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ABSTRACT 

A l p h a - l a c t o s e  monohydra te  m o n o c r y s t a l s  were grown f r o m  

s u p e r s a t u r a t e d  s o l u t i o n  i n  a g a r  g e l  and t h e  anhydrous  form was 

p r e p a r e d  by r e f l u x i n g  t h e  monohydra te  c r y s t a l s  i n  s p e c i a l l y  - 
d r i e d  methanol .  The c o m p r e s s i o n  c h a r a c t e r i s t i c s  o f  t h e  s i n g l e  

c r y s t a l s  were a s s e s s e d  i n  two ways - by i n d e n t a t i o n  t e s t i n g  and 

by t h e  u s e  o f  a n o v e l  s i n g l e - c r y s t a l  c o m p r e s s i o n  r i g ,  

I n d e n t a t i o n  t e s t i n g  showed t h a t  t h e  a n h y d r o u s  c r y s t a l s  are  

much s o f t e r ,  l e s s  e l a s t i c  and have  a l o w e r  r e s i l i e n c e  t h a n  t h e  

monohydra te  c r y s t a l s ,  The anhydrous  c r y s t a l s  are a l s o  much l e s s  

a n i s o t r o p i c ,  i.e. t h e y  show g r e a t e r  s i m i l a r i t y  i n  t h e  p r o p e r t i e s  

of  t h e i r  f a c e s .  

The c r u s h i n g  s t r e n g t h  r i g  produced stress - s t r a i n  d a t a  and 

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

The anhydrous  c r y s t a l s  w i t h s t o o d  a l o w e r  maximum r e c o r d e d  l o a d ,  
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2110 WONG, WRIGHT, AND AULTON 

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

t h u s  r e q u i r e d  less work t o  b r e a k  t h a n  t h e  c o r r e s p o n d i n g  

monohydra te  c r y s t a l .  

pronounced s p l i t t i n g  and f r a g m e n t a t i o n  ( s p a l l i n g )  t h a n  t h e  

anhydrous  ones  which tend  t o  c r u s h  by g r a d u a l  l o c a l i s e d  c r a c k i n g  

a t  t h e  p o i n t  o f  c o n t a c t ,  

The monohydra te  c r y s t a l s  undergo  much m o r e  

Data on  t h e  d e f o r m a t i o n  o f  s i n g l e  c r y s t a l s  c a n  b e  used  t o  

e x p l a i n  o b s e r v a t i o n s  made on t h e  b u l k  c o m p r e s s i o n  o f  d i f f e r e n t  

t y p e s  o f  l a c t o s e .  

INTRODUCTION 

There  i s  an i n c r e a s i n g  a w a r e n e s s  o f  t h e  need t o  u n d e r s t a n d  

t h e  d e f o r m a t i o n  and bonding c h a r a c t e r i s t i c s  o f  s i n g l e  p a r t i c l e s  

and c r y s t a l s  and how t h e s e  p r o p e r t i e s ,  i n  t u r n ,  i n f l u e n c e  t h e  

b u l k  b e h a v i o u r a l  p r o p e r t i e s  o f  a compact  as  a w h o l e  ( s e e ,  f o r  

example,  Humbert-Oroz e t  al.' and H u t t e n r a u c h  . 2 

The work p r e s e n t e d  h e r e  i s  p a r t  o f  a s t u d y  t o  examine  t h e  

m e c h a n i c a l  b e h a v i o u r  o f  a r a n g e  o f  s i n g l e  c r y s t a l s  of  pharma- 

c e u t i c a l  i n t e r e s t .  S p e c i f i c a l l y ,  t h i s  p r e s e n t  work c o m p a r e s  t h e  

d e f o r m a t i o n  c h a r a c t e r i s t i c s  o f  monocrys ta l  s o f  a lpha-1  ac t o s e  

monohydrate  and anhydrous  a l p h a - l a c t o s e .  L a c t o s e ,  a commonly- 

used t a b l e t  d i l u e n t ,  h a s  a d v a n t a g e s  f o r  t h i s  t y p e  o f  work i n  t h a t  

s i n g l e  p a r t i c l e s  o f  a n  e a s i l y - m a n i p u l a t a b l e  s i z e  c a n  b e  produced  

i n  an  amorphous form and i n  a r a n g e  o f  c r y s t a l l i n e  f o r m s  w i t h  

v a r i o u s  c r y s t a l  h a b i t s .  

t h e  f o r m a t i o n  o f  t h e  v a r i o u s  s o l i d  f o r m s  o f  l a c t o s e  from 

s o l u t i o n .  I n  a d d i t i o n ,  numerous w o r k e r s ,  n o t a b l y  L e r k  e t  a l .  , 
have shown how t h e s e  v a r i o u s  f o r m s  o f  l a c t o s e  i n f l u e n c e  b u l k  
mu1 t i p a r t i c u l a t e  p e r f o r m a n c e  d u r i n g  t a b l e t  c o m p r e s s i o n .  

have shown t h a t  t h e  anhydrous  material  b e h a v e s  d i f f e r e n t l y  t o  t h e  

monohyd ra te d u r i n g  t a b 1  e t  t ing.  

The scheme o f  Vromans e t  al.3 s u m m a r i s e s  
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ALPHA-LACTOSE MONOHYDRATE MONOCRYSTALS 2111  

I n  t h i s  p r e s e n t  work, a l p h a - l a c t o s e  monohydrate monocrys t a l s  

were grown from s u p e r s a t u r a t e d  s o l u t i o n  i n  a g a r  gel  and t h e  

anhydrous form was prepared  by r e f l u x i n g  t h e  monohydrate c r y s t a l s  

i n  s p e c i a l l y - d r  i e d  methanol.  

The compress ion  c h a r a c t e r i s t i c s  o f  t h e  s i n g l e  c r y s t a l s  were 

a s s e s s e d  i n  two ways, F i r s t l y  by i n d e n t a t i o n  ha rdness  t e s t i n g  

us ing  t h e  a p p a r a t u s  and t echn ique  d e s c r i b e d  by Aul ton ,  Houghton 

and Wells5, and secondly  u s i n g  a novel  s i n g l e - c r y s t a l  compress ion  

r i g .  

MATERIALS 

Lac tose  monohydrate (Sigma) was used f o r  t h i s  work. 

Monocrys t a l s  o f  a l p h a - l a c t o s e  monohydrate were grown by a n  agar-  

g e l  suspens ion  t echn ique  (Wong and Aulton)  . T h i s  c o n s i s t s  of  

forming  a s a t u r a t e d  s o l u t i o n  a t  60°C i n  a 0.7% aqueous a g a r  

s o l u t i o n .  The s o l u t i o n  was cooled  t o  35°C t o  g e l  t h e  aga r  and 

t h e  c o r r e c t  s u p e r s a t u r a t i o n  was ach ieved  by warming t o  39°C. 

Th i s  t echn ique  e n s u r e s  t h a t  t h e  c r y s t a l s  grow i n  i s o l a t i o n  t o  

form a range  of  m a c r o s c o p i c a l l y  wel l - formed c r y s t a l  h a b i t s  and 

s i z e s .  

6 

The anhydrous c r y s t a l s  were formed by r e f l u x i n g  monohydrate 

c r y s t a l s  i n  s p e c i a l l y - d r i e d  methanol  (BDH) (50ml p e r  l g  o f  

c r y s t a l s )  a t  64°C f o r  1 hour .  The r e s u l t i n g  c r y s t a l s  r e t a i n e d  

t h e  same macroscopic  d imens ions  as  t h e i r  p a r e n t  monohydrate  

c r y s t a l  bu t  were devoid  of water of  c r y s t a l l i z a t i o n  and had a 

more opaque appearance  and a rougher  su r face .  The anhydrous 

c r y s t a l s  a re  s t a b l e  a t  ambien t  a t m o s p h e r i c  c o n d i t i o n s .  
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2112 WONG, WRIGHT, AND AULTON 

METHODS 

I n d e n t a t i o n  T e s t i n g  

A computer - in  t e r f a c e d  m i c r o  i n d e n t a t i o n  a p p a r a t u s  was used.  

T h i s  was developed  by Aulton,  Houghton and Wells5 and c o n s i s t s  of  

t h e  I C I  p n e u m a t i c  m i c r o i n d e n t a t i o n  a p p a r a t u s ’  f r o m  which t h e  

p n e u m a t i c  a m p l i f i e r  and c h a r t  r e c o r d e r  had b e e n  removed and 

r e p l a c e d  w i t h  a n  LVDT sys tem.  The c o r e  o f  t h e  t r a n s d u c e r  i s  

f i t t e d  t o  t h e  beam o f  t h e  i n d e n t e r  and t h e  body t o  t h e  s t a t i c  

framework.  The c o r e  moves w i t h  t h e  i n d e n t e r  t i p  a l l o w i n g  

a c c u r a t e  q u a n t i f i c a t i o n  o f  i n d e n t e r  p e n e t r a t i o n  i n t o  t h e  

c r y s t a l s .  The LVDT o u t p u t  i s  s e n t  t o  a m o d i f i e d  ana logue- to-  

d i g i t a l  c o n v e r t e r  i n  a BBC microcomputer  which e n a b l e s  d e p t h  

v e r s u s  t ime p r o f i l e s  t o  b e  l o g g e d  and s t o r e d .  A s u i t e  o f  

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

p a r a m e n t e r s .  The a p p a r a t u s  was m o d i f i e d  f u r t h e r  f o r  t h e  s p e c i f i c  

n e e d s  o f  s i n g l e  c r y s t a l  d e f o r m a t i o n  by f i t t i n g  a u n i v e r s a l l y -  

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

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

t h e  l a c t o s e  c r y s t a l s ,  see F i g u r e  1. 

I n  t h i s  work, a l o a d  of 30g was l o w e r e d  o n t o  a s p h e r i c a l  

i n d e n t e r  o f  0.68mm diameter f o r  150 seconds .  Recovery  o f  t h e  

i n d e n t a t i o n  a f t e r  l o a d  removal  was f o l l o w e d  f o r  a f u r t h e r  150 

seconds .  

Crushing  S t r e n g t h  A p p a r a t u s  

T h i s  a p p a r a t u s  ( s e e  F i g u r e  2 )  c o n s i s t s  o f  two p l a t e n s ;  o n e  

of which i s  s t a t i c  and i s  a t t a c h e d  t o  a 50N l o a d  t r a n s d u c e r  

(Manwood I n s t r u m e n t s ,  t y p e  U4000). The second p l a t e n  i s  movable  

and i s  d r i v e n  by a motor  a t  a wide  range of p o s s i b l e  s t r a i n  ra tes  
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FIGURE 1 

Un i v e r  s a l l y  - Jo i n  t ed C r y s t a l  Mounting 

i 50N bad cd 

I 

Rigid frame 

FIGURE 2 

The Monocrystal  Crushing/Bonding R ig  
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2114 WONG , WRIGHT, AND AULTON 

(13.3Pm s-l was used i n  t h i s  work). 

h o l d e r  i s  mounted i n  t h e  moveable  p l a t e n .  S i n g l e  c r y s t a l s ,  

be tween  1 and 6mm i n  l e n g t h ,  c a n  b e  mounted on t h e  c r y s t a l  h o l d e r  

i n  any  d e s i r e d  o r i e n t a t i o n .  A s  c r u s h i n g  i s  p e r f o r m e d  a f o r c e -  

d i s p l a c e m e n t  g r a p h  i s  o b t a i n e d .  A t  t h e  same time t h e  c r u s h i n g  is  

v iewed down a 20x m a g n i f i c a t i o n  t r i n o c u l a r  s t e r e o s c o p i c  micro-  

scope  (Nikon SMZ-10). The s a m p l e ,  i l l u m i n a t e d  by a twin-beam 

f i b r e - o p t i c  l i g h t  s o u r c e ,  i s  photographed  t h r o u g h  t h e  m i c r o s c o p e  

a t  r e g u l a r  time i n t e r v a l s  b y  a 35mm SLR camera c o n t r o l l e d  by a 

m o t o r  d r i v e  and t i m e  c o n t r o l l e r  (Olympus OM sys tem) .  The f o r c e -  

d i s p l a c e m e n t  c u r v e  and c o n c u r r e n t  p h o t o g r a p h i c  e v i d e n c e  e n a b l e  

t h e  s e q u e n c e  of d e f o r m a t i o n  t o  be fo l lowed.  I t  i s  a l s o  p o s s i b l e  

t o  r e v e r s e  t h e  d i r e c t i o n  o f  t h e  m o t o r  a t  a n y  t ime so t h a t  t h e  

s t r e n g t h  of  t h e  bonds so  formed c a n  be  q u a n t i f i e d .  S i n g l e  

c r y s t a l s  can  a l s o  b e  mounted on  t h e  s t a t i c  p l a t e n  i n  a n y  d e s i r e d  

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

An i n t e r c h a n g e a b l e  c r y s t a l  

RESULTS 

I n d e n t a t i o n  R e s u l t s  

T a b l e  1 s u m m a r i s e s  t h e  r e s u l t s  o f  t h e  m e c h a n i c a l  p r o p e r t i e s  

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

t h e  c r y s t a l s .  The r e s u l t s  f o r  two c r y s t a l  f a c e s  are  shown below.  

The c o e f f i c i e n t  o f  v a r i a t i o n  o f  t h e  t e s t  d a t a  i s  t y p i c a l l y  b e t -  

ween 15% and 20%. F i g u r e  3 d e f i n e s  t h e  Miller i n d i c e s  o f  a l p h a -  

l a c t o s e  c r y s t a l s .  

The above  r e su l t s  show t h a t  t h e  anhydrous  c r y s t a l s  a r e  much 

s o f t e r ,  l ess  e l a s t i c  and have a l o w e r  resil ience t h a n  t h e  mono- 

h y d r a t e  c r y s t a l s .  The anhydrous  c r y s t a l s  a r e  a l s o  much less  

a n i s o t r o p i c ,  i.e. t h e y  show g r e a t e r  s i m i l a r i t y  i n  t h e  p r o p e r t i e s  

o f  t h e  two f a c e s  t e s t e d .  
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ALPHA-LACTOSE MONOHYDRATE MONOCRYSTALS 2115 

TABLE 1 

Mechanica l  P r o p e r t i e s  of M o n o c r y s t a l s  of Alpha-Lactose 
Monohyd ra te  and An hydrous Alpha-Lac t o  se d e t e r m i n e d  by I n d e n t a t i o n  

C r y s t a l  Type C r y s t a l  

F a c e  

( M i l l e r  

I n d e x )  

Alpha-Lac t o  se 

Monohydra t e  

( 0  1 1 ) 

(1 1 0 ) 

Anhydrous ( 0 1  1) 

Alpha-Lac t o s e  (1 1 0 )  

Brine11 Elas t ic  E l a s t i c  Number 

H a r d n e s s  Modulus Q u o t i e n t  o f  T e s t s  

( M P 4  (GPa) 

66.7 1.52 

43.3 0.83 

29.9 0.87 

25.6 0.75 

/ 

/c-axis 

FIGURE 3 

0.84 2 0  

0.80 2 0  

0 . 4 4  3 0  

0.40 1 7  

Alpha-Lactose Monohydrate C r y s t a l  showing Miller Face I n d i c e s  
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WONG, WRIGHT, AND AULTON 

L 

3 i 
7 

0 200 LOO 600 800 1000 
Displacement (ym) 

FIGURE 4M 

F o r c e  v e r s u s  D i s p l a c e m e n t  P l o t  During Crushing  o f  an  Alpha- 
L a c t o s e  Monohydrate Monocrys ta l  

C r u s h i n g  S t r e n g t h  R e s u l t s  

The o u t p u t s  o f  t h e  LVDT and t h e  l o a d  t r a n s d u c e r  were f e d  

s i m u l t a n e o u s l y  t o  t h e  X and Y a x e s ,  r e s p e c t i v e l y ,  o f  a n  XY 

r e c o r d e r .  The shape  o f  t h e  f o r c e d i s p l a c e m e n t  c u r v e s  o b t a i n e d  

from t h e  two t y p e s  o f  l a c t o s e  d i f f e r e d  ( s e e  F i g u r e s  4M (mono- 

h y d r a t e )  and 4A (anhydrous)) .  P h o t o g r a p h s ,  w h i c h  were t a k e n  down 

t h e  m i c r o s c o p e  a t  known e l a p s e d  t ime, are p r e s e n t e d  i n  F i g u r e s  5M 

(monohydrate)  and 5A (anhydrous) .  The s t a t e  o f  t h e  c r y s t a l  a t  

v a r i o u s  p o i n t s  i n  t h e  f o r c e - d i s p l a c e m e n t  g r a p h s  i n  F i g u r e  4 c a n  

be  s e e n  i n  t h e  c o r r e s p o n d i n g  p h o t o g r a p h s  i n  F i g u r e  5. The 

p o s i t i o n  numbers  c o r r e l a t e  i n  b o t h  f i g u r e s .  The r e s u l t s  shown i n  

F i g u r e s  4 and 5 are r e p r e s e n t a t i v e  o f  t e n  r e p l i c a t e s .  
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0 LOO 600 
Displacein en t (pm) 

FIGURE 4A 

F o r c e  v e r s u s  D i s p l a c e m e n t  P l o t  Dur ing  Crush ing  o f  a n  Anhydrous 
Alpha -Lac tose  M o n o c r y s t a l .  

D i s c u s s i o n  of r e s u l t s  

A lpha -Lac tose  Monohydrate  - F i g u r e s  4M and  5M 

The f o r c e - d i s p l a c e m e n t  c u r v e  f o r  t h e  monohydra t e  i s  

t y p i c a l l y  v e r y  j a g g e d  showing  many s t e e p  r i ses  a n d  f a l l s .  

P o s i t i o n  0 i s  t h e  s t a r t  p o i n t ,  A s  t h e  p l a t e n  h o l d i n g  t h e  c r y s t a l  

i n  t h e  test  r i g  ( o n  t h e  l e f t  i n  F i g u r e  5 )  moves t o w a r d s  t h e  

s t a t i c  p l a t e n ,  t h e r e  i s  - a f t e r  c o n t a c t  - a r e s u l t i n g  i n c r e a s e  i n  

stress. The s t ress  r ises  u n t i l  i t  i s  l a r g e  enough t o  p r o d u c e  a 

c r a c k  w i t h i n  t h e  c r y s t a l .  The stress i n i t i a l l y  c a u s e s  c r a c k i n g  

a t  t h e  t i p  ( P o s i t i o n  1). A s  t h e  stress i n c r e a s e s ,  f u r t h e r  

i n t e r n a l  f r a c t u r e s  a p p e a r  w h i l s t  t h e  c r y s t a l  r e t a i n s  i t s  

i n t e g r i t y  ( P o s i t i o n  2). A t  P o s i t i o n  3 f r a g m e n t a t i o n  o f  t h e  
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2118 WONG, WRIGHT, AND AULTON 

FIGURE 5M 

P h o t o g r a p h i c  Sequence of  t h e  Crushing  of  a n  Alpha-Lactose 
Monohydrate  Monocrys ta l .  The P o s i t i o n  numbers  c o r r e s p o n d  t o  

t h o s e  i n  F i g u r e  4M. 
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FIG. 5M CONTINUED 
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2120 WONG , WRIGHT, AND AULTON 

FIGURE 5A 

P h o t o g r a p h i c  Sequence  of C r u s h i n g  of  a n  Anhydrous Alpha -Lac tose  
M o n o c r y s t a l .  
4A. 

The P o s i t i o n  numbers  c o r r e s p o n d  t o  t h o s e  i n  F i g u r e  
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ALPHA-LACTOSE MONOHYDRATE MONOCRYSTALS 2121 

c r y s t a l  h a s  begun a s  small  f l a k e s  o f  c r y s t a l  b r e a k  o f f .  These  

are  s o - c a l l e d  s p a l l i n g  c r a c k s  and can  b e  c l e a r l y  s e e n  u n d e r  t h e  

m i c r o s c o p e  and on t h e  p h o t o g r a p h i c  ev idence .  F r a g m e n t a t i o n  

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

i n  a d i r e c t i o n  p a r a l l e l  t o  t h e  (011) face,  u n t i l  a l a r g e  f r a c t u r e  

( s e e  P o s i t i o n  5 ,  F i g u r e  5M) p r o p a g a t e s  t h r o u g h o u t  t h e  c r y s t a l .  

T h i s  r e s u l t s  i n  a d r a s t i c  r e d u c t i o n  i n  t h e  f o r c e  r e g i s t e r e d  

( P o s i t i o n  5 ,  F i g u r e  4M). F u r t h e r  c o m p r e s s i o n  c a u s e s  m o r e  

f r a g m e n t a t i o n  and s p a l l i n g .  A l a r g e  f l a k e  c a n  b e  s e e n  f a l l i n g  

from t h e  ma in  c r y s t a l  a t  P o s i t i o n  6 and t h i s  r e s u l t e d  i n  t h e  

d e c r e a s e  i n  r e c o r d e d  f o r c e  down t o  P o s i t i o n  7. A t  t h e  maximum 

r e g i s t e r e d  f o r c e  ( P o s i t i o n  8 )  f u r t h e r  ( t e r m i n a l )  c r a c k i n g  o c c u r s  

and P o s i t i o n  9 shows t h e  c r y s t a l  a t  t h e  p o i n t  where  i t  h a s  

t o t a l l y  c o l l a p s e d  f rom i t s  moun t ing  g i v i n g  a l o w  f o r c e  r e a d i n g .  

Anhydrous Alpha -Lac tose  - F i g u r e s  4A and  5A 

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

were much s m o o t h e r  d u r i n g  l o a d  a p p l i c a t i o n  ( F i g u r e  4A). The 

c o r r e s p o n d i n g  p h o t o g r a p h s  show no f l a k i n g .  The maximum r e c o r d e d  

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

t h e  l a r g e  d e s t r u c t i v e  c r a c k  was less  t h a n  t h e  c o r r e s p o n d i n g  mono- 

h y d r a t e  c r y s t a l .  

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

an a n h y d r o u s  c r y s t a l ,  P o s i t i o n s  1 t o  5 show no o b v i o u s  i n t e r n a l  

o r  s p a l l i n g  c r a c k s .  I n s t e a d  t h e r e  i s  l o o s e ,  b r i t t l e  f r a g m e n t -  

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

i n c r e a s e  t h e  area o f  c o n t a c t  w i t h  t h e  p l a t e n .  M a j o r  f r a c t u r e  

o c c u r s  a t  t h e  maximum a p p l i e d  f o r c e .  The f i r s t  v i s i b l e  c r a c k  

d o e s  n o t  a p p e a r  u n t i l  P o s i t i o n  6 i n  F i g u r e  5A; t h e  r e s u l t i n g  

r a p i d  d e c r e a s e  i n  f o r c e  i s  shown i n  F i g u r e  4A. P o s i t i o n  7 

r e c o r d s  t h e  w i d e n i n g  of t h i s  c r a c k  a n d  t h e  c o m p l e t e  s e p a r a t i o n  of  

t h e  f r a g m e n t  f rom t h e  c r y s t a l .  
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2122 

TABLE 2 

WONG, WRIGHT, AND AULTON 

Crush ing  S t r e n g t h  Data € o r  M o n o c r y s t a l s  of Alpha-Lactose 
Monohydrate and Anhydrous Alpha-Lactose 

P r o p e r t y  

Mean l e n g t h  of 

c r y s t a l  s t e s t e d  

Alpha-Lactose Anhydrous 

Mono hyd ra te  A 1  pha-Lac t o  se 

3.7mm 4.25mm 

Mean w i d t h  o f  c r y s t a l  1.57mm 

a t  b a s e  o f  t i p  

C r o s s - s e c t i o n a l  area o f  

c r y s t a l  a t  b a s e  o f  t i p  

Max imum f o r c e  

r e c o r d e d  ( Fmax) 

0.397mm2 

10.32N 

Maximum stress a t  b a s e  of 2 6.3 8MPa 

c r y s t a l  t i p  

D e f l e c t i o n  a t  Fmax 303. Opm 

% S t r a i n  (100 x A L / L )  a t  8.8% 

Fmax 

Work d o n e  up t o  Fmax 1.650mJ 

1.79mm 

0. 498mm2 

9.17N 

19.47MPa 

2 3 7. Opm 

5.6% 

1.072mJ 
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ALPHA-LACTOSE MONOHYDRATE MONOCRYSTALS 2123 

Q u a n t i t a t i v e  comparisons 

T a b l e  2 r e c o r d s  some mechanica l  p r o p e r t i e s  o f  t h e  c r y s t a l s .  

The r e s u l t s  quoted are t h e  mean of 10 r ead ings .  

The t a b l e  shows t h a t  t h e  anhydrous c r y s t a l s  w i ths tood  a 

lower  maximum recorded  load ,  e x h i b i t e d  a l o w e r  d i s p l a c e m e n t  p r i o r  

t o  t h e  l a r g e  d e s t r u c t i v e  c r a c k  and t h u s  r e q u i r e d  less  work t o  

b reak  than  t h e  co r re spond ing  monohydrate c r y s t a l .  

DISCUSSION 

The o b s e r v a t i o n s  and r e s u l t s  d e s c r i b e d  above on monocrys t a l s  

of  two t y p e s  o f  l a c t o s e  can be  summarised as  f o l l o w s .  Alpha- 

l a c t o s e  monohydrate c r y s t a l s  are hard ,  e l a s t i c ,  b r i t t l e  and 

s t r o n g  and compress ion  i n i t i a t e s  t h e  p r o g r e s s i o n  o f  l a r g e  c r a c k s  

which r e s u l t  i n  t h e  b reak ing  o f f  of b o t h  small and l a r g e  f rag-  

ments  from t h e  c r y s t a l s .  The anhydrous form,  on t h e  o t h e r  hand, 

i s  s o f t e r ,  less e l a s t i c  and weaker and i s  deformed by g r a d u a l  

l o c a l i s e d  c rush ing  of t h e  p o i n t s  o f  c o n t a c t  o f  t h e  c r y s t a l  

w i t h o u t  l a r g e  i n t e r n a l  c r a c k i n g  o r  f l a k i n g .  

These o b s e r v a t i o n s  d o  n o t  sugges t  t h a t  t h e  anhydrous 

c r y s t a l s  are more d u c t i l e  t h a n  monohydrate ones. T h i s  term 

i n f e r s  a n  a b i l i t y  t o  undergo p l a s t i c  f low.  Anhydrous c r y s t a l s  

show no p l a s t i c  flow. The ev idence  i n d i c a t e s  t h a t  t h e  anhydrous 

form i s  a l s o  v e r y  b r i t t l e  b u t  i t  undergoes b r i t t l e  f r a c t u r e  much 

more r e a d i l y  and a t  l ower  stresses than  t h e  monohydrate.  

The i n d e n t a t i o n  d a t a  i l l u s t r a t e s  t h e  a n i s o t r o p i c  n a t u r e  of  

t h e  mechanica l  p r o p e r t i e s  o f  t h e  monohydrate form. Th i s  i s  

r e l a t e d  fundamen ta l ly  t o  t h e  o r i e n t a t i o n  of t h e  c r y s t a l  p lanes .  

I n  t h e  anhydrous form t h i s  a n i s o t r o p h y  i s  g r e a t l y  reduced. It 
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2124 WONG, WRIGHT, AND AULTON 

seems t h a t  d u r i n g  t h e  d e h y d r a t i o n  p r o c e s s ,  t h e  removal  of  water 

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

l i n e  o r d e r .  T h i s  d i s r u p t i o n  c o u l d  e x p l a i n  t h e  d i f f e r e n c e  i n  t h e  

d e g r e e  and n a t u r e  o f  t h e  f r a g m e n t a t i o n  mechanisms o f  t h e  two 

c r y s t a l  types. 

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

t h e  anhydrous  c r y s t a l s  p r e v e n t  t h e  stress e m i n a t i n g  from t h e  

p o i n t s  o f  c o n t a c t  f rom p r o p a g a t i n g  t h r o u g h  t h e  c r y s t a l .  I n s t e a d  

t h e  anhydrous  c r y s t a l s  undergo f r a g m e n t a t i o n  i n t o  a l a r g e  number 

o f  v e r y  smal l  p a r t i c l e s  r a t h e r  t h a n  i n t o  l a r g e  s p l i n t e r s  as  d o e s  

t h e  monohydrate .  

T h i s  work p r o v i d e s  v i s u a l  and q u a n t i t a t i v e  c o n f i r m a t i o n  o f  

t h e  b u l k  c o m p r e s s i o n  c h a r a c t e r i s t i c s  f o r  t h e s e  two t y p e s  o f  
411,4111 l a c t o s e  o b s e r v e d  by B o l h u i s  e t  a1.8 and L e r k  e t  a l .  

They observed  s u p e r i o r  c o m p r e s s i o n  p r o p e r t i e s  o f  t h e  anhydrous  

form and r e l a t e d  t h i s  t o  and i n c r e a s e  i n  t h e  f r a g m e n t a b i l i t y  o f  

t h e  anhydrous  form a s  e v i d e n c e d  by an  i n c r e a s e  i n  t h e  s p e c i f i c  

s u r f a c e  area o f  t h e s e  mater ia l s  d u r i n g  t a b l e t  c o m p r e s s i o n .  T h i s  

work shows t h a t  a s s u m p t i o n  t o  b e  c o r r e c t .  

CONCLUSIONS 

The d a t a  p r e s e n t e d  h e r e  shows methods  t h a t  c a n  b e  used t o  

assess s i n g l e c r y s t a l  m e c h a n i c a l  p r o p e r t i e s .  The r e s u l t s  were 

used t o  e x p l a i n  p r e v i o u s  o b s e r v a t i o n s  made d u r i n g  b u l k  compress-  

i o n  of  t h e s e  two t y p e s  o f  l a c t o s e .  I t  i s  e n v i s a g e d  t h a t  t h e  da ta  

o b t a i n e d  from tes ts  s u c h  a s  t h e s e  on i s o l a t e d  s i n g l e  c r y s t a l s  

w i l l  g i v e  a much clearer p i c t u r e  o f  t h e  f u n d a m e n t a l  d e f o r m a t i o n  

and bonding b e h a v i o u r  of p h a r m a c e u t i c a l  t a b l e t t i n g  materials. 
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