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Abstract : Calcium oxalate monohydrate (CaC204.H20), calcium hydrogen phosphate 
dihydrate (CaHP04 2H20 )  and ammonium magnesium phosphate hexahydrate 
(NH4MgPC>4.6H20) are known to occur as major constitutents of urinary stones Experiments 
were carried out lor the gel growth of these crystals at various pH values (of the gel) and with 
different concentrations of the reactants Best conditions were thus established for the growth of 
the above crystals. They were characterized using single crystal X-ray diffraction studies, density 
measurements and IR absorption spectroscopic studies. The best conditions established for the 
gel growth of these urinary crystals were useful later for studies with some new inhibitors and 
promoters for crystal growth
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PACS Nos. : 81 10 Dn, 81.20.Fw, 87.90 +y

1. Introduction
More than 99% of the human urinary calculi (stones) are composed of crystalline 
substances. Most of these are present in nature and known as minerals and consequently the 
urologists very often indicate them with their mineralogic names. However, they may be 
divided into two fundamental classes of stones : the first includes organic substances and 
the second a large percentage of inorganic substances. These substances are : calcium 
oxalate, calcium hydrogen phosphate, ammonium magnesium phosphate, magnesium 
phosphate, calcium carbonate, calcium sulfate, uric acid, urates of ammonium, sodium, 
potassium, calcium and magnesium, hippuric acid, cystine, cholesterol, xanthine and 
bilirubin. Calcium oxalate (both monohydrate and dihydrate) is the major component
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(about 80%) of the urinary stones. Phosphates account for 15 to 20% and urates, cystine 
etc. form the remaining small percentage (< 5%). Hence, the growth of oxalates and 
phosphates alone were taken up in our present work.

In India, very little work has been done on the formation and prevention of urinary 
stones. Systematic studies in crystal growth of the urinary stone components and screening 
of possible substances which could act as inhibitors or promoters could yield useful results 
which may become panacea to patients suffering from urinary stones. In the present work, 
the gel technique has been used for the growth of the crystals. Some earlier reports [1-3] 
exist on the crystal growth of the above substances. However, a systematic study was 
necessary since the best conditions obtained for the crystal growth could further be used for 
the control experiments while carrying out studies with inhibitors or promoters for crystal 
growth. This is the ultimate aim of the present research project [4].

The best conditions were determined for the gel growth of (i) calcium oxalate 
monohydrate (COM), (ii) calcium hydrogen phosphate dihydrate (CHP) and (iii) 
ammonium magnesium phosphate hexahydrate (AMP). The above conditions include the 
pH of the gel and the concentration of the reactants. Later on, experiments carried out under 
these best conditions were used as control while carrying out experiments for studying the 
inhibitory or promotery effects of various substances (to be described in the subsequent 
parts of this series of papers).

2. G el g ro w th  o f  crysta ls

Since the substances taken up for growth are mostly insoluble in water, the usual solution 
method of crystal growth will not be useful. The gel technique [5] is an useful alternative 
for such substances. The gel medium prevents turbulence, remain chemically inert and 
provides a three-dimensional structure which permits the reactants to diffuse at a controlled 
rate. Also, the softness of gel and the uniform nature of constraining forces that it exerts 
upon the growing crystals promote orderly growth. Further, the viscous nature of the gel 
and growth experiments conducted at room temperature etc. simulate the human 
physiological conditions.

In the present work, silica gel prepared from an aqueous solution of sodium 
metasilicate (specific gravity = 1.06 g/cm3), was used as growth media. U-tubes (of size : 
14.0 X 1.75 cm2) and test tubes (of size : 15.0 x 2.5 cm2) were used as the crystallization 
vessels.

The pH of the gel medium and the concentrations of the reactants were varied to 
arrive at the best conditions for the crystal growth. At these conditions, the number of 
crystals coming up should neither be very few nor too many. Also, the crystals obtained 
should be transparent, of reasonable size and have well-defined morphology.

2.7. Growth of calcium oxalate monohydrate :

The pH of the gel solution was reduced by using diluted acetic acid. The solution was 
transferred to an U-tube and allowed to set. Then, an aqueous solution of calcium chloride



( C a C l 2 - 2 H 2 0 )  w a s  p o u r e d  i n t o  o n e  o f  t h e  l i m b s  a n d  a n  a q u e o u s  s o l u t i o n  o f  o x a l i c  a c i d  

( C 2 H 2 0 4 - 2 H 2 0 )  i n  t h e  o t h e r  l i m b  o f  t h e  U - t u b e .  T h e s e  r e a c t a n t s  d i f f u s e  t h r o u g h  t h e  g e l  

m e d i u m  a n d  f o r m  t h e  p r o d u c t ,  viz. , c a l c i u m  o x a l a t e  m o n o h y d r a t e ,  w h i c h  a p p e a r s  a s  c r y s t a l s  

a t  t h e  o x a l i c  a c i d - g e l  i n t e r f a c e .  T h e  c r y s t a l  g r o w t h  w i l l  b e  c o m p l e t e d  i n  a b o u t  2 0  d a y s .  T h e  

a b o v e  e x p e r i m e n t s  w e r e  r e p e a t e d  a t  d i f f e r e n t  p H  v a l u e s  ( o f  t h e  g e l ) ,  i n  t h e  r a n g e  4 . 5  t o  6 . 5  

a n d  a t  d i f f e r e n t  c o n c e n t r a t i o n s  o f  o x a l i c  a c i d  a n d  c a l c i u m  c h l o r i d e  ( 0 . 5  M  t o  2 . 0  M ) .  

C r y s t a l s  w e r e  o b t a i n e d  i n  t h e  e n t i r e  p H  r a n g e  o f  4 . 5  t o  6 . 5 .  B u t ,  t r a n s p a r e n t  r e c t a n g u l a r  

p l a t e s  o f  r e a s o n a b l e  s i z e s  a n d  g o o d  m o r p h o l o g y  w e r e  o b t a i n e d  o n l y  a t  p H  o f  5 . 5 ,  w h i l e  

u s i n g  a q u e o u s  s o l u t i o n s  o f  1 M  o x a l i c  a c i d  a n d  1 M  c a l c i u m  c h l o r i d e  ( s e e  T a b l e  1 ) .

Table 1. Summary of the best conditions established for the crystal growth of some urinary 
stone ciystals.
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Chemical
substance

Apparatus
used

pH of 
the gel

Chemical 
incorporated 
in gel

Reactants 
and their 
concentration

Transparency, shape 
and approximate size 
(mm x mm x mm) 
of crystals

Calcium
oxalate
monohydrate

U-tube 5.5 Acetic acid 1 M oxalic acid 
and 1 M calcium 
chloride

Transparent
plates;
7 x5x 1

Calcium
hydrogen
phosphate
dihydrate

Test tube 6.0 Orthophospho
ric acid

1 M calcium 
chloride

Transparent 
long needles; 
10 x2x 1

Ammonium
magnesium
phosphate
hexahydrate

Test tube 7.2 1.5 M ammonium
dihydrogen
phosphate

1.5 M magnesium 
acetate

Transparent
plates.
5 x3x 2

2 . 2 .  Growth of calcium hydrogen phosphate dihydrate :

A  p o r t i o n  o f  t h e  g e l  s o l u t i o n  w a s  t a k e n  i n  a  b e a k e r  a n d  i t s  p H  r e d u c e d  t o  t h e  d e s i r e d  v a l u e  

b y  a d d i n g  s u i t a b l e  q u a n t i t i e s  o f  d i l u t e d  o r t h o p h o s p h o r i c  a c i d .  T h e n ,  t h i s  w a s  t r a n s f e r r e d  t o  

a  t e s t  t u b e .  A f t e r  g e l a t i o n ,  a n  a q u e o u s  s o l u t i o n  o f  c a l c i u m  c h l o r i d e  w a s  l a y e r e d  o n  t h e  t o p  

o f  t h e  g e l .  I n  a  f e w  d a y s ,  L i e s e g a n g  r i n g s  w e r e  f o r m e d  a n d  t h e  c r y s t a l s  o f  C H P  s t a r t e d  

g r o w i n g .  T h e  c r y s t a l  g r o w t h  w a s  c o m p l e t e  i n  a b o u t  2 0  d a y s .  T h e  a b o v e  e x p e r i m e n t s  w e r e  

r e p e a t e d  a t  d i f f e r e n t  p H  v a l u e s  ( i n  t h e  r a n g e  4 . 5  t o  7 . 3 )  o f  t h e  g e l  a n d  a t  d i f f e r e n t  

c o n c e n t r a t i o n s  o f  t h e  a q u e o u s  c a l c i u m  c h l o r i d e  s o l u t i o n  ( 0 . 5  M  t o  1 . 5  M ) .  A l t h o u g h  

c r y s t a l s  w e r e  o b t a i n e d  i n  t h e  p H  r a n g e  o f  5 . 0  t o  7 . 0 ,  o p t i m u m  n u c l e a t i o n  d e n s i t y  a n d  h e n c e  

g o o d  t r a n s p a r e n t  l o n g  n e e d l e s  w e r e  o b t a i n e d  o n l y  a t  a  p H  o f  6 . 0  w h i l e  u s i n g  c a l c i u m  

c h l o r i d e  o f  c o n c e n t r a t i o n  : 1 M  ( s e e  T a b l e  1 ) .

2.3. Growth of ammonium magnesium phosphate hexahydrate :

A  p o r t i o n  o f  t h e  g e l  s o l u t i o n  w a s  t a k e n  i n  a  b e a k e r .  I t s  p H  w a s  r e d u c e d  t o  t h e  d e s i r e d  v a l u e  

b y  a d d i n g  s u i t a b l e  q u a n t i t i e s  o f  a n  a q u e o u s  s o l u t i o n  o f  a m m o n i u m  d i h y d r o g e n  p h o s p h a t e .  

T h e n ,  t h e  s o l u t i o n  w a s  t r a n s f e r r e d  t o  a  t e s t  t u b e .  A f t e r  g e l a t i o n ,  a n  a q u e o u s  s o l u t i o n  o f
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m a g n e s i u m  a c e t a t e  w a s  l a y e r e d  o n  t h e  t o p  o f  t h e  gel. T h i s  e x p e r i m e n t  w a s  r e p e a t e d  a t  

d i f f e r e n t  p H  v a l u e s  ( i n  t h e  r a n g e  5 . 0  t o  8 . 0 )  o f  t h e  g e l  a n d  u s i n g  m a g n e s i u m  a c e t a t e  

solutions o f  various concentrations ( 0 . 5  M  t o  1 .5  M ) .  Single crystals of A M P  w e r e  obtained 
i n  t h e  e x p e r i m e n t s  c o n d u c t e d  i n  t h e  p H  r a n g e  5 . 5  t o  8 . 0 .  B u t ,  o n l y  a t  a  p H  o f  7 . 2  a n d  b y  

u s i n g  a q u e o u s  s o l u t i o n s  o f  1 . 5  M  ( b o t h  a m m o n i u m  d i h y d r o g e n  p h o s p h a t e  a n d  m a g n e s i u m  

a c e t a t e )  t r a n s p a r e n t  p l a t e s  o f  A M P  o f  o p t i m u m  n u m b e r  a n d  o f  r e a s o n a b l e  s i z e s  c o u l d  b e  

o b t a i n e d  ( s e e  T a b l e  1 ) .  T h e  c r y s t a l s  e x h i b i t  d i f f e r e n t  m o r p h o l o g i e s  s u c h  a s  w e d g e - s h a p e d ,  

r e c t a n g u l a r  a n d  p r i s m a t i c  p l a t e s .  T h e y  a r e  c o l o u r l e s s  b u t  s o m e t i m e s  y e l l o w i s h  o r  w h i t e  a n d  

c h a l k y .  T h e  b e s t  c o n d i t i o n s  e s t a b l i s h e d  f o r  t h e  c r y s t a l  g r o w t h  o f  C O M ,  C H P  a n d  A M P  a r e  

s u m m a r i s e d  i n  T a b l e  1 .  P h o t o g r a p h s  o f  t h e  g r o w n  c r y s t a l s  a r e  s h o w n  i n  F i g u r e s  1 - 3 .

3. Experimental studies on the grown crystals

T h e  c r y s t a l s  g r o w n  m u s t  b e  e x a m i n e d  b y  s o m e  e x p e r i m e n t a l  t e c h n i q u e s  t o  e s t a b l i s h  t h e i r  

i d e n t i t y  a n d  a l s o  t h e i r  s i n g l e - c r y s t a l l i n i t y .  X - r a y  d i f f r a c t i o n  s t u d i e s  o n  s i n g l e  c r y s t a l s ,  

m e a s u r e m e n t  o f  t h e  d e n s i t y  o f  t h e  c r y s t a l s  a n d  I R  a b s o r p t i o n  s p e c t r o s c o p i c  s t u d i e s  w e r e  

c a r r i e d  o u t .

3.1, X-ray studies of the grown crystals :

T h e  c r y s t a l s  g r o w n  a r e  o f  k n o w n  c h e m i c a l  s u b s t a n c e s  a n d  h e n c e  t h e i r  c e l l  c o n s t a n t s  

a r e  r e a d i l y  a v a i l a b l e .  H e n c e ,  i t  w a s  p l a n n e d  t o  c h e c k  a t l e a s t  a n y  o n e  o f  t h e  c e l l s  

o f  e a c h  s u b s t a n c e ,  s o  t h a t  t h e  c r y s t a l s  g r o w n  c o u l d  b e  c h a r a c t e r i z e d .  T h e  X - r a y  o s c i l l a t i o n

Table 2. Crystallographic data for the grown single crystals

Calcium oxalate 
monohydrate

Calcium hydrogen 
phosphate dihydrate

Ammonium magnesium 
phosphate hexahydrate

Chemical
formula

CaHP042H20 hH4MgP04.6H20

Molecular
Weight

146.12 172.09 245.41

Crystal
system

Monoclinic Monoclinic Orthoihombic

a ( A ) 6.24 5.812(2) 6.941 (2)

b(A ) 14.58 15.180(3) 6.137 (2)

c ( A ) 9.89 6.239(2) 11.199(4)

P 107 116.41 (3) 90.0

Space group p2iA la Pmn21

Number of 
molecules/ 
unit cell

8 4 2

Reference 17] [8] pi
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Figure 1. Photograph 
of gel grown crystals 
of calcium oxalate 
monohydrate.

Figure 2. Photograph 
of gel grown crystals 
of calcium hydrogen 
phosphate dihydrate.

Figure 3. Photograph 
of gel grown crystals of 
ammonium magnesium 
phosphate hexahydrate.
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p h o t o g r a p h s  w i l l  a l s o  h e l p  t o  c h e c k  t h e  c r y s t a l l i n e  q u a l i t y .  T h e r e f o r e ,  p r e l i m i n a r y  

o s c i l l a t i o n  p h o t o g r a p h s  w e r e  r e c o r d e d  b y  m o u n t i n g  t h e  c r y s t a l s  a l o n g  o n e  o f  t h e  a x e s .  B y  

m e a s u r i n g  t h e  l a y e r  l i n e  s e p a r a t i o n ,  t h e  c e l l  c o n s t a n t  a l o n g  t h e  a x i s  o f  r o t a t i o n  w a s  

d e t e r m i n e d  [ 6 ] .  T h e  v a l u e s  o f  t h e  c e l l  c o n s t a n t s  o b t a i n e d  w e r e  c o m p a r e d  w i t h  t h e  a v a i l a b l e  

c r y s t a l l o g r a p h i c  d a t a  ( T a b l e  2 )  f o r  t h e s e  s u b s t a n c e s  [ 7 —9 ] ,  a n d  f o u n d  t o  a g r e e  w e l l .  T h u s ,  

t h e  g r o w n  c r y s t a l s  w e r e  c h a r a c t e r i z e d .  T h e  X - r a y  o s c i l l a t i o n  p h o t o g r a p h s  c o n t a i n e d  w e l l -  

d e f i n e d  s p o t s  o f  u n i f o r m  i n t e n s i t y  s h o w i n g  t h a t  t h e  c r y s t a l s  a r e  s i n g l e  c r y s t a l s  o f  g o o d  

q u a l i t y  [ 1 0 ] .

3.2. Measurements of the density of the crystals :

T h e  d e n s i t y  o f  t h e  c r y s t a l  w a s  d e t e r m i n e d  u s i n g  t h e  f l o a t a t i o n  m e t h o d .  B r o m o f o r m  ( d e n s i t y  

=  2 . 8 9  g m / c c )  a n d  c a r b o n  t e t r a c h l o r i d e  ( d e n s i t y  =  1 . 5 9  g m / c c )  w e r e  u s e d  f o r  t h e  

e x p e r i m e n t s .  T h e  v a l u e s  o f  t h e  d e n s i t i e s  d e t e r m i n e d  f o r  t h e  c r y s t a l s  o f  C O M ,  C H P  a n d  

A M P  a r e  2 . 2 1 ,  2 . 2 9  a n d  1 . 6 9  g m / c c  ( a l l  v a l u e s  w i t h  a n  e s d  o f  0 . 0 2  g m / c c )  r e s p e c t i v e l y .  T h e  

e x p e c t e d  v a l u e s  o f  d e n s i t i e s  a r e  2 . 2 0 ,  2 . 3 1  a n d  1 . 7 1  g m / c c  r e s p e c t i v e l y  [ 1 1 ] .  T h e r e  i s  g o o d  

a g r e e m e n t  b e t w e e n  t h e  m e a s u r e d  a n d  t h e  s t a n d a r d  v a l u e s ,  c o n f i r m i n g  t h e  i d e n t i t y  o f  t h e  

s u b s t a n c e s .

3.3. Infra-red spectra of the grown crystals :

T h e  I R  s p e c t r a  o f  t h e  g r o w n  c r y s t a l s  w e r e  r e c o r d e d  i n  K B r  p h a s e  i n  t h e  r e g i o n  4 0 0 - 4 0 0 0  

c m - 1 , u s i n g  a  P e r k i n - E l m e r  ( M o d e l  5 7 7 )  g r a t i n g  i n f r a - r e d  s p e c t r o p h o t o m e t e r .  T h e  s p e c t r a  

w e r e  u s e f u l  t o  c o n f i r m  ( i )  t h e  i d e n t i t y  o f  t h e  c r y s t a l s ,  ( i i )  t h e  p r e s e n c e  o f  w a t e r  m o l e c u l e s  i n  

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

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

t h e  l a b o r a t o r y .  T h e  s p e c t r a  w e r e  f o u n d  t o  b e  i d e n t i c a l .  H e n c e ,  t h e  c r y s t a l s  c o u l d  b e  

c h a r a c t e r i z e d  a s  C O M ,  C H P  a n d  A M P  c r y s t a l s .  F u r t h e r ,  i t  w a s  f o u n d  t h a t  t h e  p e a k s  d u e  t o  

s o d i u m  m e t a s i l i c a t e  w e r e  a b s e n t  w h e n  c o m p a r e d  w i t h  t h e  s p e c t r a  r e c o r d e d  f o r  t h e  d r i e d  g e l ,  

i n d i c a t i n g  t h e  a b s e n c e  o f  g e l  i n c l u s i o n  i n  t h e  g r o w n  c r y s t a l s .  I n  h y d r a t e d  c r y s t a l l i n e  s a l t s ,  

t h e  a b s o r p t i o n  m a x i m a  a t  3 3 0 0  c m ” 1 i s  d u e  t o  O - H  s t r e t c h i n g .  I t  i s  m o s t  a n h a r m o n i c  a n d  

h e n c e  u s u a l l y  b r o a d  a t  r o o m  t e m p e r a t u r e .  T h e  a b s o r p t i o n  m a x i m a  a t  1 7 0 0  c m -1  i s  d u e  t o  

O - H  d e f o r m a t i o n ,  w h i c h  i s  g e n e r a l l y  v e r y  w e a k  a n d  h e n c e  n o t  u s a l l y  o b s e r v e d .  T h e  

a b s o r p t i o n  m a x i m a  i n  t h e  r e g i o n  9 0 0 - 5 0 0  e n r 1 i s  d u e  t o  H 20  m o l e c u l a r  m o t i o n  ( l i b r a t i o n )  

w h i c h  i s  a l s o  g e n e r a l l y  w e a k  [ 1 2 ] .  T h e  p r e s e n c e  o f  a b s o r p t i o n  b a n d s  a t  a b o u t  3 3 0 0  c m ” 1 i n  

t h e  I R  s p e c t r a  o f  a l l  t h e  t h r e e  c o m p o u n d s  c o n f i r m e d  t h e  p r e s e n c e  o f  w a t e r  m o l e c u l e s  i n  t h e  

c r y s t a l s  g r o w n .

4. Studies with inhibitors and promoters

I n h i b i t o r s  a r e  u s e f u l  t o  r e t a r d  o r  p r e v e n t  t h e  g r o w t h  o f  t h e  c r y s t a l s  w h e r e a s  p r o m o t e r s  

i n c r e a s e  t h e  g r o w t h  r a t e .  C r y s t a l  g r o w t h  s t u d i e s  h a v e  b e e n  m a d e  b y  i n c o r p o r a t i n g  s e v e r a l  

s u b s t a n c e s  ( p l a n t ,  f r u i t  a n d  c e r e a l  e x t r a c t s ,  c h e m i c a l s  etc.) i n  t h e  g e l  m e d i u m  u s e d  f o r
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c r y s t a l  g r o w t h .  T h e  r e s u l t s  w e r e  c o m p a r e d  w i t h  t h e  c o n t r o l  e x p e r i m e n t  a n d  c o n c l u s i o n s  

d e r i v e d  r e g a r d i n g  t h e  e f f e c t  o f  t h e  s u b s t a n c e  i n c o r p o r a t e d .  T h e s e  d e t a i l s  a r e  d e a l t  w i t h  i n  

t h e  s u b s e q u e n t  p a r t s  o f  t h i s  s e r i e s  o f  p a p e r s .

5. Conclusions

F r o m  s y s t e m a t i c  i n v e s t i g a t i o n s  o n  t h e  g e l  g r o w t h  o f  t h e  a b o v e  c r y s t a l s ,  b e s t  c o n d i t i o n s  

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

r a y  o s c i l l a t i o n  p h o t o g r a p h s ,  d e n s i t y  m e a s u r e m e n t s  a n d  I R  s p e c t r a  w e r e  u s e d  t o  c h a r a c t e r i z e  

t h e  c r y s t a l s  g r o w n .  T h e  a b o v e  s t a n d a r d i s a t i o n  o f  t h e  c o n d i t i o n s  o f  t h e  c r y s t a l  g r o w t h  w e r e  

u s e f u l  i n  t h e  f u r t h e r  w o r k  o n  c r y s t a l  g r o w t h  w i t h  s e v e r a l  i n h i b i t o r s  a n d  p r o m o t e r s .
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