-’ 

FIG. 2 

Infra red spectra of various forms of RANITIDINE-HC1. 
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1576 MADAN AND KAKKAR 

mEE33-11 -- 
Infrared spectral data 

PEAKS FORM I FORM I1 FURM I11 FORM IV 
/m % T  % T  % T  % T  
- 

3415 61.20 19.50 38.20 51.40 
3272 60.00 6.30 20.40 33.70 
3116 55.20 6.30 21.60 36.10 
2635 50.21 6.10 15.60 29.60 
2586 46.78 6.00 13.20 26.00 
1618 31.16 5.83 7.90 16.90 
1384 35.56 5.83 7.90 18.70 
1228 29.21 5.83 6.70 13.90 
1032 46.50 6.30 14.40 32.10 

748 57.60 7.33 22.80 42.90 
719 50.21 6.08 18.00 35.70 
676 52.80 6.30 19.20 38.10 

No definite prt,iks were apparent in the pattern of noncrystalline 

form. 

- IR SPECTRA of various forms i n  different and indicates 

differences in cryntal structure (Fig.2). Charactoristic peaks 

with 3 T of various forma are given in Table-11. 

The thermographs obtained by D.T.A.-T.G.A. are shown i n  Fiq.3. 

and data is given in Table-IIT. All the polymorphic forms had 

different melting and decomposition points. Noncrystalline form 

has lowest melting point (119.O0C). With least delta Hf (Enthalpy 

of Fusion), FORM I requires least eneray t o  lose its crystal 

structure and hence shows greatest solubility among the 

crystalline forma. Weight loss 'z in T.G.A. was maximum in FORM IV 

(29.536%). High weight loss in FORM IV indicates solvate 

format ion. 

Polarisinn photomicrographs of various forms are shown in Fig.4. 

A l l  the crystalline forms vere ANISOTROPIC and BIAXIAL and hence 

belong to ORTHORHOMBIC. RONOCLINIC or TRICLINIC crystal systems. 

Fig.5. showing Scanning electron photomicrographs of various 
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1577 RANITIDINE-HCI CRYSTALS 

COMMERCIAL 

JONCRYSTALIN E 

:ORM I 
166.0 

FORM II 

FORM 111 

FORM IV 
135.7 

151.4 

141.5 

100 150 2 0 0  0 5 0  
0 

TEMPERATURE C 

FIG. 3 

I 3 . T . A .  & T.G.A. of various forms of RANITIDINE-HC1. 

Decmp. P t  . e I-ld Weight Loss SAMPLE M:Pt. A H f  
C muv . min/g "C muv .min/g % 

CCWERCIAL 144.9 1188.72 157.1 2456.85 14.275 
NONCRYS. 119.0 0459.10 162.7 2048.96 11.764 
FORM I 134.8 0473.10 166.0 2146.30 11.327 
FORM I1 145.3 0740.50 156.7 1258.33 13.317 
FORM I11 135.7 0536.45 142.8 2887.06 15.649 
MRM IV 141.5 0620.74 151.4 1551.57 29.536 
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FIG. 4 

Polarising photomicrographs of various forms of RANITIDINE-HC1. 
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RANITIDINE-HCI CRYSTALS 1579 

FIG. 5 
Scanning electron photomicrographs of various forms of RANITIDINE- 
HC1. 
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1580 MADANANDKAKKAR 

'I"3l.E- 1v -- 
b. of solvent mlecules in various crystal forns --- 

SAMPLE! Absorbance of Calculated Absorbance for No. of solvent ml/ 
2.78xld' M soh .  Equirnolar s o h .  of crystals drug mol. 

~~~ 

" C R Y S .  0.497 
FORM I 0.446 
FORM I1 0.463 
FORM I11 0.453 
FORM IV 0.472 

- 
0.439 
0.457 
0.455 
0.472 

- 
1 
1/2 
1 
1 

forms reveals distinct differences in surface characterstic of 

solids. Noncrystalline form shows a distorted surface. FORM I 

shows repeated contact twinning of crystals with a pinacoidal 

cleavage resulting, in a step like surface. FORM I I  and FORM I t 1  

exhibit orthorombic crystals. Crystals of FORM IV were platy in 

habit. 

spectra of various forms was recorded and data is given in 

Table-IV. Aqueous solutions o f  various forms had different 

absorbance at same max. values. This observation was utilised in 

detrmination of number o f  solvent molecules. All the forms 

obtained were partial or complete solvates and hence, 

Pseudopolymorphs. 

The increase in water content was maximum in noncrystalline form 

and minimum in FORM 11. Various crystalline forms in increasing 

order of Hygroscopicity are : 

FORR I 1  < FORM I < FORR IV < FORR I 1 1  

Fig.6. shows the increase in moisture content vs R.H. 

and data is tabulated in Table-V. 

Results of equilibrium solubility measurement (Fig.7.) show that 

solubility of noncrystalline forms was higher than the 

crystalline forms. Crystalline forms in increasing order of 

solubility at 25+0.5OC are : 

at 2550.5OC 
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RANITIDINE-HCI CRYSTALS 1581 
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Increase in moisture content of various forms at different R.H. 
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H y s r o S C O p  icity data 

SAMPLE Amunt of misture No. of water molecules/ 
- 

absorbed in mg. drug molecule. 
~~ 

COMMERCIAL 
NONCRYS. 
FORM I 
FORM I1 
FORM I11 
MlRM IV 

353.0 
428.0 
279.0 
184.0 
313.0 
285.0 

6.90 
8.39 
5.47 
3.60 
6.13 
5.58 

.55  

iooo/T [ / O K  ] 

FIG. 7 

Equilibrium solubilities of various forms at different temperatures. 
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RANITIDINE-HCI CRYSTALS 1583 

S o l u b i l i t y  data 

- 
mRMs mNSITION TmPmATURE ( " C )  GIBB'S FREE ENERGY ("G) 

I to I1 
I to I11 
I to I V  
I11 to I1 
I11 to I V  
I V  to I1 

37.5 
42.4 
45.9 
35.0 
50.0 
33.2 

-152.770 
-013.685 
-028.253 
-121.234 
-014.567 
-387.690 

TABIE-VI I -- 
D.T.A. & T.G.A. data of S t a b i l i t y  a g a i n s t  rmisture 

SAMPLES INITIAL 31% R.f1. 478 R . I I .  

M.Pt.'C W t .  loss% M.Pt.'C W t .  loss?, M.I ' t .  ' C  WL. loss: 

COMlrlERCIAL 144.9 14.275 147.0 09.847 144.0 27.918 
NONCRYS . 119.0 11.764 145.1 22.648 144.2 21.135 
FORM I 134.8 11.327 139.5 12.385 140.7 21.787 
FORM I1 145.3 13.317 142.8 09.028 143.9 10.001 
FORM I11 135.7 15.649 139.5 10.0158 140.1 10.667 
FORM IV 141.5 29.536 140.1 12.136 1 4 0 . 2  12.557 

FORM I 1  < FORM IV < FORM I 1 1  < FORM I 

T h e  t r a n s i t i o n  t e m p c r a t u r e s  a n d  G i b b s  f r e e  e n e r g y  ( 4  G )  o b t a i n e d  

f r o m  s o l u b i l i t y  c u r v e s  a r e  g i v e n  i n  T a b l e - V I .  

K o s u l t n  o f  d e n s i 1 . y  m e a s u r e m e n t  a r e  g i v e n  i n  T a b l e - I .  

N o n c r y s t a l l . i n e  f o r m  has t h e  l o w e s t  d e n s i t y  w h i c h  i n d i c a t e s  l a c k  

o f  n r r lored  a r r a n ~ n m e n t .  C r y s t a l l i n e  f o r m s  i n  i n c r e a s i n g  o r d e r  o f  

d o n s i t i c r c  a t  25+0 .5 'C  a r e  : 

FORM I < FORM IV < FORM I 1 1  < FORM I 1  

STABILITY STUDIES : 

1 .  STAt3ILITY AGAINST MOISTURE : R e z u l t a  o t  U V  a n d  H P L C  a n a l y s i s  

o f  samples show t h a t  a l l  t h e  f o r m s  d e c o m p o s e  a b o v e  47:; R.H.  

R e s u l t s  of 1I .T.A.--T.G.A.  ( T a b l e - V I  I )  e x h i b i t  c h a n g e s  i n  m e l t i n g  
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1584 MADAN AND KAKKAR 

> 
I- 

u) 
z 
w 
I- 
z 

- 

- 
I COMMERCIAL 

FORM IV 

di 31 1 

F I G .  8 

X-Ray diffraction patterns of various forms at different R.H. 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

9/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



RANITIDINE-HCI CRYSTALS 1585 

TAEUIE-VIII -- 

D.T.A. A T.G.A. data of Stability against tanperatwe - --- 

SAMPLES INITIAL 25  OC 4 0 ' C  65 * C  

M.Pt.'C Wt.loss% M.Pt.'C Wt.loss% M.Pt.'C Wt.loss% M.Pt.'C Wt.loss 

COMMERCIAL 144.9 14.275 145.7 12.028 147 .3  09.875 132.4 11.756 
NONCRYS . 119.0  11.764 139.7 11.364 146 .1  15.728 136 .0  05.662 
FORM I 134.8 11.327 135.2 12.609 141.6 09.762 140 .1  13.870 
FORM I1 145.3  13.317 144.9 13.068 144.8 09.710 137.6 09.828 
FORM I11 135.7 15.644 136.3 15.662 144.2 11.023 142.0 14.072 
FORM I V  141.5 29.536 143 .9  21.787 146 .1  15.829 140.7 10 .001  

points of all the samples except FORM 1 1 .  X-RD patterns of 

various samples (Fig.8.) indicates changes in the polymorphic 

forms. Apparent peaks in the pattern of noncrystalline form 

suggest its transformation to crystalline state. FORM I 1  retains 

its crystal structure. All other forms exhibit loss in 

crystallinity on absorption o f  moisture.Various crystalline forms 

in increasing order of stability are : 

FORM I 1 1  < FORM IV < FORM I < FORM I 1  

2 .  STABILITY AGAINST TEMPERATURE : Sample? stored at 40&0.5°C and 

6550.5OC grew darker in colour and formed a coherent mass. 

Results of D.T.A.-T.G.A. (Table-VIII) show rise in melting point 

of noncrystalline form. This suggests its transformation to 

crystalline state. Depression in melting points was observed in 

samples kept at 65OC for 3 weeks. Various crystalline forms in 

increasing order of stability are : 

FORM I1 1  < FORM IV < FORM I < FORM I 1  

3.STABILITY AtiAINST COMPRESSION FORCE :Fig.9. shows X - R D  patterns 

of samples on compression at 4, 5 and 6 Tons of pressure. On 

increasina the force of compression peaks characteriatic of 

crystalline structure appeared in the pattern of noncrystalline 

form. Thin S U ~ R R S ~ S  that on compaction and consolidation, fusion 
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NONCRVS. 

- 4 T  

5 60 

2 8  DEGREES 

FIG. 9 
X-Ray diffraction patterns of various forms after compression at 

4, 5 and 6 tons. 
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?aBLE-M -- 

D.T.A. data of Stability against corrpression force 

SAMPLES MAGNITUDE OF COMPRESSION FORCE APPLIED 
0 TONS 4 TONS 5 TONS 6 TONS 
M.Pt."C M. Pt .O C M.Pt.OC M.Pt.'C 

NONCRYS , 119.0 143.1 143.5 147.1 
FORM I 134.8 141.3 143.8 144.9 
FORM I1 145.3 142.7 140.1 142.0 
FORM I11 135.7 146.1 144.5 145.9 
MRM I V  141.5 143.9 148.9 142. G 

of p a r t i c l e s  t a k e s  p l a c e  t h a t  r e s u l t s 3  i n  deve lopr !ment  of 

c r y s t a l l i n e  form. I n  FORM 1 peak a t  2 1 . 0 3 0  i n c r e a s e d  w i t h  

i n c r e a s e  i n  c o m p r e s s i o n  f o r c e .  I n  F O R M  I 1  peak  a t  2 5 . 9 6 0  

d i m i n i s h e d  w i t h  i n c r e a s e  i n   ompr press ion f o r c e .  FORM I 1 1  and F O R M  

IV show a t r u c t u r a l  d e f o r m a t i o n  on c o m p a c t i o n .  R e s u l t s  of D . T . A . -  

T . G . A .  ( T a b l e - 1 x 1  show a n  i n c r e a s e  i n  m c l t i n g  p o i n t s  o f  v a r i o u s  

f o r m s  w i t h  i n c r e a s e  i n  a p p l i e d  f o r c e  sug!ges t  c o n v e r s i o n s  t o  t h e  

s t a b l e  s t a t e .  

CONCLUSION 

A . l ' h o  c r y s t a l  f o r m s  o b t a i n e d  were  p s n u d o p o l y m o r p h s .  FORM I ,  I 1  

ant1 I 1 1  a r e  s o l v a t e s  of E t h a n o l ,  I s o p r o p a n o l  and M e t h a n o l  

r e s p e c t i v n l y  and  FORM 1 V  is a m o n o h y d r s t e .  

B.FORM I 1  i s  t h e  most s t a b l e  c r y s t a l l i n e  form and  a l l  t h e  o t h e r  

f o r m s  c o n v e r t  t.o FORM I 1  during s t o r a g e .  

C.HUMIDITY, TEMPERATURE & COIlPRESSION F O R C E  a f f e c t  t h e  c h e m i c a l  

as w e l l  as p o l y m o r p h i c  s t a b i l i t y  o f  v a r i o u s  f o r m s .  

D . T r a n s i t i o n  t e m p e r a t u r e s  f o r  v a r i o u s  f o r m s  fall i n  t h e  r a n g e  of 

37.5OC. S o ,  t h e  s t o r a g e  of d r u g  a t  R . H .  l e s s  t h a n  3 1 2  and a t  a 
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temperature less than 2 5 O C  ensures the polymorphic stability of 

the druo. 
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