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ABSTIUQT

P a r t  I  o f  t h i s  t h e s i s  d e a l s  w i t h  a  b r i e f  h i s t o r i c a l  

r e v i e w  o n  d i a m o n d  t o g e t h e r  w i t h  t h e  s t u d i e s  made on  c r y s t a l  

g r o w t h  w i t h  t h e  e x i s t i n g  i n f o r m a t i o n  on d i a m o n d .

P a r t  I I  d e a l s  w i t h  t h e  e x p e r i m e n t a l  t e c h n i q u e s

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

t e c h n i q u e  v / h e r e b y ,  i t  h a s  b e e n  shown f o r  t h e  f i r s t  t i m e ,  t h a t  v e r y

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

h i g h  p o w e r  3 mm. l e n s  o f  n u m e r i c a l  a p e r ^ t u r e  0 . 9 5 .  The o p t i c a l

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

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

l a t e r a l  e x t e n s i o n  a b o u t  0 . 7 ^ a n d  a  d e p t h  o f  50 Volume e l e m e n t s
- 1 5

a s  s m a l l  a s  5 x  10  c c .  c a n  b e  r e s o l v e d .

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

f e a t u r e s  on t h e  o c t a h e d r o n  f a c e s  o f  some d i a m o n d s .  Some f e a t u r e s

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

1 -  A n u m b e r  o f  a n o m a l i e s  i n  t r i g o n s .

T h e s e  a r e  d i s c u s s e d  i n  d e t a i l .

2 -  An o c c a s i o n a l  mode o f  g r o w t h  s h e e t s  i s  shown

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

w h i c h  l e a d s  t o  t h e  f o r m a t i o n  o f  s i x - s i d e d  g r o w t h  

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

9 0 °  a n d  1 5 0 ° .  I t  i s  shown t h a t  t h e  e d g e s  o f  t h e s e  

a r e  e f f e c t i v e l y  p a r a l l e l  t o  t h e  d i r e c t i o n s  ^ 4 3 1 ^  .



T h e s e  may p o s s i b l y  a r i s e  t h r o u g h  i n t e r s e c t i o n s  

o f  ( 8 2 1 )  w i t ^  ( 1 1 1 )

3 -  A r e m a r k a b l e  c a s e  o f  m u l t i p l e  l i n e a r  p r o c e s s e s

h a s  b e e n  o b s e r v e d  on  f i v e  f a c e s  o f  a w e l l  

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

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

i n  d i a m o n d .

P a r t  IV  d e a l s  w i  t h  t h e  m i c r o s t r u c t u r e  on t h e  

d o d e c a h e d r a l  f a c e s  o f  some d i a m o n d s -  Some new s u r f a c e  s t r u c t u r e s  

a r e  d e s c r i b e d .  A m o s a i c  s t r u c t u r e  e x i s t s .  A t  l e a s t  t h r e e  m a i n  

d i f f e r e n t  s t r u c t u r e s  f o r  t h e  ( 1 1 0 )  f a c e s  c a n  p o s s i b l y  a r i s e  d u r i n g  

t h e  g r o w t h  o f  d i a m o n d  n a m e l y

1 -  S t r i a t e d  s u r f a c e s  e i t h e r  s m o o t h  o r  c o a r s e .

2 -  A n e t w o r k  s t r u c t u r e .

3 -  A p a r a l l e l o g r a m  s t r u c t u r e  r e l a t e d  t o  2 .

T h e s e  s t r u c t u r e s  a r e  d e s c r i b e d  a n d  d i s c u s s e d  i n  d e t a i l .
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CHAPTER I .

INTRODUCTION

From t h e  e a r l i e s t  t im e s  diamond has  f a s c i n a t e d  man

k in d .  I t  has been  p r i z e d  a s  a p r e c i o u s  s t o n e  on account o f  i t s  

r a r i t y  and p r e - e m in e n c e .  As a g em sto n e ,  i t  i s  a l t o g e t h e r  

u n iq u e ,  f o r  i t  i s  d i s t i n g u i s h e d  from a l l  p r e c i o u s  s t o n e s  by 

rem arkable  q u a l i t i e s ,  and j u s t l y  s o ,  s i n c e  i t  combines i n  i t s e l f  

extrem e h a r d n e s s ,  h ig h  r e f r a c t i o n ,  l a r g e  c o l o u r  d i s p e r s i o n ,  and 

b r i l l i a n t  l u s t r e .  Some Hindu p r o v e r b s  r e l a t e  t o  t h e  hardness  

o f  t h e  diamond -  "Diamond cut's diamond", "The heart  o f  a magnate 

i s  h ard er  than t h e  diamond" e t c .

B e s i d e s  i t s  p r e - e m in e n c e  as a gem stone diamond f i n d s  

a demand i n  in d u s t r y  f o r  c u t t i n g  and a b r a s i v e  p u r p o s e s .  Boring  

th ro u g h  s o l i d  rock  has been g r e a t l y  f a c i l i t a t e d  by t h e  u s e  o f  

t h e  diamond d r i l l -  The t e n a c i t y  o f  diamond re n d er s  i t  most 

s u i t a b l e  f o r  w ir e -d r a w in g .  Diamond powder i s  u se d  f o r  c u t t i n g  

and t u r n i n g  t h e  hardened s t e e l  employed i n  modern i n d u s t r y .

There a r e  a l s o  many s p e c i a l i s e d  s c i e n t i f i c  u s e s ,  f o r  exam ple ,  

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

t o o l s ,  f o r  t h e  f i n e  s t y l u s  u sed  i n  some i n s t r u m e n t s ,  and even  

as a d e t e c t o r  o f  a to m ic  r a d i a t i o n s .

Not a l l  diamonds are  o f  gem q u a l i ty ^  some 60 per  

cen t  o f  t h e  raw s t o n e s  are  u n s u i t a b l e  f o r  gemS' in d u s t r y  

a b so rb s  about 8 o  p e r  ce n t  o f  t h e  diamonds by w e ig h t ,  t h e  remain

in g  20 p er  cen t  b e in g  u se d  f o r  j e w e l l e r y  e t c .
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Diamonds as th e y  occu r  in  t h e i r  n a t u r a l  s t a t e  are  

o f t e n  more or l e s s  rounded,  r o u g h - lo o k in g  p e b b l e s .  The n a tu r a l  

diamond must be cut  and p o l i s h e d  t o  b r in g  out i t s  l u s t r e  and 

s p a r k l e .  The shape o f  t h e  so c a l l e d  c r y s t a l  as  i t  l e a v e s  th e  

d ia m o n d -c u t te r  has l i t t l e  r e l a t i o n  t o  t h e  n a t u r a l  c r y s t a l l i n e  

sh a p e .  About h a l f  th e  mass o f  t h e  diamond i s  l o s t  in  th e  c u t t i n g .  

The o b j e c t  o f  t h e  a p i d a r i s t  i s  t o  g e t  th e  maximum r e f l e c t i o n  o f  

l i g h t  from th e  i n t e r i o r  o f  t h e  s t o n e  f o r  t h e  h ig h  r e f l e c t i n g  and 

r e f r a c t i n g  power o f  t h e  diamond are  t h e  p a r t i c u l a r  q u a l i t i e s  

which make i t  supreme above o t h e r  gems.

Of a l l  gem s t o n e s  diamond i s  t h e  s im p l e s t  i n  ch em ica l  

c o m p o s i t i o n ,  b e in g  composed e n t i r e l y  o f  carb on .  In every  diamond 

t h e  arrangement o f  carbon  atoms rem ains  t h e  same but t h e  s t r u c t u r e  

o f  t h e  i n d i v i d u a l  s t o n e  may have been s u b j e c t  t o  im p e r fe c t  

c r y s t a l l i z a t i o n ,  w hich  may appear a s  i n t e r n a l  f r a c t u r e s ,  known 

t o  t h e  t r a d e  as  " f e a th e r s "  or "c loudy t e x t u r e ” . Im perfec t  

c r y s t a l l i z a t i o n  a l s o  som etim es  r e s u l t s  i n  s u r f a c e  f i s s u r e a  or  

s e p a r a t i o n s  a lo n g  c l e a v a g e  p l a n e s ,  which may be l o c a t e d  w i t h i n  

t h e  body o f  th e  diamond and may or may not ex te n d  inward from 

th e  s u r f a c e .  In t h e i r  grow th ,  c e r t a i n  diamonds may have en v e lo p e d  

c r y s t a l s  or fra g m en ts  o f  o t h e r  m in e r a ls  which  appear a s  i n c l u s 

i o n s .  G r a p h ite ,  perh ap s  i s  t h e  most common i n c l u s i o n .  I t  

o c c u r s  in  s m a l l  t h i n  f l a k e s ,  s i n g l e ,  f ew ,  or many, s c a t t e r e d  at  

random through  t h e  i n t e r i o r  o f  t h e  c r y s t a l  g i v i n g  t h e  v a r i o u s  

q u a l i t i e s  o f  "spotted"  s t o n e s .  In g e n e r a l  t h e s e  f l a k e s  are
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i r r e g u l a r  in  o u t l i n e  and g iv e  no i n d i c a t i o n  of t h e i r  c r y s t a l  

form. Other b la ck  i n c l u s i o n s  l e s s  common than g r a p h i t e ,  occur  

in  sm a l l  rounded g r a in s  or fragments  which are mostly i l m e n i t e ,  

chrom ite  and m a g n e t i t e .  They occur s i n g l y  or s c a t t e r e d  at 

random throughout th e  diamonds or embedded in  i t s  s u r f a c e .

G arnet,  i n  sm a l l  rounded g r a in s  hardly  ever  w ith  c r y s t a l  f a c e s ,  

i s  a frequent  i n c l u s i o n .  One o f  th e  r a r e s t  i n c l u s i o n s  i s  iron  

p y r i t e s .  Diamond i t s e l f  forms a very  important i n c l u s i o n .

There are many c a s e s  o f  one diamond c r y s t a l l i z i n g  around an oth er ,  

th e  in n e r  diamond o f t e n  d i f f e r i n g  i n  c r y s t a l  form and co lo u r  from 

th e  o u te r  c r y s t a l  w i th  the  more t i n t e d  s to n e  i n s i d e .  By fa r  th e  

most common form i s  th e  o c ta h e d r o id  and w ith  l e s s  occurrence  

dodecahedro id ,  f l a t  or s h a r p l e s s  g r a in s  and very o c c a s i o n a l l y  

a p e r f e c t  oc tah ed ron .  In many c a s e s  when one diamond i s  found 

as an i n c l u s i o n  in  a n o th e r ,  c r y s t a l l i z a t i o n  o f  the  diamond has  

s topp ed  and then  r e s t a r t e d .  The b u i l d i n g  up o f  the  second  

diamond does not in  any c a s e ,  u n l e s s  i t  i s  a c c i d e n t a l ,  f o l l o w  th e  

c r y s t a l l o g r a p h i c  l i n e s  o f  t h e  f i r s t .  Sometimes fo r  example the  

f i r s t  diamond t a k e s  th e  form o f  the  octahedron ,  w h i le  th e  second  

s t a g e  o f  c r y s t a l l i z a t i o n  on t h e  octahedron  ta k e s  th e  form o f  a 

rhombic dodecahedron. In many c a s e s  the  f i r s t  diamond may be 

Covered w ith  some f o r e i g n  m atter  and t h i s ,  t o g e t h e r  w ith  the  

o r i g i n a l  diamond i s  c o m p le te ly  e n c lo s e d  in  th e  second diamond. 

Diamonds c o n t a in i n g  s o l i d  i n c l u s i o n s  o f  f o r e i g n  m a tter ,  and 

e s p e c i a l l y  diamonds c o n t a in i n g  diamonds as  i n c l u s i o n s ,  are most 

e a s i l y  broken. Diamonds c o n t a in in g  s o l i d ,  l i q u i d  or gas i n c l u s -
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- i o n s  g e n e r a l l y  r e v e a l  under th e  m icroscope the p resence  of  

i n t e r n a l  s t r a i n .  In many such diamonds minute cracks are p e r 

c e p t i b l e ,  r a d i a t i n g  from th e  area  o f  f o r e i g n  i n c l u s i o n .  Sutton  

(1928)  p o in t e d  out th a t  diamonds do c l e a v e  f r e e l y  a c r o s s  f o r e ig n  

i n c l u s i o n s .  These d e f e c t s  i n  c r y s t a l l i z a t i o n  are r e c o g n ize d  

by diamond merchants as f la w s  or im p e r f e c t io n s .

Diamonds when a b s o l u t e l y  l im p id  and f r e e  from f la w s ,  

are s a i d  to  be o f  th e  " f i r s t  water"; th ey  are most p r i z e d  when 

d evo id  o f  any t i n g e  o f  c o lo u r  except  perhaps a b l u i s h  shade.  

S to n es  w i th  a s l i g h t  t i n g e  o f  y e l lo w  are  termed o f f - c o l o u r e d .  

S to n es  o f  a c a n a r y -y e l lo w  co lour^  however be long  to  a d i f f e r e n t  

c a te g o r y ,  and have a d ec id e d  a t t r a c t i v e n e s s .  Greenish  s to n e s  are  

a l s o  common, though i t  i s  rare  t o  come a c r o s s  one w ith  a r e a l l y  

good shade o f  th a t  c o l o u r .  Brown s t o n e s ,  e s p e c i a l l y  in  South  

A f r i c a ,  are  not uncommon. Pink s t o n e s  are  l e s s  common, and 

ru b y -r ed ,  mauve, and b lu e  s t o n e s  are r a r e .  Those o f  th e  l a s t -  

named co lo u r  u s u a l l y  have what i s  known as a " s tee ly "  shade,  

tha t  i s ,  th e y  are t i n g e d  w ith  g r e en .  S ton es  o f  a sapph ire  b lue  

are v e r y  seldom met w i t h .  D o e l t e r  a t t r i b u t e d  th e  c o lo u r a t io n  

o f  diamonds t o  th e  p r es en c e  o f  o x id e s  o f  i r o n ,  chromium, 

manganese and t i t a n i u m .  Hydrocarbons may a l s o  g i v e  r i s e  t o  a 

y e l l o w i s h  c o l o u r a t i o n .  Some diamonds are  dark grey and even  

b la c k .  They e x h i b i t  an im p erfec t  c r y s t a l l i n e  s t r u c t u r e ,  and 

are  known as  b lack  diamonds, b o r t , or b o a r t , or carbonado.

Boart i s  an im p e r f e c t l y  c r y s t a l l i z e d ,  t r a n s l u c e n t ,  dark co loured



diamond which has v a r io u s  c o l o u r s ,  but no c l e a r  p o r t i o n s .  I t s  

hardness i s  f u l l y  equal to  th a t  o f  c r y s t a l l i n e  diamond and i s  

used in  d r i l l i n g  r o c k s ,  and i n  c u t t i n g  and p o l i s h i n g  o ther  

s t o n e s .  Carbonado i s  t h e  B r a z i l i a n  term fo r  a s t i l l  l e s s  

p e r f e c t l y  c r y s t a l l i z e d  b lack  diamond. • I t  i s  as hard as  b o a r t ,  

and has s i m i l a r  u s e s .  Boart and carbonado are u s u a l l y  regarded  

as  forms in t e r m e d ia t e  between diamond and g r a p h i t e .

The c r y s t a l  shapes o f  th e  diamond a l l  be long  to  th e  

" isom etr ic"  or "cubic" sy s tem ,  but f o r  many years th e r e  has been 

much co n tro v er sy  among c r y s t a l l o g r a p h e r s  as t o  the  p a r t i c u l a r  

c l a s s  t o  which i t  sh ou ld  be a s s i g n e d .  The most common form i s  

th e  oc tah ed ron .  There are rhombic dodecah ed ra l ,  and hexak is  -  

o c ta h e d r a l  formsj t h e  cube w ith  rounded edges  i s  a l s o  rep

r e s e n t e d ,  but a few c r y s t a l s  are found which are t e t r a h e d r a  

and t h e s e  l e a d  t o  th e  v iew  t h a t  th e  symmetry i s  t e t r a h e d r a l  as  

i n  c l a s s  31 .  The o c ta h e d r a l  c r y s t a l s  are  thus  on t h i s  v iew  

regarded  as two i n t e r p e n e t r a t i n g  t e t r a h e d r a  twinned about a 

cube f a c e ,  an i n t e r p r e t a t i o n  which i s  supported  by th e  grooves  

o f t e n  p resen t  a long  octahedron  ed g es .  The opposing v iew  i s  that  

diamond sh ou ld  be a s s i g n e d  t o  c l a s s  32# having the  h ig h e s t  

p o s s i b l e  c r y s t a l  symmetry, w i th  th e  octahedron as th e  

c h a r a c t e r i s t i c  form. This  o p in io n  i s  supported  by th e  absence  

o f  d e t e c t a b l e  p i e z o - e l e c t r i c  and p y r o - e l e c t r i c  e f f e c t s .  The 

t e t r a h e d r a  are th e n  e x p la in e d  as octahedra  d i s t o r t e d  by the  

s u p p r e s s io n  o f  a l t e r n a t e  f a c e s .

Hail  y in  an e a r ly  i n v e s t i g a t i o n  ( 1743- 1822) made a
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very . c a r e f u l  study of diamond, and came t o  th e  c o n c lu s io n  that  

th e  symmetry o f  the  diamond was tha t  of  the  reg u la r  t e tra h ed ro n .

He was supported  in  h i s  v iew  by o th e r s  in c lu d in g  Mohr, H aid inger .  

M i l l e r ,  Rose and Des O lo izeaU . Fersmann and Goldschmidt (1 9 I I )  

i n  t h e i r  t r e a t i s e  on diamond make a very  s tro n g  p le a  fo r  the  

hemihedral s t r u c t u r e  b as in g  t h e i r  arguments on m orpholog ica l  and 

e tc h  c h a r a c te r s  and s t a t e d  th a t  t h e i r  exper im ents  proved un

e q u i v o c a l l y  th e  hemihedrism o f  diamond.

On th e  o th e r  hand Van der Veen (1913) v ig o r o u s l y  

opposed th e  t h e o r i e s  advanced by Fersmann and Goldschmidt and 

proposed  h o lo h e d r a l  symmetry.

In  t h e i r  e a r ly  a p p l i c a t i o n  o f  th e  X-ray tech n iq u e  to  

diamond W.H. Bragg and W.L. Bragg favoured  th e  h o lo h e d r a l  c l a s s  

and dem onstrated  in  a s t r i k i n g  way th e  t e t r a h e d r a l  arrangement  

of  bonds around a carbon atom. They p i c t u r e d  th e  s t r u c t u r e  by 

s t a r t i n g  w ith  a fa c e  c e n tr e d  cu b ic  l a t t i c e  o f  th e  p o i n t s  marked 

A i n  f i g u r e  ( l ) .  A s i m i l a r  l a t t i c e  i s  th e n  so p la c e d  so that  

every B p o in t  l i e s  between fo u r  A p o i n t s  at th e  co rn ers  o f  a 

t e t r a h e d r o n .  I t  f o l l o w s  th a t  every A p o in t  l i e s  between four B 

p o i n t s .  Carbon atoms are p la c e d  at A and B and i f  they  are jo in e d  

by heavy l i n e s  as  shown in  f i g u r e  ( l ) #  i t  w i l l  be seen  th a t  every  

carbon atom i s  l i n k e d  t e t r a h e d r a l l y  to  four  n e igh b ou rs .  The 

l e n g t h  o f  the  0.0  bond i s  1 . 34A°, but the  edge o f  th e  cub ic  

l a t t i c e  c e l l  i s  3 . 650Â  in  l e n g t h .  Figure ( l )  shows such a 

c e l l ;  th e  p la n e s  d e s ig n a t e d  by AAA — are th e  ( i l l )  p l a n e s .
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F igure  ( 2 ) shows th e  s t r u c t u r e  o f  the  diamond with the

( i l l )  p la n e  h o r i z o n t a l .  The s i n g l e  v e r t i c a l  bonds are

broken t o  s e cu re  th e  ( i l l )  p l a n e s .

The extreme hardness  o f  diamond can be c o n s id e r ed  to

be a d i r e c t  r e s u l t  o f  such a s t r u c t u r e .  On the  b a s i s  o f  t h i s

v iew Rinne (1924)  c a l c u l a t e d  th e  number o f  carbon atoms in  one

0 . 0 / o f  diamond t o  be 1.8  x 10 which when compared with  
8 0

1 .3  X 10 at 5500 0 in  carbon vapour su gges t  th e  e x i s t e n c e  o f

a s t r o n g  c o h e s iv e  f o r c e  between th e  atoms. The energy t o  break

the 0-.-0,é bond has been c a l c u l a t e d  by Harkins ( 1942) from t h e o -
—12

r e t i c a l  c o n s i d e r a t i o n s  to  be 6.22 x 10 e r g s .

The r i g i d i t y  o f  th e  diamond and th e  open c h a ra c te r  

o f  i t s  s t r u c t u r e ,  imply th a t  g re a t  fo r c e  i s  req u ired  to  a l t e r  

th e  o r i e n t a t i o n  o f  c o u p l in g .  Were i t  o t h e r w is e ,  a l l  atoms would 

seek  t o  be surrounded by as many neighbours as p o s s i b l e ;  th e  

su b s ta n ce  would then  be c l o s e - p a c k e d ,  and i t s  d e n s i t y  would be 

more than double what i t  i s .  The s t r u c t u r e  o f  diamond may a l s o  

b e . lo o k e d  on as c o n s t i t u t i n g  a s e r i e s  o f  puckered l a y e r s  

p a r a l l e l  t o  a g iv e n  t e t r a h e d r a l  p l a n e .  A sharp blow may c l e a v e  

th e  diamond a long  one o f  t h e s e  l a y e r s  a l thou gh  diamond i s  th e  

h ard est  su b s ta n ce  known. I t  o c c u p ie s  p o s i t i o n  10 on Moh*s 

s c a l e ,  but th e  d i f f e r e n c e  i n  hardness between i t  and carborun

dum, which ranks as 9 on th e  s c a l e  i s  enormous. No p r e c i s e  

measurements have been made o f  th e  hardness  o f  diamond but i t  

i s  e s t im a te d  th a t  i t  i s  at l e a s t  e i g h t y - f i v e  t im es  as  hard as
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carborundum*

Lonsdale  (1928)  lasing X-ray a n a l y s i s  has shown that  

th e  c r y s t a l  s t r u c t u r e  of  many o f  th e  carbon compounds, and a l s o  

o f  carbon i n  th e  f r e e  s t a t e ,  can be e x p la in e d  by supposing that  

th e  Carbon atom has two d i f f e r e n t  t y p e s  o f  v a le n c y .  I f  t h i s  i s  

t r u e  i t  i s  p r o b a b le ,  though not c e r t a i n ,  th a t  diamond would show 

p i e z o - e l e c t r i c  e f f e c t s .

E l in g s  and T e r p s tr a  (1928)  sought fo r  a p i e z o - e l e c t r i c  

e f f e c t  in  diamond but f a i l e d  t o  f i n d  i t .

R obertson ,  Fox and Martin ( 1934) showed th a t  th e  great  

m a jo r ity  o f  diamonds e x h i b i t e d  o p t i c a l  b i r e f r i n g e n c e  and a l s o  

i n f r a - r e d  a c t i v i t y  in  th e  r e g io n  o f  8 / ^ o f  th e  spectrum. They 

were opaque to  u l t r a - v i o l e t  l i g h t  below 3000A®. These they  c a l l e d  

ty p e  I .  On the  o th er  hand a few diamonds have no a b so rp t io n  bond 

at 8yw and are tra n sp a r en t  t o  u l t r a  v i o l e t  l i g h t  up t o  some 22^ 0p P  . 

These were d e s ig n a t e d  as  ty p e  I I .

Lonsdale  (1944)  has e s t a b l i s h e d  th a t  type  I I  diamonds 

have th e  same d i e l e c t r i c  c o n s ta n t  and l a t t i c e  c o n s t a n t s  as  

ord inary  diamonds th e  d i f f e r e n c e s  not be ing  due t o  i m p u r i t i e s .

Raman ( 1 9 4 4 ) ,  ( 1945) has p o in t e d  out t h a t ,  because o f  

both se n se  and d i r e c t i o n  in  the  t e t r a h e d r a l  a x i s ,  carbon atoms 

in  th e  diamond may be o r i e n t e d  in  four ways i n  space and that  

four p o s s i b l e  diamond s t r u c t u r e s  might e x i s t .  Two o f  t h e s e  w i l l  

be t e t r a h e d r a l  (Tdl and T d l l )  and i d e n t i c a l  i n  c h a r a c t e r i s t i c s  

( r e f e r r e d  to  as p o s i t i v e  and n e g a t i v e ) .  These s t r u c t u r e s  are
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Common o n e s .  The o th e r  two w i l l  have f u l l  oc ta h ed ra l  

symmetry (Oh I and Oh I I )  and are  p h y s i c a l l y  d i f f e r e n t  from 

each o t h e r .  They w i l l  be co m p a ra t iv e ly  rare  b ut ,  where they do 

o c c u r ,  i n t e r p e n e t r a t i o n  o f  t h e  two o c ta h e d ra l  forms imparts  

lam inar c h a r a c t e r i s t i c s  to  t h e  diamonds.

Krishnan ( 1944) u s in g  X-ray and s p e c tr o s c o p ic  

t e c h n iq u e s  in deed  conf irm ed th e  e x i s t e n c e  o f  a l l  th e  four  ty p e s  

s u g g e s t e d  by Raman.

Raman and Jay Raman ( 1949) found that  diamonds e x i s t  

which show i n f r a - r e d  a c t i v i t y  but do not show any v i s i b l e  

b i r e - f r i n g e n c e  and th a t  t h o s e  which show b ir e f r i n g e n c e  a l s o  

e x h i b i t  l a m e l l a r  s t r u c t u r e .  They a l s o  found th a t  both  th e  

i n f r a - r e d  a c t i v i t y  and th e  u l t r a - v i o l e t  transparency  vary in  a 

co n t in u o u s  manner.

O r e n v i l l e - W e l l s  ( 19$2 ) u s in g  X-ray d i f f r a c t i o n  found  

th a t  whereas ty p e  I c o u ld  s t i l l  be regarded  p e r f e c t ,  type  II  

co u ld  be e i t h e r  p e r f e c t  or m osa ic .  ( I n  th e  p resen t  work the  

u s u a l  nomeclature o f  ty p e  I and ty p e  I I  means th o s e  opaque to  

u l t r a - v i o l e t  and tra n sp a ren t  t o  u l t r a - v i o l e t  r e s p e c t i v e l y ) .

Champion ( 1952) ,  ( 1953) c a r r i e d  out a s e r i e s  o f  

exper im ents  on many diamonds to  examine t h e i r  a b i l i t y  t o  g iv e  

l a r g e  con d u ct io n  p u l s e s  when s u b j e c t e d  t o  an e l e c t r i c  f i e l d  

and i r r a d i a t e d  w ith  A - p a r t i c l e s  or B - p a r t i c l e s .  He c o n je c tu r e d  

th a t  diamonds which show good e l e c t r i c a l  conduct ion  p u l s e

p r o p e r t i e s  are composed o f  l a y e r s  of  h ig h ly  c r y s t a l l i n e
■0
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m a te r ia l  s e p a r a te d  by r e l a t i v e l y  few. and much t h in n e r ,  

p a r t i a l  b a r r i e r s  o f  im perfec t  m a t e r i a l .  He fu r th e r  p o in te d  out 

th a t  a n ea r ly  p e r f e c t  specimen i s  one which b e lo n g s  t o  th e  rare  

ty p e  I I  and c o n t a in s  but few vacant s i t e s  and i n t e r s t i t i a l  

atoms. S l i g h t l y  more common specimens are th o s e  in  which th e  

c r y s t a l  i s  a lmost p e r f e c t  but which under e l e c t r i c a l  t e s t ,  shown 

to  c o n t a i n  t r a p s  f o r  e l e c t r i c a l  c h a r g e s ,  th e  trap  d e n s i t y  being  

p a r t i c u l a r l y  h igh  c l o s e  to  th e  s u r f a c e .  C usters  ( 1 9 5 2 ) .  ( 1954) 

r e p o r te d  th a t  ty p e  I I  diamond d id  not form a homogenous group 

in  t h e m s e lv e s ,  and s u g g e s t e d  th a t  th ey  shou ld  be s u b -d iv id e d  

i n t o  two f u r th e r  groups ty p e  11(a )  and ty p e  11( b ) .  The d i f f e r e n 

c e s  between th e  new groups b e in g  t h a t ,  u n l i k e  th e  former, th e  

l a t t e r  group shows a s t r o n g  p hosphorescence  when i r r a d i a t e d  by 

sh ort  wave u l t r a - v i o l e t  l i g h t  i n  the  r e g io n  2500A^.U. He a l s o  

added th a t  type  1 1 (a )  diamonds are f a i r l y  rare  and are  only  found 

in  c e r t a i n  mines in  South A f r i c a ,  w h i le  type  11(b) diamonds are  

s t i l l  more r a r e ,  however they  conduct e l e c t r i c i t y  r e l a t i v e l y  w e l l  

This d i v e r s i t y  in  th e  r e s u l t s  o f  the  v a r io u s  workers  

u s in g  d i f f e r e n t  o p t i c a l  and e l e c t r i c a l  t e c h n iq u e s  l e n d s  support  

t o  th e  v iew th a t  th e  mechanism o f  growth o f  diamond i s  very  

complex.  In f a c t ,  numerous s t u d i e s  have been made by s e v e r a l  

workers and many g u e s s e s  and t h e o r i e s  have appeared in  attempt  

t o  e x p la in  how diamonds have been formed i n  n a tu re .  In one se t  

o f  h y p o th e s e s ,  th e  diamond i s  c o n s id e r e d  t o  be o f  organ ic  o r i g in  

and formed at r e l a t i v e l y  low tem p e ra tu res .  In another  s e t  o f
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h y p o t h e s i s  th e  m inera l  i s  supposed to  have been formed at 

r e l a t i v e l y  a h igh  tem perature and h ig h  p r e s s u r e .

The e a r l i e s t  r e s e a r c h  o f  any importance on the  

s y n e t h e s i s  o f  diamond was c a r r i e d  out by Hannay (1880)  who 

d e s c r ib e d  a long  s e r i e s  o f  exper im ents  aimed at a c h ie v in g  the  

a r t i f i c i a l  form at ion  o f  diamonds. These were based on th e  fa c t  

t h a t ,  when a gas  c o n ta in in g  carbon and hydrogen was h ea ted  under 

p r e s s u r e  in  th e  p r e s e n c e  o f  l i t h i u m ,  p o ta ss iu m ,  sodium, or 

magnesium, th e  hydrogen combined w ith  t h e  metal and th e  carbon,  

being  th u s  s e t  f r e e ,  was d e p o s i t e d  i n  a very hard s c a l y  form. He 

b e l i e v e d  th a t  carbon under such c o n d i t i o n s  might c r y s t a l l i z e  out 

as  diamond. B a n n is ter  and Lonsdale  ( 1943) u s in g  X-ray d i f f r a c t 

io n  t e c h n iq u e  j u s t i f i e d  th e  work o f  Hannay in  that  th e  c r y s t a l s  

he o b ta in e d  were shown to  be diamonds o f  th e  rare  t y p e .

Moissan ( 1 8 9 3 ) ,  (1896)  c la im ed  to  have o b ta in ed  t i n y  

diamonds by suddenly  quenching i n  c o ld  water molten ir o n  c o n ta in 

ing d i s s o l v e d  carbon,  d i s s o l v i n g  away th e  iro n  in  a c i d ,  but no 

r e a l l y  con f irm atory  ev id en ce  was p r e s e n te d .

S i r  W ill iam Crookes (1909)  r e p e a te d  s u c c e s s f u l l y  

M oissan*8 ex p e r im en ts .  He found minute diamonds in  th e  r e s id u e s  

formed i n  c l o s e d  s t e e l  tu b es  i n  which c o r d i t e  was exp loded .

Ruff  (1917)  a l s o  c la im ed  s u c c e s s  w ith  Moissan*s method, 

and o f f e r e d  ex p er im en ta l  ev id en ce  su pp ort in g  h i s  s ta te m e n t s .  

Parsons  (1 9 1 9 ) ,  (1920)  c a r r i e d  out numerous experiments  and 

c la im ed  to  have produced s y n t h e t i c  diamonds by u s in g  methods
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t r i e d  by p r e v io u s  workers w ith  improved apparatus which  

a c h ie v e d  s t i l l  h ig h e r  tem peratures  and p r e s s u r e s .

R o s s i n i  and Jessup  (1938)  d i s c u s s e d  the  r e l a t i o n s  

e x i s t i n g  between diamond and g r a p h i t e  and showed by c a l c u l a t 

io n s  tha t  at Oa. 1 3 .0 0 0  atmospheres th e r e  i s  no temperature at  

which diamond i s  s t a b l e  w ith  r e s p e c t  t o  g r a p h i t e .  At Ca.

1 6 .0 0 0  atmospheres eq u i l ib r iu m  shou ld  r e s u l t  at 300^K, and at 

Ca. 20.000 a tmospheres i t  sh o u ld  be e s t a b l i s h e d  at 470®K.

G U n t h e r . Ges e l l e  and R eb en t ish  ( 1943) have shown that  

diamond i s  th e  u n s t a b le  a l l o t r o p e ,  under ordinary p r e s s u r e s  

from low tem peratures  up t o  at l e a s t  2300^0. but i t  i s  1 . 6  t im es

as dense  as  graph ite^  hence th e  c o n d i t i o n s  that  favour i t s

form ation  are  a h ig h  p r e s s u r e  ( t o  make i t  s t a b l e )  and a h igh  

tem perature ( t o  overcome i t s  i n e r t n e s s ) .  Prosen .  Jessup and 

R o s s i n i  (1944)  showed tha t  th e  h e a t s  of  combustion at 25^C 

and one atmosphere for  diamond and g r a p h i te  are 94*49% c a l s ,  

per  gm. atom and 94.O4K c a l s ,  p er  gm atom r e s p e c t i v e l y ,  i . e .  a 

d i f f e r e n c e  o f  +O.45K @la per  gm. atom. They concluded  th e r e 

f o r e ,  th a t  at o r d i n a r y 'tem perature  g r a p h i t e  i s  th e  s t a b l e  form. 

This has a lread y  shown experiment a l l y  ( Giiint her a L ) t o  be so

up to  at l e a s t  2»300®C at ord in ary  p r e s s u r e s .

Bridgmein (1947)  exposed g r a p h i te  e i t h e r  a lon e  or 

seeded  w ith  diamonds t o  p r e s s u r e s  from 15.OOO to  3 0 ,0 0 0  K.g/cm 

at 2000^0 . When th e  g r a p h i t e  was a lo n e ,  no diamonds were formedj
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when i t  was seeded.* the  diamonds went over com plete ly  to  

g r a p h i t e  under 15,000 K.g/cm^, but l e s s  r e a d i l y  as  th e  p r es su re  

r o s e ,  u n t i l  at 30,000 K.g/cm^ th e r e  was no change. Hence above 

t h i s  p r e s s u r e  we should  expect  th e  g r a p h i te  t o  go over to  

diamond, but t h i s  co u ld  not be t e s t e d  e x p e r im e n t a l l y . In as  

much as diamond does not form under c o n d i t i o n s  much more d r a s t i c  

than th o s e  c a l c u l a t e d  t h e o r e t i c a l l y  ( R o s s in i  and Jessup)  i t  i s  

p o s s i b l e  th a t  th e  c o n t r o l l i n g  f a c t o r  i s  the  speed o f  co n v e r s io n .  

R e c e n t ly  th e  General  E l e c t r i c a l  Co* L a b o r a to r ie s  in  U .S .A .  have 

r e p o r te d  th e  a r t i f i c i a l  p r o d u c t io n  o f  diamond, though reach ing  

h ig h e r  p r e s s u r e s  than were form erly  a v a i l a b l e .

In f a c t , the  mechanism by which diamonds were formed 

i n  na tu re  remains a m ystery ,  a l thou gh  i t  seems obvious from the  

thermodynamic ev id en ce  c i t e d  th a t  extrem ely  h igh p r e s s u r e s  are  

e s s e n t i a l .  The m atter  i s ,  t h e r e f o r e ,  s t i l l  occupying c o n s id e r 

a b le  a t t e n t i o n  in  s e v e r a l  l a b o r a t o r i e s .



— 15 —

OHAPTER I I .

CRYSTAL GRQYilTH AND VICINAL FAOES .*

The s tudy  o f  c r y s t a l  growth has assumed in c r e a s in g  

importance in  r e ce n t  years  in  both t h e o r e t i c a l  and exper im enta l  

p h y s ic s  and c h e m is tr y .

A rev iew  o f  th e  h i s t o r i c a l  development o f  c r y s t a l  

growth t h e o r i e s  has been g iv e n  by Wells (1946)  and Buckley  

(1951)*  Only a b r i e f  rev iew  o f  th e  p r e v io u s  s t u d i e s  o f  growth  

mechanism o f  c r y s t a l s  t o g e t h e r  w ith  th e  a m i a b l e  in form ation  

about diamond w i l l  be g i v e n .

The f i r s t  q u a n t i t a t i v e  theory  fo r  the  study o f  c r y s t a l  

growth was g iv e n  by Gibbs (1878)  on thermodynamical grounds.

P f a f f  (1878)  made a s tudy  o f  s e v e r a l  cub ic  c r y s t a l s ,  and l a t e r  

Brauns (1887)  on octah ed ra  o f  l e a d  n i t r a t e ,  came to  th e  c o n c lu s 

ion  th a t  many hab it  f a c e s  make a v ery  sm all  and v a r i a b l e  angle  

w ith  th e  low index p l a n e ,  and cannot be r e f e r r e d  t o  the  s imple  

i n d i c e s .  Such f a c e s  are  c a l l e d  " v i c i n a l  f a c e s " .

Miers ( 1 9 0 3 ) ,  (1904)  c o n s t r u c t e d  a t e l e s c o p e - g o n io m e te r  

arranged so th a t  th e  c r y s t a l  was suspended in  th e  acqueous s o l u t 

ion* w ith  th e  zone which was b e in g  measured had a l l  i t s  f a c e s  

v e r t i c a l ,  so th a t  th e  p o s s i b l e  d i s t o r t i n g  a c t i o n  o f  g r a v i t y  was 

e l i m i n a t e d .  Miers began h i s  s t u d i e s  w ith  cubic  c r y s t a l s  whose 

t h e o r e t i c a l  a n g le s  were c a l c u l a b l e ,  and found that  fo r  potass ium  

alum t h e  goniometer  r e f l e c t i o n  from the  oc ta h ed ra l  f a c e s  gave
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th r e e  c l o s e l y  spaced  im ages ,  whose p o s i t i o n s  were between one 

minute and twenty minutes o f  arc from th e  ( i l l )  d i r e c t i o n .

During growth th e  m u l t ip l e  images were r e p e a te d ly  re p la c ed  by 

o th er  images l y i n g  i n  d e f i n i t e  z o n e s .  The most important co n c lu s 

io n  which Miers has drawn from h i s  s t u d i e s  i s  that  th e  v i c i n a l  

f a c e s  correspond ing  to  any s i n g l e  h ab it  f a c e  f r e q u e n t ly  produce  

low pyram ids ,  or growth pyramids and tha t  th e  i n d i c e s  o f  the  

v i c i n a l  f a c e s ,  however h igh  were r a t i o n a l .  He b e l i e v e d  that  

v i c i n a l  f a c e s  are  produced by the  d e p o s i t i o n  o f  m olecu lar  p la n es  

o f  s o l u t e  p a r a l l e l  t o  h igh  index  p la n e s  o f  th e  l a t t i c e .

Hedges (1926)  u s in g  th e  same k ind  o f  goniometer fo r  h i s  

s t u d i e s  on Epsom and R o c h e l l e  s a l t s  supported  Miers* main v ie w s .  

Kalb ( 1 9 3 0 ) ,  (1933)*  (1934)  extended  th e  g on iom etr ic  study  o f  

v i c i n a l  f a c e s  t o  non-cu b ic  c r y s t a l s  in c lu d in g  quartz and to p a z .

He showed th a t  th e  v i c i n a l  f a c e s  can occur a long c e r t a i n  w e l l  

d e f in e d  zones  and th a t  t o  determ ine the  exact  p o s i t i o n s  o f  th e  

lo w - in d e x  p la n e s  i t  i s  e s s e n t i a l  to  determine the  p o i n t s  o f  i n t e r 

s e c t i o n  o f  t h e s e  z o n e s .

Schubnikow and Brunowsky ( 1931) a p p l i e d  X-ray and 

g o n io m e tr ic  methods t o  t h e  study o f  th e  r e l a t i o n s h i p  o f  v i c i n a l  

f a c e s  t o  th e  t r u e  l a t t i c e  p la n e s  and came to  th e  c o n c lu s io n  that  

v i c i n a l  f a c e s  are t r u l y  p lane  s u r f a c e s .  More r e c e n t l y  Tolansky  

(1945)  u s in g  m ult ip le -beam  in te r f e r o m e tr y  showed tha t  the  

v i c i n a l  f a c e s  on a major rhombohedral f a c e  o f  quartz p o s s e s s  

a s l i g h t  c y l i n d r i c a l  cu rv a tu re .
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'In recen t  y e a r s ,  experim ents  have been c a r r i e d  out by 

s e v e r a l  w orkers ,  as a r e s u l t  o f  which the  comment has ga ined  

ground th a t  a c r y s t a l  grows by s u c c e s s i v e  d e p o s i t i o n  o f  l a y e r s  

on t h e  main f a c e s  o f  th e  c r y s t a l .

M arce l in  (1918)  i n  a posthumous p u b l i c a t i o n  reported  

growth by l a y e r  d e p o s i t i o n .  He s t u d ie d  th e  growth o f  t h i n  

p l a t e s  o f  p .  t o l i r i d i n e  from a l c o h o l i c  s o l u t i o n s  and concluded  

th a t  c r y s t a l s  grow by d e p o s i t i o n  and spread ing  o f  s u c c e s s i v e  

l a y e r s  whose t h i c k n e s s e s  approach m olecu lar  d im ens ions .

Volmer (1922)  observed  s i m i l a r  t h i n  l a y e r s  i n  s t u d i e s  

on t h i n  c r y s t a l s  o f  l e a d  i o d id e  (P b ig )  formed by mixing l e a d  

n i t r a t e  Pb(N0^)2 and p o tass ium  io d i d e  K I .

M arce l in  and Boodin ( 1930) a l s o  observed s i m i l a r  l a y e r  

form ation  on n aph ta len e  and on s e v e r a l  o th e r  organ ic  c r y s t a l s .

Kowarski ( 1935) ex tended  the  s t u d i e s  o f  the  growth o f  

p . t o i u i d i n e  c r y s t a l s  from t h e  vapour. He found that  th e  l a y e r s  

were u s u a l l y  i n i t i a t e d  a t , t h e  i n t e r s e c t i o n  o f  an edge w ith  a 

neighbouring- c r y s t a l .  A lso  t h i n  l a y e r s  propagated  f a s t e r  than  

the  t h i c k e r  o n es .

Tolansky and Wilcock (1946)  u s in g  th e  c r o s s e d - f r i n g e  

t e c h n iq u e  fo r  th e  study o f  diamond s u r f a c e s  have g iv e n  ev idence  

f o r  th e  growth o f  diamond by l a y e r  d e p o s i t i o n .  They ex p la in ed  

the  w e l l  known t r i a n g u l a r  d e p r e s s io n s  ( t r i g o n s )  as p o s s i b l y  

formed by th e  i n t e r s e c t i o n  o f  growth s h e e t s  advancing a cro ss  

th e  c r y s t a l  s u r fa c e  in  t h r e e  d i r e c t i o n s  i n c l i n e d  at 60^  to  each

o t h e r .
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Bunn and Emmet ( 1949) have d e s c r ib e d  the  growth o f  

a number o f  c r y s t a l s ,  both i o n i c  and n o n -p o la rb y la y er  

d e p o s i t i o n .  Their  study c o n s i s t e d  in p l a c in g  a drop o f  warm 

s a t u r a te d  s o l u t i o n  on a warm m icro sco p ic  s l i d e .  This was then  

covered  w ith  a t h i n  c o v e r - s l i p ,  and observed  under th e  microscope  

u s in g  dark-ground i l l u m i n a t i o n  under h igh  r e s o l u t i o n .  Their main 

c o n c l u s i o n s  can be summarized as f o l l o w s r -

1 . Growth s h e e t s  spread  very  o f t e n  not from th e  edges  

or c o r n e r s ,  but from th e  c e n t r e s  o f  th e  f a c e s .

2 . The t h i c k n e s s  o f  s h e e t s  in c r e a s e d  as they  spread away 

from t h e i r  p o i n t s  o f  i n i t i a t i o n .

3 .  The growth f r o n t s  were o f t e n  i r r e g u l a r  i f  th e  growth 

was rap id  but tended  to  be more r e g u la r  and conform to  

th e  c r y s t a l  symmetry as th e  growth r a te  d ec r ea se d .

4 .  The shape o f  a c r y s t a l  co u ld  be m o d if ie d ,  or even  

c o m p le te ly  changed by th e  p r e s e n ce  o f  c e r t a i n  im p u r i t i e s  

i n  .the s o l u t i o n .  The reason  i s  th a t  th e  im p u r i t i e s  are  

s t r o n g ly  absorbed on ly  on c e r t a i n  f a c e s  o f  th e  c r y s t a l ,  

thereby  r e ta r d in g  th e  growth o f  t h e s e  f a c e s .  The 

im purity  may be absorbed on f a c e s  which normally  grow 

r a p id ly  ( th a t  i s ,  p la n e s  which are  not th e  s im p le s t  and 

do not normally a p p ea r ) ,  and in  t h e s e  c ircum stances  the  

r a t e  o f  growth o f  th e  f a c e s  may be so much reduced that  

they  become the  predominant f a c e s  on th e  c r y s t a l*  The 

p r e s en c e  o f  m odify ing  im p u r i t i e s  may o f t e n  by u nsu sp ect

ed; hence we sometimes f i n d  c r y s t a l  e x h i b i t i n g  fo r  no
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 * apparent reason  f a c e s  not o f  the  s im p le s t  ty p e .

Gibbs (1878)  gave th e  f i r s t  q u a n t i t a t i v e  theory  fo r  

th e  study  o f  growth o f  a p e r f e c t  c r y s t a l .  Curie ( 1 8 8 5 ) ,  Wulf 

(1901)  and o th e r s  f o l l o w e d .  During th e  l a s t  t h i r t y  years  an 

atomic th e o r y  o f  c r y s t a l  growth has been developed  by Volmer 

( 1 9 3 9 ) t K o ss e l  ( 1 9 2 7 ,  1 9 2 8 ) ,  s t r a n s k i  and h i s  co-workers (1928 ,  

1949)# Becker and Doring ( 1935) ,  Frenkel ( 1945, 1946) and Doring

(1949) '

The th e o ry  c o n s id e r s  t h e  growth o f  an i d e a l l y  p e r f e c t  

c r y s t a l .  Although i t  e x p l a i n s  why r e g u la r  forms in  th e  p lane  

habit  f a c e s  are assumed by th e  c r y s t a l  when growth f r o n t s  which  

i s  s m a l le r  than th e  th e o ry  p r e d i c t s .

Moreover th e  i n t e r p r e t a t i o n  o f  v i c i n a l  f a c e s  as a 

s u c c e s s i o n  o f  u n iform ly  .spaced growth f r o n t s  i s  not p o s s i b l e  

a cc o rd in g  t o  th e  n u c l é a t i o n  t h e o r y .

More r e c e n t l y  Burton,  Cabrera and Frank ( 1949) i^ave 

p o in t e d  out th a t  th e  o b s e r v a t io n s  o f  Volmer and Schuttz  which  

were p u b l i s h e d  in  (1931)  on th e  growth o f  i o d in e  c r y s t a l s  from 

the  vapour at s u p e r s a t u r a t io n s  as  low as 1^/q cou ld  not be 

in t e r p r e t e d  by th e  n u c lé a t io n  th e o r y )^  th e y  found th a t  th e  

c a l c u l a t e d  r a te  o f  n u c l é a t i o n  was sm a l le r  than the  observed  r a te  

by th e  enormous f a c t o r  o f

In f a c t ,  any v i s i b l e  c r y s t a l  needing f re s h  two-  

dim ens iona l  n u c l é a t i o n  i n  order t o  grow would not be expected  to

e x h i b i t  a com plete  f a c e .

Owing t o  th e  s e r i o u s  d i s c r e p a n c ie s  between theory  and
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experiment Burton and Cabrera ( 1949) re-examined the  b a s i s  of  

th e  n u c l é a t i o n  t h e o r y .  They m od if ied  i t  t o  in co rp o ra te  the  

concept  o f  Frenkel  ( 1945, 1946) th a t  th e  boundary o f  the  nuc leus  

i s  not e x a c t l y  r e c t i l i n e a r  at  f i n i t e  /temperatures owing to  the  

p r e s e n c e  o f  thermal ( * Frenkel* )  k inksj  they  co n s id er e d  th e  

e f f e c t s  o f  the  s u r f a c e  d i f f u s i o n  o f  absorbed m o le c u le s ,  and th e  

change i n  shape o f  th e  n u c le u s  in  v a r io u s  s t a g e s  o f  i t s  growth.  

They conc luded  th a t  apart from th e  om iss io n  o f  r e l a t i v e l y  un

important num erica l  f a c t o r s ,  th e  formulae developed  by Becker 

and Doring ( 1935) were e s s e n t i a l l y  c o r r e c t  and the  d iscrepancy  

between th eo ry  and th e  ex p er im en ta l  r e s u l t s  o f  Volmer and Schultz  

was s t i l l  enormous. However, Frank ( 1949) su g g es ted  as a p o s s i b l e  

e x p la n a t io n  th a t  th e  r e s u l t s  were i n  much c l o s e r  accord w ith  the  

t h e o r e t i c a l  r a t e  o f  growth o f  io d in e  c r y s t a l s  c o n t a in in g  a 

p a r t i c u l a r  type  o f  l a t t i c e  im p e r fe c t io n  (screw  d i s l o c a t i o n ) .  He 

has p o in t e d  out th a t  d i s l o c a t i o n s  c a t a l y z e  c r y s t a l  growth so that  

an o th e r w is e  p e r f e c t  c r y s t a l  c o n t a in in g  d i s l o c a t i o n s  should  grow 

f a r  more q u ick ly  than one which does n o t .  In f a c t ,  Frank's  

a n a l y s i s  has shown th a t  the  p r e s e n c e  o f  d i s l o c a t i o n s  i s  almost a 

n e c e s s i t y  in  growth o f  c r y s t a l s  by vapour d e p o s i t i o n  o T  from 

s o l u t i o n  in  p e r io d s  o f  t ime o f  everyday or even o f  g e o l o g i c a l  

i n t e r e s t .  Hence c r y s t a l s  may grow u n t i l  at  l e a s t  one d i s l o c a t i o n  

i s  g e n e r a te d  ’’a c c i d e n t a l l y ” i f  eq u i l ib r iu m  means are not  

a v a i l a b l e .  I t  may thus be concluded  th a t  at l e a s t  a f r a c t i o n  o f  

the  d i s l o c a t i o n s  in  a c r y s t a l  i s  gen era ted  during growth and 

p la y s  an important r o l e  in  such growth.
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According t o  Frank 1949a ,  i f  d i s l o c a t i o n s  are p r e s e n t ,  

t h e r e  w i l l  i n  g e n e r a l  be exposed m olecular  t e r r a c e s  a s s o c i a t e d  

w ith  t h e i r  t e r m in a t io n s  on a c r y s t a l  f a c e ,  and growth can 

c o n t in u e  on t h e s e  t e r r a c e  edgesj  th e r e  i s  then  no need fo r  

r e p e a te d  n u c l é a t i o n .  On t h i s  b a s i s  Frank ( 1949b) p r e d ic t e d  that  

th e  f ro n t  a t ta c h e d  t o  a s i n g l e  d i s l o c a t i o n  grows outwards in  a 

s p i r a l  f a s h io n  w h i le  a p a i r  o f  d i s l o c a t i o n s  emit growth f r o n t s  

as c l o s e d  r ings^  form ation s  such as  t h e s e  have in  f a c t  been 

observed  by v a r io u s  w orkers .  The f i r s t  d i r e c t  v i s u a l  ev idence  

of  the  e x i s t e n c e  o f  d i s l o c a t i o n s  was r e p o r te d  by G r i f f i n  in  

(1950)  as  th e  r e s u l t  o f  h i s  m icro sco p ic  o b s e r v a t io n s  on b e r y l  

c r y s t a l s .  S ince  then  th e  volume o f  ex p er im en ta l  o b s e r v a t io n s  

c a r r i e d  out by v a r io u s  workers in  support o f  th e  th eo ry  o f  s p i r a l  

mechanism has grown c o n s i d e r a b l y .  Dawson and Vand (1951)  u s in g  

e l e c t r o n - m i c r o s c o p i c  t e c h n iq u e s  observed  growth s p i r a l s  on 

c e r t a i n  p a r a f f i n  c r y s t a l s  o f  r e l a t i v e l y  h igh  m olecular  w e ig h t .  

Amelinckx ( 1951a ) , Verma ( 1951&) o th e r s  a l s o  observed  s p i r a l s  

on s i l i c o n  ca r b id e  c r y s t a l s .  Further  Forty ( l 952a) has shown 

th a t  cadmium i o d id e  c r y s t a l s  o c c a s i o n a l l y  develop s p i r a l  

p o ly m o lecu la r  growth f r o n t s .

Although th e  tw o-d im ens iona l  n u c l é a t i o n  theory  f a i l s  

to  e x p la in  th e  u n i v e r s a l  p r e s e n c e  o f  v i c i n a l  f a c e s ;  Frank*s 

th e o ry  g i v e s  a n a tu r a l  i n t e r p r e t a t i o n  fo r  each growth s p i r a l  

g i v e s  r i s e  t o  a low growth pyramid ce n tre d  on any 'a c t iv e *  d i s 

l o c a t i o n  group. The s u c c e s s i v e  branches o f  th e  s p i r a l  are
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u n ifo rm ly  spaced  and i f  th e  s p i r a l  i s  p o ly g o n a l ,  ra th er  than  

c i r c u l a r ,  each s i d e  o f  the  po lygon  w i l l  g iv e  r i s e  to  a v i c i n a l  

f a c e .  But t h e r e  i s  l i t t l e  exper im enta l  ev idence  in  favour o f  

t h i s  i n t e r p r e t a t i o n ,  as th e  growth s p i r a l s  are p o ly g o n a l  only  

on th e  p a r a f f i n  c r y s t a l s  s t u d ie d  by Dawson and Vand.

However, doubts about the theory  have been exp ressed  

by some w orkers ,  n o ta b ly  Buckley (1952 a , b ) ,  ( 1953) who has had 

e x p e r ie n c e  o f  hundreds o f  i n d i v i d u a l  c r y s t a l s  i n  a l l ,  where no 

s u s p i c i o n  ever  occurred  th a t  screw d i s l o c a t i o n s  w ith  p o s s i b l y  

accompanying s p i r a l s  p la y e d  any s i g n i f i c a n t  part  w hatsoever .

He s u g g e s t s  th a t  s p i r a l  form ation  i s  not always e s s e n t i a l  to  

growth but i s  a l a t e  i n c id e n t  in  growth due to  v o r t i c e s  or ed d ie s  

which would impress on the  uppermost s u r f a c e  a s p i r a l  c h a r a c te r .

N e i th e r  u n i -m o le c u la r  growth s t e p s ,  nor a s p i r a l  

p a t t e r n  o f  growth l i n e s  have been observed  yet  on th e  o c ta h ed ra l  

f a c e s  o f  diamond, but t h i s  may be due to  th e  spac ing  between  

th e  octahedron  p la n e s  b e in g  on ly  2 . 05A^. However G r i f f i n  (1951)  

c o n s id e r s  th a t  t h e r e  i s  ev id e n c e  f o r  th e  formation  o f  m u l t i -  

m olecu lar  l a y e r s ,  on th e  octahedron f a c e s  o f  diamond: he

s u g g e s t s  th a t  i f  c r y s t a l  f a c e s  c o n s i s t e n t l y  e x h ib i t  m u l t i -  

m olecular  l a y e r s ,  u n i -m o le c u la r  s t e p s  w i l l  not always be found 

on t h e s e  f a c e s ,  and the  d i r e c t  ev idence  for  growth w i l l  not

t h e r e f o r e  be a v a i l a b l e .

More r e c e n t l y  Omar, Tolansky and Pandya ( 1954)

Pandya and Tolansky ( 1954) have g iv en  some ev idence  by e tc h in g
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th e  diamond at d i f f e r e n t  s t a g e s  th a t  growth has proceeded  

by l a y e r  fo rm a t io n .  They were supported  in  t h e i r  v iews by the  

f a c t  th a t  a l l  a t tem p ts  to  f i n d  a s p i r a l  on diamond have f a i l e d  

so f a r .

In v iew o f  e x i s t i n g  u n c e r t a i n t i e s  th e  p o s s i b i l i t i e s  

fo r  e n la r g in g  our knowledge about c r y s t a l  growth p r o c e s s e s  are 

enormous.

E x ten s io n  o f  th e  growth c h a r a c t e r i s t i c s  o f  diamond 

s u r f a c e s  would seem n e c e s s a r y  to  a more s a t i s f a c t o r y  s o l u t i o n  

o f  th e  problem and th e  work d e s c r ib e d  in  t h i s  t h e s i s  g i v e s  more 

in fo r m a t io n  about th e  study o f  growth f e a t u r e s  on some 

octahedron  and dodecahedron s u r f a c e s  o f  diamond.

A d e s c r i p t i o n  i s  g iv e n  o f  m ic r o s c o p ic a l  s t u d i e s  

on v a r io u s  diamond f a c e s  a s s e r t e d  by th e  use  o f  m u l t i p l e -  

beam i n t e r f e r o m e t r y .

j
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P a r t  i i

EXPERIMENTAL TECHNIQTTRS ,
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CHAPTER I 

MULTIPLE -  beam INTERFEROMETRY 

M u lt ip le -beam  i n t e r f e r e n c e  between p lane  p a r a l l e l  

s u r f a c e s  was f i r s t  i n v e s t i g a t e d  t h e o r e t i c a l l y  by Airy (1831)  

and p r a c t i c a l l y  by Boulouch (1B96) and by Fabry and Perot ( 1 8 9 7 ) .  

Tolansky was th e  f i r s t  to  r e c o g n iz e  th e  p o t e n t i a l i t i e s  o f  the  

method f o r  th e  s tud y  o f  m icrotopography.  He and h i s  co-workers  

(Tolansky et  a l  1943 -  1955) deve loped  i t  in  s e v e r a l  forms and 

have g r e a t l y  c o n t r ib u t e d  to  th e  knowledge o f  th e  su r fa c e  s t r u c tu r e  

o f  c r y s t a l s ,  e . g .  m ica ,  s e l e n i t e ,  q u a r tz ,  c a l c i t e ,  diamond e t c .  

and th e  p resen t  work ta k e s  p la c e  in t h i s  s e r i e s .

A f u l l  account o f  t h i s  te ch n iq u e  i s  d e s c r ib e d  by 

Tolansky (1948)  In h i s  book in  which r e f e r e n c e  to  o r i g i n a l  papers  

i s  made. A rev iew  o f  th e  su b je c t  i s  a l s o  g iv e n  by Kuhn ( 1951) -  

Consequently  o n ly  a b r i e f  d e s c r i p t i o n  o f  a few p o i n t s  o f  s p e c i a l  

i n t e r e s t  t o  t h i s  t h e s i s  w i l l  be g iv e n .

In  m u lt ip le -b eam  in te r fe r o m e tr y  th e  two s u r f a c e s  

in v o lv e d  sh ou ld  be c o a te d  w ith  a p a r t l y  tran sp aren t  metal f i lm  

o f  h igh  r e f l e c t i n g  c o e f f i c i e n t  by ev a p o ra t io n  i n  vacuum. I f  

such r e f l e c t i n g  s u r f a c e s  are p la n e  and p a r a l l e l ,  then  the  

e x p r e s s io n  c o n t r o l l i n g  th e  t r a n s m i s s io n  f r i n g e  shape in  such an 

in t e r f e r o m e t e r  may be w r i t t e n  as f o l l o w s / -

I m   Imaa     ( l )
1 + F s i n 2 g /2

where % s 2-tt( Z / ^ t  C ( X i 4> )  i s  the  con stant  phase l a g .
X

I ■ i n t e n s i t y  at any p o in t  in  the  f r in g e  system
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I s  peak i n t e n s i t y  o f  th e  f r in g e  »vnax   n
( 1 — R)

Ti -  r )2
where R % V RiRg, R% and Rg are the  r e f l e c t i v i t i e s  o f  the  

front  and back s u r f a c e  o f  th e  in t e r f e r o m e t e r .

yw -  r e f r a c t i v e  index  o f  th e  gap o f  th e  in te r f e r o m e te r

^  m  w ave length  o f  th e  l i g h t

t  s  th e  wedge t h i c k n e s s

(p s  a n g le  o f  in c id e n c e  o f  l i g h t

(T •  1 -  R when th e r e  i s  zero  a b so rp t io n  in  th e  f i lm )

The f a c t o r  F c o n t r o l s  th e  sharpness  o f  th e  f r i n g e s .

For sharp f r i n g e s  s i n  S can be r e p la c e d  by g  .

. . I s  . ------- IraM ------  (2)

'  r  1 * s '

At h a l f  w idth  I »  i  Imax

S = 1 , ( 3 )
fR"

The f r i n g e  phase a n g le  correspon d ing  t o  th e  f r in g e  h a l f -

• I d t h l B  _  (4 )

( T T )

The phase i n t e r v a l  between s u c c e s s i v e  orders  i s  2TT. 

h ence  th e  f r i n g e  h a l f  width a s  a f r a c t i o n  o f  an order i s

W ■ 1 -  R (Tolansky 194^) ( 5 )
IT

It  i s  t o  be noted  th a t  th e  above equat ions  apply  

s t r i c t l y  t o  p la n e  p a r a l l e l  s u r f a c e s  in  which a l l  th e  e f f e c t i v e
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beams are u sed .  In p r a c t i c e  t h i s  cannot be secured  because of

( a )  s u r f a c e  i m p e r f e c t i o n s .

(b) la c k  o f  p e r f e c t  p a r a l l e l i s m

( c )  f i n i t e  a p e r a tu r e .

I t  f o l l o w s  th a t  a l l  th e  s u r fa c e  im p e r fe c t io n s  are 

i n t e g r a t e d  and cause  broadening fo r  every f r i n g e .  Formula (3 ) 

shows th a t  i s  p a r t i c u l a r l y  s e n s i t i v e  t o  changes o f  R, when R 

i s  in  th e  neighbourhood o f  u n i t y ,  g  i s  a minimum when R i s  a 

maximum. To a c h ie v e  a maximum v a lu e  o f  R i t  i s  e s s e n t i a l  to  

reduce th e  a b so r p t io n  c o e f f i c i e n t  as much as p o s s i b l e .  The 

Contrast  or v i s i b i l i t y  o f  th e  f r i n g e s  a l s o  depends upon th e  

a b s o r p t io n  ( i n  th e  r e f l e c t e d  system  o n l y ) .

The c o n t r a s t  o f  th e  f r i n g e s  in  t r a n s m is s io n  i s  not 

a f f e c t e d  by a change o f  a b s o r p t io n  c o e f f i c i e n t  when R i s  in  the  

neighbourhood o f  u n i t y ,  so th a t  ex trem ely  sharp f r i n g e s  can be 

r e a d i l y  a ch ie v ed  by having  R as  h ig h  as 94 per  c e n t .

Because o f  t h e s e  c o n s i d e r a t i o n s  th e  p r o c e s s  o f  d e p o s i t 

ing  m e t a l l i c  f i l m s  o f  h igh  r e f l e c t in g -  c o e f f i c i e n t  and low  

a b s o r p t io n  i s  e s s e n t i a l  f o r  th e  p r a c t i c e  o f  m u l t ip le  beam 

in t e r f e r o m e t r y .  Tolansky (1948)  has a lrea d y  e s t a b l i s h e d  that  

fo r  work in  the  w ave length  r e g io n  5 -  7000A^, s i l v e r  when 

evap orated  i n  a h igh  vacuum can g iv e  h igh  r e f l e c t i v i t i e s  

(some 95 per  c e n t )  w i th  low a b so rp t io n  (below 5 per c e n t ) .  The 

s i l v e r  f i l m  n e c e s s a r y  to  produce jgiuch r e f l e c t i v i t y  i s  about 

500A^ t h i c k  and t h i s  contours  f a i t h f u l l y  su r fa c e  d e t a i l s  which
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have h e ig h t  changes even on ly  as small  as 10A°, prov ided  the

d e t a i l s  are not t o o  sm a l l  i n  e x t e n s io n  a c r o s s  th e  su r fa c e  ( say

not below I/25O mm a c r o s s ) .

The p r o p e r t i e s  o f  th e  r e f l e c t e d  system in  m u l t ip le  

r e f l e c t i o n  i n t e r f e r e n c e  are more co m p l ic a ted .  Hamy (1906)  

s t u d ie d  t h e s e  i n t e r f e r e n c e  phenomena in  r e f l e c t i o n  th orou gh ly ,  

both t h e o r e t i c a l l y  and e x p e r im e n ta l ly ,  f o r  c h e m ic a l ly  d e p o s i t e d  

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

(1948) and Holden ( 1949) r e p e a te d  Hamy's experim ents  fo r  vacuum 

d e p o s i t e d  f i l m s ,  mainly w ith  a v iew  to  a p p l i c a t i o n s  to  s u r fa c e  

topography.  The ex p er im en ta l  c o n d i t i o n s  f o r  good r e f l e c t i o n  

f r i n g e s  are more c r i t i c a l  than in  t r a n s m i s s io n .  The r e f l e c t i v i 

t i e s  o f  th e  s u r f a c e s  o f  th e  i n t e r f e r o m e t e r  must be c r i t i c a l l y

matched f o r  th e  b e s t  r e s u l t s .

Wedge I n te r f e r o m e te r

I f  th e  two h ig h l y  r e f l e c t i n g  s u r f a c e s  are i n c l i n e d  

making a sm all  a n g le  9 , th e  Airy summation i s  m od if ied  fo r  th e r e  

i s  no lo n g e r  equal path  d i f f e r e n c e  between s u c c e s s i v e  beams. The 

beams t h e r e f o r e  g r a d u a l ly  get  out o f  s t e p ,  so th a t  th e  r e ta r d a t 

ion u l t i m a t e l y  becomes V 2  • which tends  to  d es tro y  th e  c o n d i t io n  

fo r  th e  form ation  o f  sharp f r i n g e s .  Tolansky (1946a) and B r o sse l  

(1947)  have shown th a t  when th e  f r i n g e s  are viewed at th e  s u r f a c e ,  

th e  path  d i f f e r e n c e  between th e  f i r s t  and n^b beam i s  2 nt -  

â  n^ ^  t ,  where t i s  th e  t h i c k n e s s  o f  th e  f i lm  c o n s id er e d .  When

9^ t *  ^  , th e  f i r s t  and n^b beams are out o f  phase and
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thus th e  f r i n g e  d e f i n i t i o n  w i l l  s u f f e r .

I f  X i s  th e  number o f  f r i n g e s  per  cm on the  wedge 

s u r f a c e ,  6 «  ^  X and t h e r e f o r e  t « 3

For th e  Airy c o n d i t i o n  to  be approximated to^ t  should  

be l e s s  than t h i s .

In p r a c t i c e  th e  important fa c t  i s  that  t  should  be as  

sm all  as p o s s i b l e  (not  e x c e e d in g  a few w a v e - le n g th s  o f  l i g h t ) .  

Also in  a wedge, the  l i n e a r  d isp lacem ent  o f  th e  s u c c e s s i v e  beams 

i s  a m atter  o f  c o n s id e r a b l e  importance and must be kept w ith in  

th e  l a t e r a l  r e s o l v i n g  l i m i t  o f  th e  o b j e c t i v e .  T herefore  again  

t must be as sm a l l  as p o s s i b l e  and i t  i s  p r e f e r a b l e  to  u se  normal 

i n c i d e n c e  o f  i l l u m i n a t i o n  f o r  which o b j e c t i v e s  must be l a r g e  

enough t o  c o l l e c t  a s u f f i c i e n t  number of  beams. Again a broaden

in g  o f  f r i n g e s  w i l l  occur i f  th e  beams in c id e n t  on th e  i n t e r 

fero m eter  are not p a r a l l e l .  For t h i s  purpose th e  l i g h t  from the  

source  i s  f o c u s s e d  on an i r i s  diaphragm which i s  stopped  down to  

w it h in  th e  t o l e r a n c e  l i m i t s  ( l  -  3^) and t h i s  a c t s  as  th e  sou rce .

Thus th e  fundamental c o n d i t i o n s  fo r  th e  p rod uct ion  o f  

h ig h ly  sharpened m u lt ip le -b eam  Fizean f r i n g e s  a r e : -

(1 )  The s u r fa c e  must be co a ted  w ith  a h ig h ly  r e f l e c t 

in g  f i l m  o f  minimum a b so rp t io n

( 2 ) This  f i l m  must contour th e  s u r fa c e  e x a c t l y  and be 

h i g h l y  uniform in  t h i c k n e s s

( 3 ) Monochromatic l i g h t ,  or at most a few w id e ly -  

spaced monochromatic wavelengths  should be used.
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( 4 ) The i n t e r f e r i n g  s u r f a c e s  must be separa ted  at  

most by a few w a v e- len g th s  o f  l i g h t .

(5 )  A p a r a l l e l  beam should  be used (w i th in  a 1 -  3^ 

t o l e r a n c e )

(6 )  The in c id e n c e  shou ld  be p r e f e r a b l y  normal.  

P r a c t i c a l  A p p l ic a t io n  o f  F izean  F r i n g e s .

The p r a c t i c a l  importance o f  th e  F izean  f r i n g e s  w i l l  

now be c o n s id e r e d .

In an i n t e r f e r o m e te r  formed by th e  c o r r e c t l y  s i l v e r e d

diamond s u r fa c e  and an o p t i c a l  f l a t  th e  i n t e r f e r e n c e  f r i n g e s

o b ta in e d  may be i n t e r p r e t e d  as  a "contour map” o f  th e  non-plane

s u r f a c e ,  each f r i n g e  r e p r e s e n t in g  a change o f  from th e
2

t h i c k n e s s  o f  t h e  a d jo in in g  f r i n g e .  However th e r e  are two 

n o ta b le  d i f f e r e n c e s  between g eo g r a p h ic a l  contour  l i n e s  and th o se  

formed by i n t e r f e r e n c e .  In g e o g r a p h ic a l  co n to u r s ,  th e  i n t e r 

s e c t i n g  p la n e s  are p a r a l l e l  t o  th e  matching f l a t ,  w h i l s t  in  

o p t i c s  th e  r e f e r e n c e  f l a t  can be t i l t e d .  As t h i s  i s  t i l t e d  

d i f f e r e n c e s  emerge. I t  i s  t o  be n oted  tha t  when h igh  magnify

in g  powers are u s e d ,  th e  t i l t  must be in c r e a s e d  to  br in g  the  

f r i n g e s  c l o s e r  t o g e t h e r  so t h a t  s e v e r a l  can be seen  in  th e  sm all  

f i e l d  o f  v iew o f  th e  o b j e c t i v e .  For t h i s  purpose a s e l e c t e d  

c o v e r - s l i p  has been used  ( a s  w i l l  be d i s c u s s e d  l a t e r )  s in c e  an 

ordinary  o p t i c a l  f l a t  ( o f  1 mm. or 3 mm. th ic k )  would l i m i t  th e  

working d i s t a n c e  and thus  th e  power o f  th e  o b j e c t i v e .

L o c a l i s e d  m ult ip le-beam  f r i n g e s  obey th e  formulae
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»  2  ^  t  C o S

where n i s  th e  order o f  i n t e r f e r e n c e  and an in t e g e r ,  A i s  the  

w a v e len g th  o f  l i g h t ,  i s  th e  r e f r a c t i v e  index o f  th e  medium 

between th e  i n t e r f e r o m e t e r  p l a t e s ,  t  i s  th e  t h ic k n e s s  of  th e  

in t e r f e r o m e t e r  gap and 6 i s  th e  angle  o f  in c id e n c e .  For normal 

i n c i d e n c e  and an a i r  gap

c o s  © -  1 and » 1

• • w  X 5  2t or t  m  v\ A
2

Thus t h i s  method i s  a b s o lu t e  and measures s u r fa c e  con tours  in  

terms o f  l i g h t  waves- The c h i e f  advantage i s  that  i t  g i v e s  the  

in te r fer o g ra m  o f  an extended  area  o f  the  s u r f a c e  e s p e c i a l l y  when 

low power o b j e c t i v e s  are u sed .

The l a r g e  m ajor i ty  o f  m ult ip le -beam  F izean  f r i n g e s  

in te r fe r o g r a m s  were c a r r i e d  out in  r e f l e c t i o n  fo r  i t  i s  w e l l  to  

r e a l i s e  th a t  f o r  even a tra n sp a ren t  diamond c r y s t a l  does not o f t e n  

h a v e 'a  p la n e  s u r f a c e  at i t s  r e v e r s e  f a c e .

The ex p er im en ta l  arrangement fo r  ob serv ing  th e  f r i n g e s  

in  r e f l e c t i o n  i s  shown in  f i g u r e  ( 3 ) .

A m e t a l l u r g i c a l  m icroscope  i s  adapted so th a t  the  

image I o f  th e  l i g h t  source  i s  formed in  th e  back f o c a l  p lane  

o f  th e  o b j e c t i v e  0 ,  th u s  e n a b l in g  th e  o b j e c t i v e  to  d i r e c t  a 

p a r a l l e l  beam o f  l i g h t  at normal in c id e n c e  on to  th e  i n t e r f e r 

ometer X.

U s u a l ly  only  th e  green  mercury l i n e  5460A*̂  was used  

f o r  t h e  in t e r f e r o m e t r i c  exam inat ion ,  so that  the  sep a r a t io n
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between f r i n g e s  corresponds to  2730A°. O c c a s io n a l ly  i t  was 

d e s i r a b l e  to  u se  th e  green  l i n e  i n  co n ju n ct io n  with  th e  ye l low  

l i n e s  o f  5770A® and 579OA® e s p e c i a l l y  f o r  th e  p re l im in ary  

i n s p e c t i o n  o f  th e  s u r f a c e .  At o ther  t im e s  u n f i l t e r e d  mercury 

has been used ( e f f e c t i v e l y  t h i s  c o n s i s t s  o f  th e  above t h r e e ,  

p lu s  th e  4358a°  and 4078a° g r o u p s ) .  I t  i s  t o  be emphasized  

th a t  h ig h  d e f i n i t i o n  m u lt ip le -b ea m  F ize a n  f r i n g e s  are  on ly  

o b ta in ed  when a l l  th e  n e c e s s a r y  o p t i c a l  c o n d i t i o n s  are  

c r i t i c a l l y  obeyed.

A supplementary te ch n iq u e  has a l s o  been used  ( i n  

T o la n s k y ' s  nomenclature)  " f r i n g e s  o f  equal chromatic order" .  

F r in g e s  o f  Equal Ohrpmatic Order.

This i s  an a l t e r n a t i v e  tech n iq u e  to  m ult ip le-beam  

F izean  f r i n g e s  and forms another  powerful  t o o l  fo r  th e  accura te  

measurement o f  o p t i c a l  d i s t a n c e s .  Thus i f  th e  image o f  a s e c t i o n  

o f  an in t e r f e r o m e te r  wedge i s  p r o j e c t e d  on th e  s l i t  o f  th e  

sp e c tr o g r a p h ,  w h ite  l i g h t  b e in g  u s e d ,  f r i n g e s  o f  equal chromatic  

order are observed  in  t h e  f o c a l  p la n e  o f  th e  sp ec tro g ra p h .  The 

i n t e n s i t y  d i s t r i b u t i o n  a lo n g  any v e r t i c a l  l i n e  i s  th a t  o f  i n t e r 

f e r e n c e  o f  equal t h i c k n e s s  produced in  monochromatic l i g h t .  I t  

i s  determ ined  by th e  v a r i a t i o n  o f  th e  gap between th e  two s u r f a c e s ,  

a lon g  th e  l i n e  o f  th e  s l i t . The i n t e n s i t y  d i s t r i b u t i o n  a long  

any o th er  v e r t i c a l  l i n e  i s  th e  r e s u l t  o f  th e  same "contour"  

observed  in  l i g h t  o f  a d i f f e r e n t  wavelength  and thus a l l  r e f e r  

t o  th e  one r e g io n  on th e  s u r f a c e  under s tu d y .  Although t h i s
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method i s  l i m i t e d  t o  a l i n e  ’’co n to u r ” o n ly ,  i t  has the  important  

advantage o f  th e  immediate r e c o g n i t i o n  between up and down 

d i r e c t i o n s  which i s  sometimes d i f f i c u l t  when us ing  F izean  f r i n g e s .

I t  i s  o f  i n t e r e s t  to  n o te  t h a t ,  i f  an extended area o f  

an o b je c t  i s  t o  be i n s p e c t e d ,  t h i s  can be q u ick ly  c a r r i e d  out 

v i s u a l l y  merely by scanning  the  image a c r o s s  the  spectrograph  

s l i t  w ith  a s low motion screw . Also th e  measurements o f  wave

l e n g t h  can be made e i t h e r  d i r e c t l y  from th e  w avelength  drum of  

the  sp e c tr o g r a p h ,  or from photographic  p l a t e s ,  on which are  

exposed both th e  f r i n g e s  o f  equal chromatic order and th e  mercury 

spectrum.

However, th e  same c o n s i d e r a t i o n s  tha t  apply to  m u l t ip l e -  

beam F izea n  f r i n g e s  apply e q u a l ly  t o  th e  m ult ip le -beam  f r i n g e s  o f  

equal chrom atic  order except  t h a t ,  the  p r e c i s i o n  o f  measurements 

i n  th e  l a t t e r  i s  not  a f f e c t e d  by l o c a l  v a r i a t i o n s  i n  d i s p e r s io n  

which i s  a r e s t r i c t i n g  f e a t u r e  o f  F izean  f r i n g e s .  Thus h ig h -  

power o b j e c t i v e s  can s a f e l y  be used w ithout  th e  f r i n g e s  s u f f e r i n g .

A s im ple  o p t i c a l  s e t - u p  which can be used f o r  examining  

r e f l e c t i o n  f r i n g e s  w ith  e i t h e r  pure monochromatic l i g h t  or white  

l i g h t , . i s  shown in  f i g u r e  ( 4 ) .

The source  A i s  a mercury arc; e i t h e r  a very  wide  

s l i t  can be used  or th e  _ s l i t  may be removed e n t i r e l y .

One t h e n ,  s e e s ,  f r i n g e s  from th e  su r fa c e  XY in th e  

sp ec trograp h  at PQ, as shown in  f i g u r e  4 (A ) .  L,M,N,0  are the  

p a t t e r n s  of  the  y e l lo w  doublet  (LM), the  green l i n e  K, and the  

b lue  l i n e  0 * An advantage o f  t h i s  system i s  th a t  an a l t e r n a t i v e
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w h i t e - l i g h t  source  at B p erm its  f r i n g e s  o f  equal chromatic  

order to  be observed  by a quick change-over  o f  the  r e f l e c t o r  

between l e n s  and in t e r f e r o m e t e r ,  f o l lo w e d  by s u i t a b l e  a d j u s t 

ment o f  the  l e n s  L.

Measurement of  s t e p - h e i a h t s .

For an a i r  gap and normal in c id e n c e  we may w r i t e  

'Yi 7̂ s

( i )  For sm a l l  spaced  f r i n g e s  where th e r e  are many

f r i n g e s  in  th e  f i e l d  o f  v iew  th e  s imple r e l a t i o n

dt s  dn X 1 X i s  a p p l i c a b l e  (dn i s  a sm all
2

f r a c t i o n  o f  an o r d e r ) .

However, in  t h i s  c a s e  i t  i s  only  n e c e s sa r y  to  measure 

th e  f r a c t i o n  o f  an order d isp lacem ent  dn at one w ave length .  A

d isp lacem ent  towards th e  v i o l e t  corresponds t o  a s t e p  towards

th e  o p t i c a l  f l a t .

( i i )  For w id e ly  spaced f r i n g e s  where p o s s i b l y  no more 

than t h r e e  or four  f r i n g e s  appear in  th e  v i s i b l e  

r e g io n  th e  r e l a t i o n  dt -  n d ^ can be 

a p p l i e d  (Tolansky 1948) where d X i s  th e  wave

l e n g t h  change produced by d t , which need not 

n e c e s s a r i l y  be s m a l l .  The q u a n t i ty  n i s  

o b ta in a b le  s i n c e

n X s  (n + 1) X, .

f o r  two ad jacent  o rd er s ,  g iv in g

n = I
X -  X ,
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with  s i m i l a r  e x p r e s s io n s  fo r  o ther  p a ir s  o f  o rd ers .  S ince n 

i s  a sm a l l  number, i t  can always be determined without ambiguity  

when h igh  d i s p e r s i o n  i s  u sed .  S in ce  both n and d A are now 

determ ined  t h e s e  g i v e  dt •

High D is p e r s io n  I n t e r f e r e n c e  F r i n g e s .

I t  has a lr ea d y  been s t a t e d  th a t  th e  sp ac in g  of  the  

F izean  f r i n g e s  can be a d ju s t e d  by th e  t i l t  o f  th e  o p t i c a l  f l a t  

and may be adapted t o  th e  p a r t i c u l a r  purpose .  I f  th e  two su r fa c e s  

concerned  forming a sm a l l  wedge an g le  are brought as near as  

p a r a l l e l  as p o s s i b l e  and i l l u m i n a t e d  w ith  monochromatic l i g h t  

high  d i s p e r s i o n  i n t e r f e r e n c e  f r i n g e s  are formed. On removal of  

th e  c o lo u r  f i l t e r  a h igh  d i s p e r s i o n  complex p a t t e r n  i s  ob ta ined  

as shown in  f i g u r e  ( 5 ) .  This e x h i b i t s  a w ea lth  o f  s t r u c t u r a l  

d e t a i l  not o b ta in a b le  by ord inary  m icrographie  methods,  i . e .  

t h e r e  i s  a c o n d i t i o n  o f  h igh  " in t e r f e r o m e t r ic  c o n t r a s t " .

Tolansky (1948)  has e s t a b l i s h e d  that  the  h ig h  s e n s i t 

i v i t y  o f  th e  method depends on th e  r e f l e c t i v i t y  o f  th e  s u r f a c e s .  

With r e f l e c t i v i t y ,  a v i s u a l l y  d e t e c t a b l e  change o f  IC^ in  

i n t e n s i t y  t r a n s m i t t e d  i s  produced by a s t e p  a mere 3A° in h e i g h t .

I t  i s  to  be emphasised tha t  th e  in t e n s e  i n t e r f e r e n c e  

c o n tr a s t  o b ta in ed  by t h i s  t e ch n iq u e  i s  at l e a s t  equal and in  

many ways s u p e r io r  to  tha t  g iv e n  by phase co n tr a s t  equipment.

The advantage o f  th e  in t e r f e r o m e t r i c  method over phase co n tra s t  

i s  th a t  w h i le  both r e v e a l  d e t a i l s  o f  s t r u c t u r e  as a co n tra s t  

p i c t u r e ,  a s l i g h t  adjustment o f  th e  in te r fe r o m e te r  g i v e s  p r e c i s e
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num er ica l  in fo r m a t io n  on the  depths o f  th e  s u r fa c e  d e t a i l s .

An e x t e n s io n  o f  th e  above method i s  the  "crossed -  

fr in g e "  te c h n iq u e  d eve loped  by Tolansky and Wilcock (1946) in  

which they  have combined th e  advantages  o f  both low and h igh  

d i s p e r s i o n  m ult ip le -b eam  f r i n g e s  by superim posing s e v e r a l  f r in g e  

p a t t e r n s  o f  th e  same su r fa c e  area  by ta k in g  s u c c e s s i v e  photo

graphs w ith  d i f f e r e n t  t i l t s  o f  th e  o p t i c a l - f l a t . But, i t  i s  

w e l l  t o  r e a l i s e  th a t  such a t ech n iq u e  i s  s u i t a b l e  only  fo r  t ra n s 

parent  s u r f a c e s  which do not l i e  f a r  from a mean p la n e .
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CHAPTER II  

THE DESIGN OF THE INTERFEROMETER

The i n t e r f e r o m e t e r  used  f o r  th e  p resen t  i n v e s t i g a t i o n  

was d e s ig n ed  f o r  th e  use  w ith  th e  V io k e r ' s  P r o j e c t i o n  M icroscope.  

I t  c o n s i s t e d  o f  two main p a r t s  as  shown i n  f i g u r e  ( 6 ) .  The upper 

part  o f  the  j i g  i s  a b rass  d i s c  o f  about 32 in ch es  i n  diameter  

w ith  a c e n t r a l  p o r t i o n  f o r  r e s t i n g  the  mount fo r  th e  diamonds.

The diamonds were mounted on a g l a s s  f l a t  o f  about 1 inch  diameter  

u s in g  g e l v a  cement which has a low m e lt in g  p o in t  o f  about 60°0  

and has a fu r th e r  advantage of  p e r m it t in g  th e  s to n e  under study  

t o  be viewed in  t r a n s m i s s i o n .  The diamond a f t e r  b e in g  c o r r e c t l y  

s i l v e r e d  on t h i s  h o lder  was then  h e ld  i n  p o s i t i o n  to  th e  upper 

p art  o f  th e  j i g  by means o f  sm all  screws so th a t  the  su r fa c e  o f  

th e  diamond t o  be examined fa c e d  downwards.

The low er  part  o f  th e  j i g  i s  a b ra ss  d i s c  o f  about 2.2 

in c h e s  in  d iam eter  f i t t e d  w ith  th r e e  e q u a l ly  spaced arms o f  about

2 . 5  cm. i n  l e n g t h ,  and t h e  low er  s e c t i o n  o f  each arm be ing  

surrounded by a s p r in g .  The o p t i c a l  f l a t  a f t e r  being c o z z s c t l y  

s i l v e r e d  i s  h e ld  i n  p o s i t i o n  on the  c e n t r a l  p o r t io n  o f  the  lower  

part  o f  th e  j i g  w i th  i t s  s u r f a c e  f a c in g  upwards. The screws  

a t ta c h e d  t o  th e  s t a g e  o f  th e  m icroscope a l lo w ed  the  whole j i g  

to  be r o t a t e d  w ithout i t  b e in g  touched by hand so that  th e  area  

to  be examined i s  seen  in  th e  f i e l d  o f  v iew o f  th e  m icroscope.

The upper part  o f  t h e  j i g  can be f i t t e d  on t o  th e  lower  

part  so as  t o  r e s t  on th e  to p s  o f  th e  sp r in g s  by i n s e r t i n g  the
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t h r e e  arms i n t o  th e  correspond ing  h o le s  on th e  top part  o f  the
♦

j i g .  The adjustment o f  the  in t e r f e r o m e t r i c  gap between th e  

diamond s u r f a c e  and o p t i c a l  f l a t  was then  o b ta in ed  by means of  

t h r e e  n u ts  thread ed  on th e  arms. A fter  p r a c t i c e  great  s e n s i t 

i v i t y  and c o n t r o l  were e a s i l y  a c h ie v ed  f o r  o b ta in in g  th e  requ ired  

t i l t  between th e  two s u r f a c e s .  Th is  arrangement proved to  be

very  s t a b l e ,  even at h igh  d i s p e r s i o n  the f r i n g e s  showed no

p e r c e p t i b l e  creep  over p e r io d s  as lo n g  as twenty m inutes ,  much

lo n g e r  than th e  p hotographic  exposures  needed.

O p t i c a l  F l a t s .

Three ty p es  o f  o p t i c a l  f l a t s  were used depending upon 

th e  power t o  be used  and th e  s u r f a c e  to  be s t u d ie d .

(a )  O p t ic a l  F l a t s . For n ea r ly  p e r f e c t  s u r f a c e s  of

diamond and when low powers down to  l 6 mm. to  be

u sed ,  very  h ig h -g ra d e  o p t i c a l  f l a t s  3 cms. in

diam eter  and 3*5 m.m. t h i c k  e s p e c i a l l y  made by 

H i l g e r  were u se d ,  o f  which th e  c e n t r a l  1 cm. d is c

has been worked f l a t  b e t t e r  than (Hg green
40

l i g h t ) .  L o c a l l y ,  over a p p r e c ia b le  a r e a s ,  th e s e

" f l a t s  are  l i k e l y  to  be smooth and f l a t  t o  w ith in

at l e a s t  X . probably  much b e t t e r .  For the  
200

m a jo r i ty  o f  work f l a t s  i n  the  form o f  a square

2 . 5  cm. i n  l e n g t h  and about 2 ram. t h i c k  cut from 

photographic  p l a t e s  were s a t i s f a c t o r i l y  used with  

high  powers up to  8 mm.
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(b) Micro—f l a t s . For the  study o f  su r fa c e  topography 

o f  v er y  rough s u r f a c e s  of  diamonds where th e  requ ired  c l o s e  

approach n e c e s s a r y  f o r  h i g h - p r e c i s i o n  m ult ip le-beam  in ter fero m etry  

i s  not o b ta in ed  with  ord inary  o p t i c a l  f l a t s ,  m i c r o - f l a t s  as  

d e v i s e d  by Tolansky and Omar ( 1953) were u sed .  These were in  

the  form o f  t r u n c a te d  cones  w ith  f l a t  t o p s  o f  l e s s  than 1 mm. in  

diam eter  and were prepared  by th e  author i n  th e  la b o ra to ry  w ith  

d i f f e r e n t  t h i c k n e s s e s  in  th e  f o l l o w in g  p rocedure .

An o p t i c a l  f l a t  w ith  the  req u ired  t h i c k n e s s  i s  s e l e c t e d  

and c o a te d  w ith  g e l v a  cement to  p r o te c t  the  upper su r fa c e  o f  

g l a s s  from b e in g  s c r a t c h e d .  Carborundum powder was then  spread  

over th e  g e l v a  w ith  some drops o f  water and a c y l i n d r i c a l  p i e c e  

o f  about 5 d iameter  i s  c a r e f u l l y  c u t . The c y l i n d r i c a l

p i e c e  was then  mounted by g e l v a  cement to  th e  top o f  a metal rod 

which was f i x e d  t o  a l a t h e .  The g r in d in g  was then c a r r i e d  out 

by th e  u se  o f  carborundum powder spread over a copper s t r i p  u n t i l  

the  re q u ir e d  shape and s i z e  i s  o b ta in ed .  In t h i s  manner 

t r u n c a te d  cones  o f  d i f f e r e n t  t h i c k n e s s e s  were made.

The con e ,  a f t e r  b e in g  c lea n ed  thoroughly  and s i l v e r e d ,  

i s  mounted c e n t r a l l y  i n  a s im p le  manner on a b rass  r in g  which  

s i t s  on a s p e c i a l  j i g  to  ho ld  th e  c r y s t a l  and m ic r o - f l a t  with  

co n v en ien ce  o f  moving the  s u r fa c e  o f  th e  specimen in  two 

p e r p e n d ic u la r  d i r e c t i o n s  on the  s t a g e ,  and can be brought as  

near to  th e  cone t i p  as i s  d e s i r e d .  Also th e  specimen can 

fu r th e r  be t i l t e d  t o  th e  p la n e  o f  th e  t i p  in  order to  secure  any 

re q u ir e d  i n t e r f e r e n c e  f r i n g e  d i r e c t i o n  or d i s p e r s i o n .  This i s
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s i m i l a r  t o  t h e  t y p e  d e s c r ib e d  by Tolansky and Omar ( 1953) .

A sch em a t ic  diagram o f  th e  c r y s t a l  and m i c r o - f l a t  mounted on

th e  j i g  i s  shown in  f i g u r e  ( J ) .

Vfith a 5 mm. cone t h e r e  i s  no d i f f i c u l t y  i n  u s in g  a
«

25 tnm. o b j e c t i v e  and a s l i g h t l y  s h o r t e r  cone perm its  the  use  o f  

a 16 mm. l e n s ,  both  o f  which g i v e  b es t  r e s u l t s  f o r  m ult ip le-beam  

i n t e r f e r e n c e .

( c )  O o v e r - s l i p . For the  use o f  h igh  powers ordinary  

f l a t s  are  u s u a l l y  to o  t h i c k  and l i m i t  t h e  working d i s t a n c e .  To 

overcome t h i s  d i f f i c u l t y  s e l e c t e d  c o v e r - s l i p s  were u s ed .  In t h i s  

c a s e  a 3 ram. o b j e c t i v e ,  N.A* 0 . 95 , w ith  c o r r e c t i n g  c o l l a r  f o r  th e  

c o v e r - g l a s s  t h i c k n e s s  was employed. (T h is  w i l l  be d i s c u s s e d  in  

d e t a i l  l a t e r ) .
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CHAPTER  I I I

THE SILVERIHG TECHNIQUE

The p r a c t i c e  o f  m u lt ip le -b ea m  in te r fe r o m e tr y  r e q u ir e s  

t h e  c o a t i n g  o f  two s u r f a c e s  i n v o lv e d  w ith  h ig h ly  r e f l e c t i n g  t h in  

l a y e r s  o f  m eta l  f i l m s  h av ing  very  sm all  a b so r p t io n  l o s s e s  fo r  

v i s i b l e  l i g h t .  T h is  i s  c o n v e n i e n t l y  done by th e  thermal  

e v a p o r a t io n  o f  s i l v e r  i n  a h ig h  vacuum. S in c e  th e  t e ch n iq u e  has  

been a d e q u a te ly  d e s c r i b e d  by Tolansky ( 1947, 1948) ,  S trong  (1946)  

and o t h e r s ,  a r e l a t i v e l y  b r i e f  d e s c r i p t i o n  o f  th e  t ec h n iq u e  and 

a p paratu s  used  i n  th e  p r e s e n t  work w i l l  be g i v e n .

The f i r s t  requirement f o r  s u c c e s s f u l  ev a p o ra t io n  i s  

thorough  c l e a n s i n g  o f  th e  spec im ens to  be c o a t e d .  O i l  and 

im p u r i ty  f i l m s  reduce  t h e  r e f l e c t i o n  c o e f f i c i e n t  somewhat and 

in c r e a s e  th e  a b s o r p t i o n  a g re a t  d e a l ,  bo th  o f  which are  un

d e s i r a b l e  f o r  t h e  v i s i b i l i t y  o f  t h e  f r i n g e s ,  e s p e c i a l l y  i n  th e  

r e f l e c t e d  sy s tem .  The c l e a n i n g  treatm ent  t o  be used depends  

upon th e  n a tu re  o f  t h e  s u r f a c e  t o  be s i l v e r e d .  O p t ic a l  f l a t s  of  

g l a s s  are  washed w i th  soap and water  t o  remove g r o s s  amounts o f  

g r e a s e  c o n ta m in a t io n  and th e n  c l e a n s e d  w ith  hydrogen p ero x id e  

and rubbed g e n t l y  w i th  dry c o t t o n  wool u n t i l  no b rea th  f i g u r e s  

are  s e e n .  For c l e a n i n g  o f  c r y s t a l  s u r f a c e s  a s i m i l a r  p r o c e s s  

may be a d o p ted .  But f o r  diamond which i s  very  r e s i s t a n t  t o  

ch em ic a l  a c t i o n  th e  c r y s t a l s  can be t r e a t e d  w ith  n i t r i c  a c id  and 

washed w i th  water  s e v e r a l  t im e s  and then  c le a n e d  as above .  F in a l  

c l e a n l i n e s s  i s  a c h ie v e d  by m ild  i o n i c  bombardment from a d i s 

ch arge  p a s s e d  at a p r e s s u r e  o f  about 1 mm. in  the  s i l v e r i n g  p la n t -



-  42 -

A commercial ev a p o ra t in g  u n it  manufactured by 

Edwards and Co- ( t y p e  E3) was u s e d .  The g e n e r a l  form i s  shown 

i n  f i g u r e  (8 )  a . b .  I t  c o n s i s t s  o f  a vacuum chamber in  t h e  form 

o f  a l a r g e  pyrex  b e l l  j a r  60 cm. in  h e ig h t  and 40 cm. in  diameter  

r e s t i n g  on a h o r i z o n t a l  m etal  b a s e - p l a t e .  The chamber i s  

ev a c u a ted  by a l a r g e  t h r e e - s t a g e  s i l i c o n  o i l  d i f f u s i o n  pump 

backed by a r o ta r y  o i l  pump. A number o f  vacuum -tight  i n s u l a t e d  

e l e c t r o d e s  are  f a s t e n e d  i n t o  th e  b a s e - p l a t e ,  between which th e  

e v a p o r a t io n  f i l a m e n t s  and e l e c t r o d e s  f o r  h igh  t e n s i o n  d isch a rg e  

are  c o n n e c te d .  The b ack ing  vacuum and th e  f i n a l  vacuum can be 

read  d i r e c t l y  by th e  P i r a n i  gauge and P i l i p s  i o n i z a t i o n  gauge 

s u p p l i e d  i n  th e  u n i t .  At a p r e s s u r e  o f  about 1 mm. o f  mercury 

t h e  h ig h  v o l t a g e  d i s c h a r g e  c l e a n i n g  can be s t a r t e d .  When 

10”  ̂ mm. p r e s s u r e  i s  reached  th e  s i l v e r  can be evaporated  by 

h e a t i n g  t h e  molybdenum f i la m e n t  u s in g  a cu rren t  o f  120 -150  

ampere. While th e  s i l v e r  i s  f u s i n g  a moveable s h u t t e r  covers  

th e  f i l a m e n t  t o  p r o t e c t  t h e  s u b s t r a t e  from p o s s i b l e  con tam inat ion  

E x p e r ie n ce  shows th a t  ra p id  d e p o s i t i o n  g i v e s  b es t  r e s u l t s *  t h i s  

has r e c e n t l y  been proved  by Sennet and S c o t t  ( 1950)* The t h i c k 

n e s s  o f  t h e  s i l v e r  l a y e r  and hence th e  r e f l e c t i v i t y  i s  judged  

v i s u a l l y  by v ie w in g  through  th e  top o f  th e  b e l l  jarj  in t h i s  way 

r e f l e c t i v i t i e s  may be e s t im a t e d  t o  w i t h in  a few per cent  and no 

im portant  d i f f e r e n c e s  are  found between t h e  r e s u l t s  o f  s u c c e s s i v e

e v a p o r a t io n s .
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CHAPTER IV 

THE MULTI-LAYER TECHNIQUE

In a d d i t i o n  t o  therm al  e v a p o r a t io n  o f  s i l v e r  f i l m s  on 

to  t h e  s u r f a c e  o f  t h e  sp e c im e n ,  d i e l e c t r i c  multW.ayer f i l m s  are  

found t o  be u s e f u l  i n  some c a s e s ,  e s p e c i a l l y  when a p p l i e d  t o  th e  

s tu d y  o f  t h e  ( 1 1 0 )  f a c e s  o f  diamonds ( a s  w i l l  be s e e n  l a t e r ) .  

These  f i l m s  were f i r s t  produced  i n  th e  U .S .A .  ( 1942) f o r  u s e  as  

beam s p l i t t e r s  w hich  would r e f l e c t  a p p r o x im a te ly  50^ o f  t h e  

i n c i d e n t  l i g h t  and t r a n s m i t  t h e  r e s t .  An e x t e n s i v e  b ib l io g r a p h y  

has been g iv e n  by Cotton  and Rouard (1950)  and by Kuhn (1951)  

and t h e i r  a p p l i c a t i o n  t o  i n t e r f e r o m e t r y  d e s c r ib e d  by Jacq u inot  

and Dufour (195O) and l a t e r  by T urnbull  and Belk ( 1952) and B e lk ,  

T o la n sk y  and T u rn b u l l  ( 1954)*

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

o f  h i g h  and low  r e f r a c t i v e - i n d e x  l a y e r s ,  each o f  o p t i c a l  t h i c k n e s s

( / ^ t )  e i t h e r  one q u a r te r  o f  t h e  w a v e le n g th  o f  th e  l i g h t  t o  be

employed f o r  f i r s t - o r d e r  f i l m s ,  or t h r e e  q u a r te r s  o f  t h e  wave-.

l e n g t h  f o r  s e co n d  ord er  f i l m s .  D e p o s i t s  o f  a l t e r n a t e  l a y e r s  o f

z i n c  s u l p h i d e  ( / «  = 2 . 3 7 )  and c r y o l i t e  ( *̂" •  1 . 3 6 )  o f  t h i c k n e s s

^  each  on th e  o p t i c a l  c l a s s  ( 1 . 5 )  were s u c c e s s f u l l y  u s e d .
4

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

u n d e r s to o d  by c o n s i d e r i n g  i n i t i a l l y  a s i n g l e  f i l m .  I f  a s i n g l e  

f i l m  h a v in g  an o p t i c a l  t h i c k n e s s  nt » A , where t  i s  the  

m e t r i c a l  t h i c k n e s s  and A i s  th e  w a v e le n g th  o f  l i g h t  i n  vacuo,  

i s  d e p o s i t e d  on g l a s s ,  th e  r e f l e c t i v i t y  o f  t h e  s u r f a c e  i s
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i n c r e a s e d  i f  t h e  r e f r a c t i v e  index n o f  th e  f i l m  i s  g r e a t e r

than t h a t  o f  t h e  g l a s s .  The l i g h t  r e f l e c t e d  at th e  d i e l e c t r i c -

a i r  s u r f a c e  s u f f e r s  a phase  change o f  TT and i s  i n  phase w ith

th a t  r e f l e c t e d  at t h e  d i e l e c t r i c - g l a s s  s u r f a c e  which has

t r a v e r s e d  an a d d i t i o n a l  o p t i c a l  p a th  2 nt »  A. t h i s  be ing
2

e q u i v a l e n t  t o  a phase  change o f  TT . S ince  the  l i g h t  r e f l e c t e d  

at t h e s e  s u r f a c e s  i s  in  phase  i t  i s  r e i n f o r c e d  and an in c r e a s e  

in  r e f l e c t i v i t y  t a k e s  p l a c e .  A s im ple  c a l c u l a t i o n  shows th a t  a 

s i n g l e  X l a y e r  o f  z i n c  s u lp h id e  on g l a s s  i n c r e a s e s  i t s
4

r e f l e c t i v i t y  from 45̂  t o  31%, whereas a s i m i l a r  f i l m  o f  c r y o l i t e

re d u ce s  t h e  r e f l e c t i v i t y  o f  t h e  g l a s s  from ^  t o  1%. The

r e f l e c t i v i t y  o f  a s i n g l e  q u a r te r  wave f i l m  i s  g iv e n  by
2 2

R ■=?( ^2 ~ *^1-) where n, i s  th e  r e f r a c t i v e
max ( ng + n^^ )

in d ex  o f  th e  f i l m  and ng th a t  o f  th e  s u b s t r a t e .  The r e f l e c t i v i t y

i s  a maximum fo r  th e  wave l e n g t h  at  which t h e  f i l m  i s  a quarter

wave t h i c k .

By u s i n g  a number o f  f i l m s  o f  a l t e r n a t e l y  h igh  and low

r e f r a c t i v e  in dex  and each o f  o p t i c a l  t h i c k n e s s  A , v a r io u s
4

r e f l e c t i v i t i e s  may be a t t a i n e d .  Thus w i th  1 , 3 , 5*7 nod 9 

d i e l e c t r i c  l a y e r s  (en d in g  w i th  z i n c  s u lp h id e )  r e f l e c t i v i t i e s  

eq u a l  t o  3 1 , 6 7 , 8 7 , 9 4 , 9 7  per  cent  r e s p e c t i v e l y  can be a c h ie v e d .  

J a r r e t  (1 9 5 2 )  r e p o r t s  th a t  f o r  a 7 - l n y e r  f i l m  (4  o f  z in c  su lp h id e  

and 3 o f  c r y o l i t e )  t h e  r e f l e c t i v i t y  i s  94%- and th e  a b so rp t io n  i s  

1%, w h i l e  T olansky  ( 1 9 4 6 )  has e s t a b l i s h e d  th a t  a s i l v e r  f i lm  o f
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s i m i l a r  r e f l e c t i v i t y  has an a b s o r p t io n  o f  some % .  I t  i s  

to  be n o te d  th a t  a s  th e  number o f  l a y e r s  i s  reduced th e  

r e f l e c t i v i t y  and a b s o r p t io n  d e c r e a se  and f o r  t h i s  reason  th e  

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

The t e c h n iq u e  employed f o r  t h e  p ro d u c t io n  o f  t h i n  

d i e l e c t r i c  f i l m s  i s  s i m i l a r  t o  th e  s i l v e r i n g  te ch n iq u e ;  th e  

same com m ercia l  e v a p o r a t in g  p la n t  can be adapted  fo r  the  purpose .  

The main d i f f i c u l t y  l i e s  in  the  c o n t r o l  o f  th e  t h i c k n e s s  o f  each 

l a y e r  a s  th e  m a t e r i a l  i s  d e p o s i t e d  w ithout  breaking  th e  vacuum. 

T h e r e fo r e  two' molybdenum f i l a m e n t s  are u sed  to  hold  th e  two 

d i e l e c t r i c  m a t e r i a l s  f o r  a l t e r n a t e  o p e r a t i o n s .

In  producing  m u l t i - l a y e r  f i l m s  i t  i s  n e c e s s a r y  t o  

measure th e  t h i c k n e s s  during e v a p o r a t io n  as a c c u r a te ly  and as  

s im ply  a s  p o s s i b l e .  The method o f  t h i c k n e s s  c o n t r o l  by co lo u r  

change o f  t h e  r e f l e c t e d  l i g h t  o r i g i n a t e d  by Banning ( 1947) i s  

employed and s u c c e s s f u l  r e s u l t s  are o b ta in e d .  I t  i s  o f  i n t e r e s t  

t o  em phas ise  t h a t  i n  a d d i t i o n  to  th e  h igh  r e f l e c t i v i t i e s  g iven  by 

d i e l e c t r i c  m u l t i - l a y e r  f i l m s  (which in d eed  can be almost a t t a i n e d  

by s i l v e r  f i l m s )  t h e  f o l l o w i n g  advantages  are  almost a t t a i n e d : -

1 .  The c h i e f  i s  th a t  th ey  have a low a b s o r p t io n .

2 . The e a s e  o f  o b t a i n i n g  a u s e f u l  range of  r e f l e c t i v i t i e s ,

w i th  low a b s o r p t i o n s  i s  v a l u a b l e .

3 .  There i s  t h e  p o s s i b i l i t y  o f  o b ta in in g  a range o f

r e f l e c t i v i t i e s  f o r  a range o f  d i f f e r e n t  w a v e len g th s .

4 .  The h ig h  r e f l e c t i v i t y  o f  second order f i lm s  i s  f a i r l y  

s h a r p ly  l o c a l i z e d  at one w ave length .
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5 - The h ig h  d u r a b i l i t y  and r e s i s t a n c e  to  c o r r o s io n  

o f  t h e  l a y e r s  i s  a v a lu a b l e  advantage .

In a d d i t i o n ,  th e  good co n to u r in g  p r o p e r t i e s  o f  the  

m u l t i - l a y e r  f i l m s  has been w e l l  e s t a b l i s h e d  in  t h i s  la b o r a t o r y .

For s t e p s  down t o  as sm a l l  as  1 t h  o f  th e  m u l t i - l a y e r  t h i c k n e s s ,
ÏÏÔ

th e  c o n t o u r in g  i s  s a t i s f a c t o r y ;  f o r  t h e r e  i s  at any r a t e ,  exact  

agreement w i th  th e  s i l v e r  v a lu e s  ( w i t h in  ex p er im en ta l  l i m i t s )  

down t o  s t e p s  as sm a l l  as  90 A^. However, t h i s  c o n c l u s i o n  a p p l i e s  

on ly  t o  s t e p  h e i g h t s  over  r e g io n s  which have r e l a t i v e l y  enormous 

l a t e r a l  e x t e n s i o n  compared w ith  t h e  s t e p  h e ig h t  i t s e l f .  Belk .  

T olansky  and Turnbull  ( 1954) have shown tha t  i f  th e  s t r u c t u r e  o f  

th e  spec im en  i s  more than  t h r e e  t im e s  g r e a t e r  in  l a t e r a l  e x t e n s io n  

than  i n  d e p th ,  m u l t i - l a y e r s  may s a f e l y  be u sed .

In th e  su c c e e d in g  s e c t i o n s  supplementary microscope  

t e c h n i q u e s  which have a l s o  been used  w i l l  be d e s c r ib e d .
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CHAPTER V 

THE PHASE CONTRAST MICROSCOPE.

Z6xnick6*s phas© c o n t r a s t  microscop© has bscom© a 

pow©rful and comparâti v © l y simpl© m©ans o f  r e v e a l i n g  in  sharp  

c o n t r a s t  v er y  sm a l l  p a th  d i f f e r e n c e s  in  o b j e c t s ,  p rov id ed  they  

are  on a s m a l l  enough s c a l e  t o  produce marked d i f f r a c t i o n .  The 

t e c h n iq u e  does  not l e n d  i t s e l f  t o  num erical  e v a l u a t io n  but i s  

r a p i d ,  c o n v e n ie n t  and u s e f u l  as  an e x p lo r a to r y  method.

The p r i n c i p l e s  of  phase  c o n t r a s t  microscopy were f i r s t  

g iven  by Zernitke, (1934» 1935) and a d e t a i l e d  mathematical 

account of  th e  th e o ry  t o g e t h e r  w ith  i t s  a p p l i c a t i o n  in  p r a c t i c e  

has been g iven  by v a r io u s  workers  in c lu d in g  Kohler and Loos

( 1941) ,  Burch and S tock  ( 1942) ,  Payne ( 1947)* T aylor  (1947,

1 9 4 9 ) .  An e x c e l l e n t  b ib l io g r a p h y  o f  th e  p r i n c i p l e s  and a p p l i c a t 

i o n s  o f  t h i s  t e c h n iq u e  i s  a l s o  g iv e n  by B en n et t ,  Jupnik ,

Osterburg and R ichards  ( 1 9 5 1 ) .  For t h i s  reason  th e  p r esen t  

tr ea tm en t  w i l l  be r e s t r i c t e d  t o  a b r i e f  survey  o f  th e  tech n iq u e

and t h e  ap paratus  u se d .

The method i s  somewhat d i s t a n t l y  r e l a t e d  t o  th e  dark-  

ground i l l u m i n a t i o n ,  i n  which th e  d i r e c t  beam i s  s topped  out 

C o m p le te ly .  In phase  c o n t r a s t  t h i s  beam i s  only  weakened, but 

i t s  p h a se  i s  a l s o  a f f e c t e d .  T h is  may e a s i l y  be understood  i f  we 

suppose  a d i f f r a c t i n g  o b je c t  under v iew  i n  a m icroscope .  This  

can be s e e n  by a com b inat ion  o f  l i g h t  v iew ed  as  a d i r e c t  beam 

and d i f f r a c t e d  beams ( s p e c t r a ) ,  m e n  v ie w in g  amplitude f e a t u r e s .
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the  d i f f e r e n t  d i f f r a c t e d  i n t e n s i t i e s  combine to  make a v i s i b l e  

p a t t e r n .  Z ern ick e  has e s t a b l i s h e d  th a t  th e  d i f f r a c t e d  beams 

from an o p t i c a l  phase  s t r u c t u r e  d i f f e r  from th o s e  o f  a c o r r e s 

ponding  a m p l i tu d e  s t r u c t u r e  by a phase  d i f f e r e n c e  o f  a quarter  

o f  th e  w a v e le n g th  o f  t h e  l i g h t  u sed .  Thus, r e ta r d in g  th e  

d i r e c t  l i g h t  by one q u a r ter  o f  a w ave length  b r in g s  th e  d ir e c t  

and d i f f r a c t e d  waves i n t o  p h a s e ,  g i v i n g  r i s e  t o  a n e g a t iv e  

phase  co n t r a s t  im age . P o r t i o n s  o f  th e  o b je c t  g i v i n g  g r e a te r  

r e t a r d a t i o n  are  rendered  b r ig h t  a g a in s t  a darker background.  

E q u a l ly ,  advanc ing  th e  d i r e c t  waves by one quarter  o f  a wave

l e n g t h ,  or (what i s  th e  same t h i n g )  r e ta r d in g  them by th r e e  

q u a r te r s  o f  a w a v e le n g th ,  p u t s  th e  d i r e c t  and d i f f r a c t e d  waves 

out o f  p h ase  by h a l f  a w a v e le n g th .  This  a g a in  g i v e s  r i s e  to  

d e s t r u c t i v e  i n t e r f e r e n c e ,  known as  p o s i t i v e  phase c o n t r a s t . 

P o r t i o n s  o f  th e  o b je c t  g i v i n g  g r e a t e s t  r e t a r d a t i o n  are  now 

re n d er ed  dark a g a i n s t  a l i g h t e r  background.

A d iagram .pf th e  l i g h t  path  through a phase -  

c o n t r a s t  m icroscope  i s  shown i n  f i g u r e  ( 9 )*

The apparatus  u sed  in  th e  p re s en t  work was th e  Cooke, 

Trought on and Simms phase  c o n t r a s t  equipment f o r  in c id e n t  

i l l u m i n a t i o n  which can be f i t t e d  on th e  V ick er* s  p r o j e c t i o n  

m ic r o s c o p e .  In  t h i s  d e v ic e  an annular d i s c  i s  p la c e d  in  the  

p o s i t i o n  o f  th e  normal i r i s ,  and an image o f  i t  i s  t h e r e f o r e  

formed i n  th e  back f o c a l  p la n e  o f  th e  o b j e c t i v e  and through  

t h i s  image p a s s e s  a l l  th e  d i r e c t  l i g h t  from the o b j e c t .  In
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t h i s  p la n e  i s  i n s e r t e d  a p h a s e - p l a t e  (h a v in g  an a b s o r p t io n  o f  

8 c ^ ) .  I t  t a k e s  a form o f  a d i s c  o f  g l a s s  in  which an annulas  

i s  c u t ,  c o r r e s p o n d in g  in  s i z e  to  th e  image o f  th e  condenser  

an n u la s  and o f  such  a cxepth as  t o  advance the  d i r e c t  waves by 

one q u a r te r  o f  a w ave length  in  r e l a t i o n  to  th e  d i f f r a c t e d  l i g h t  

p a s s i n g  through t h e  remainder o f  th e  p l a t e .  We t h e r e f o r e  a ch ie v e  

a p o s i t i v e  p h a s e - c o n t r a s t  image.

A d ia g ra m a t ic  scheme o f  th e  instrument i s  shown in  

f i g u r e  ( l O ) .

D i s  an annular diaphre^which s e r v e s  as th e  en trance  

p u p i l  o f  t h e  o p t i c a l  system  c o n s i s t i n g  o f  a f i e l d  l e n s ,  th e  

m icr o sco p e  o b j e c t i v e ,  and th e  r e f l e c t i n g  s u r f a c e  o f  th e  specimen.

0 i s  a condenser  l e n s  which f o c u s e s  th e  l i g h t  source

on D.

The f i e l d  l e n s  and th e  o b j e c t i v e  form an image D, o f  

th e  f i e l d  s to p  on th e  s p e c u l a r l y  r e f l e c t i n g  s u r f a c e  o f  th e  

o b j e c t  spec im en.  The l i g h t  i s  r e f l e c t e d  from th e  s u r f a c e  of  

th e  spec imen and i s  th e n  p a s s e d  through th e  o b j e c t i v e  aga in  to  

form a r e a l  image Dg o f  th e  diaphragm D.

The o p t i c a l  assem bly  c o n s i s t i n g  o f  th e  m icroscope  

o b j e c t i v e  l e n s e s ,  t h e  beam s p l i t t e r ,  and th e  phase p l a t e  are

mounted on t h e  o b j e c t i v e .

The s u r f a c e  t o  be observed  must be a d ju s ted  

p e r p e n d ic u la r  t o  t h e  o p t i c a l  a x i s  o f  th e  microscope so that  the  

image o f  t h e  diaphragm i s  c e n t r e d  upon th e  o p t i c a l  a x i s  when
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the  co n d en ser  diaphragm has been centred* For t h i s  purpose  

an a u x i l i a r y  m icro sco p e  i s  p r o v id e d ,  which can be i n s e r t e d  in  

p l a c e  o f  th e  normal e y e p i e c e .  "This e n a b le s  the  back f o c a l  p la n e  

o f  t h e  o b j e c t i v e  t o  be examined so th a t  th e  image o f  th e  diaphragm 

can be made t o  c o i n c i d e  e x a c t l y  w ith  the  phase  p l a t e .  However, 

o b j e c t s  mounted on th e  s t a g e  o f  th e  m icroscope may produce changes  

in  a m p li tu d e  or changes  in  th e  phase o f  th e  t r a n s m i t t e d  l i g h t .

In  t h e  former c a s e  t h e  d i r e c t  and s c a t t e r e d  rays  a r r i v i n g  in  the  

back f o c a l  p la n e  o f  th e  o b j e c t i v e  are  i n  phase and a w e l l  con

t r a s t e d  image i s  produced i n  th e  f i e l d  o f  v iew  o f  th e  microscope  

by i n t e r f e r e n c e .  In t h e  l a t t e r  ca s e  th e  d i r e c t  and s c a t t e r e d  

rays  a r r i v e  in  th e  back f o c a l  p la n e  o f  t h e  o b j e c t i v e  out o f  phase  

by \  and a w e l l  c o n t r a s t e d  image can be produced. I d e a l l y ,
4

c o n t r a s t  i s  at i t s  b e s t  when both  d i f f r a c t e d  and d i r e c t  beams 

have t h e  same i n t e n s i t y .  In  phase  c o n t r a s t  microscopy t h e r e  i s  

p r a c t i c a l l y  no d e c r e a s e  i n  r e s o l u t i o n .

For f i n a l l y  im proving t h e  c o n tr a s t  very  c o n t r a s t y  s low  

p h o to g r a p h ic  p l a t e s  (Kodak BgQ or B^) can be used  and then  

d e v e lo p e d  i n  a c o n t r a s t y  d e v e lo p e r  such as Dg c a u s t i c  deve loper;  

s t i l l  f u r t h e r  c o n t r a s t  i s  a c h ie v e d  i n  p r i n t i n g  by u s in g  e x tr a  

hard p h o to g r a p h ic  p a p e r .
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CHAPTER VI

THE LIGHT-PRQFILE MICROSCOPE.

This t e c h n iq u e  which has been deve loped  by Tolansky  

(1 9 5 2 )  i s  a m o d i f ie d  form o f  Schmaltz l i g h t - c u t  method ( 1 9 3 6 ) .  

Within r e c e n t  years  i t  has  assumed v a lu e  i n  many f i e l d s ,  in  

p a r t i c u l a r  i n  t h e  e v a l u a t i o n  o f  metal f i n i s h ,  f i n i s h  produced  

by machine t o o l s ,  and by la p p in g  and a l s o  fo r  th e  s t u d i e s  o f  

s u r f a c e  c h a r a c t e r i s t i c s  o f  c r y s t a l s .  Diamond i s  one o f  th o s e  

c r y s t a l s  whose s u r f a c e  f e a t u r e s  are b e in g  s t u d ie d  by t h i s  t e c h 

n i q u e .  The method d e s c r ib e d  i s  s im p le ,  in e x p e n s i v e ,  and non

d e s t r u c t i v e  and i t  has t h e  advantage o f  g i v i n g  m a g n i f i c a t io n s  o f  

up t o  2000  w ith  co rresp o n d in g  r e s o l u t i o n s  o f  th e  order o f  0 . 2 5 / ^  

both  i n  e x t e n s i o n  and i n  d ep th .  The Schmaltz l i g h t - c u t  has been 

a d e q u a t e ly  d i s c u s s e d  by Rantsch  ( 1945) -  I t  i s  a m icroscope  

t e c h n iq u e  which r e v e a l s  a l i n e  p r o f i l e  o f  a m eta l  s u r f a c e  w ith  

m a g n i f i c a t i o n s  up t o  about 4OO i n  e x t e n s io n  and 65O i n  depth but 

i t  s u f f e r s  from v a r i o u s  d e f e c t s .  In  the  o r i g i n a l  method, an 

image o f  a s l i t  i s  p r o j e c t e d  w ith  a m icroscope  on the  s u r fa c e  

under s tu d y  at an a n g le  o f  in c i d e n c e  o f  45°* The s p e c u l a r l y  

r e f l e c t e d  beam i s  th en  v iew ed  w i th  a s e p a r a te  m icroscop e .  I t  

thu s  r e q u i r e s  a s p e c i a l  double  m ic r o s c o p e . The e f f e c t  o f  th e  

arrangement i s  t o  co n v er t  a p r o f i l e  i n  depth  in t o  a l i n e  p a t ter n  

i n  e x t e n s i o n .  Working d i s t a n c e s  prevent  th e  u se  o f  h igh  powers.

Methods have been proposed  by Brsoh ( 194? ) »

Frischffluth ( 1945) and Menzel ( 1951) t o  permit th e  u se  o f  a s i n g l e
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high  power l e n s  t o  i n c r e a s e  t h e  m a g n i f i c a t io n  but r e s o l v i n g  

power and d e f i n i t i o n  s u f f e r  c o n s i d e r a b l y . The four d i s t i n c t  

d e f e c t s  i n  t h e s e  methods a r e : -

1 . A s e r i o u s  d i f f i c u l t y  i s  th a t  th e  p r o f i l e  i s  a b r igh t  

l i n e  on a dark background which makes i d e n t i f i c a t i o n  o f  

t h e  a re a  under study d i f f i c u l t .

2 . Absence o f  s p e c u la r  r e f l e c t i o n  at rough r e g io n s  g i v e s  

a f a l s e  r e p r e s e n t a t i o n  and may w e l l  g i v e  q u i t e  wrong 

e s t i m a t e s  o f  ro u g h n ess ,  e s p e c i a l l y  i f  n o n -sp ecu la r  

p a r t s  l i e  deep or p r o j e c t  h ig h .

3 .  D i f f u s e  r e g io n s  produce s c a t t e r  and l o c a l  image 

b road en in g .

4 .  Apart from M e n z e l ' s  method on ly  a s i n g l e - l i n e  p r o f i l e  

a p p e a r s ,  and thu s  many se p a r a te  photographs may be 

r e q u ir e d  t o  survey  an a r e a .

To overcome a l l  t h e s e  d e f e c t s  and to  a ch ie v e  h igh  

r e s o l u t i o n  and m a g n i f i c a t i o n  Tolansky (1952)  has adapted the  

V ic k e r s  P r o j e c t i o n  M icroscop e ,  by s im ply  r e v e r s in g  th e  c o n d i t io n  

o f  i l l u m i n a t i o n  by u s i n g  an opaque l i n e  on a b r ig h t  field be fore  

th e  f i e l d  i r i s  i n s t e a d  o f  a s l i t . In  f a c t  t h i s  s im ple  p r i n c i p l e  

can be a p p l i e d  t o  any s tand ard  m e t a l l u r g i c a l  m icroscop e ,  by 

p l a c i n g  a p i e c e  o f  g l a s s  w i t h  a s c r a t c h  on i t  i n  the  f o c a l  p lane  

o f  t h e  f i e l d  i r i s  u s in g  an o f f - p e n c i l  beam o f  i l l u m i n a t i o n .  This  

a c t s  a s  a shadow and a l i n e  i s  th en  thrown on to  th e  o b j e c t .

The sch em a t ic  arrangement o f  th e  l i g h t - p r o f i l e



-  53 -

m icroscop e  i s  shown i n  f i g u r e  ( l ^ .

A i s  a monochromatic l i g h t  sou rce  w ith  w ratten  77A 

f i feer  t o  g i v e  t h e  g r e e n  546lA° l i n e .

Sq_ i s  a diaghragm

Sg i s  th e  f i e l d  i r i s  in  th e  u n i v e r s a l  i l l u m in a t o r  - 

near t o  which t h e  p r o f i l e  i s  kept so  th a t  th e  image o f  the  Ï  

p r o f i l e  can be p r o j e c t e d  on t h e  s u r fa c e  X under s tu d y .

M i s  a m eta l  tongue s e c t o r  r e f l e c t o r  which g i v e s  the  

o f f - c e n t r e  i l l u m i n a t i o n  and p r a c t i c a l l y  the  f u l l  aperature  of,-  

th e  o b j e c t i v e  0 i s  made use  o f .  .

E i s  an e y e p i e c e  where th e  image can be s e e n .

In p r a c t i c a l  work th e  specimen i s  fo c u s s e d  f i r s t  w ith  

a s m a l l  diaphragm and th e n  t h e  p r o f i l e  i s  a d ju s te d  so as to  

g i v e  i t s  image on th e  s u r f a c e  o f  th e  spec im en.

I t  i s  e s s e n t i a l  t o  c a l i b r a t e  t h e  system to  convert  

o b se r v e d  d i s p la c e m e n t s  i n t o  r e a l  h e ig h t s  and depths and t h i s  

can e a s i l y  be a c h ie v e d  e i t h e r  by a supplementary o b se r v a t io n  

u s in g  i n t e r f e r o m e t r y  or w i th  a standard  d e p t h - g r a t i c u l e . A 

s t e p  or trou gh  i s  cut  i n t o  g l a s s  and t h e  depth measured by 

i n t e r f e r o m e t r y .  The p r o f i l e  p i c t u r e  i s  taken  and c a l i b r a t i o n  

i s  a f f e c t e d .

The p r o f i l e  m a g n i f i c a t i o n  w ith  a s i n g l e  l e n s  system  

i s  r e a d i l y  shown t o  be «  M t a n i / n  where M i s  th e  l i n e a r

m a g n i f i c a t i o n  i n  e x t e n s i o n  o f  th e  m icroscop e ,  i  i s  th e  e f f e c t i v e  

a n g le  o f  i n c i d e n c e  o f  t h e  o f f - c e n t r e  p e n c i l  and n i s  th e  

r e f r a c t i v e  in dex  o f  th e  medium between th e  specimen and the

M
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o b j e c t i v e .

The above e q u a t io n  i s  u s u a l ly  w r i t t e n  in  the  form ,

K jT g t a n i
M n

where K i s  c a l l e d  th e  " l i g h t - p r o f i l e  c o n s ta n t" .  This has been  

e v a l u a t e d  by Tolansky ( u s i n g  i n t e r f e r o m e t r i c  means) f o r  the  

2 mm. ( o i l  im m ers io n ) ,  3 .4^8 mm. o b j e c t i v e s  used  i n  t h i s  

l a b o r a t o r y .  I f  th e  o i l - im m e r s io n  o b j e c t i v e  i s  to  be used  and 

i f  t h e  spec im en i s  not a metal  i t  i s  a d v i s a b le  t o  s i l v e r  th e  

s u r f a c e  s t u d i e d ,  f o r  t h i s  l e a d s  to  maximum c o n t r a s t .  As a r u le  

ad equate  power can be o b ta in e d  w ith  a 1th  in ch  dry o b j e c t i v e  and
S’

i f  su ch  i s  employed s i l v e r i n g  i s  not e s s e n t i a l .  I t  i s  however 

n e c e s s a r y  t o  u se  low er  powers on c o a r s e r  s t r u c t u r e s  because o f  

th e  d ep th  o f  f o c u s .

The l i g h t - p r o f i l e  m icroscope f i n d s  ready u se  fo r  

measuring depths or h e i g h t s  which are c o a r s e  f o r  in te r f e r o m e tr y .  

I t  a l s o  d e c i d e s  th e  d i r e c t i o n  o f  th e  s t e p .  F urther ,  i t  g i v e s  

th e  d i r e c t i o n  o f  th e  wedge, for  i f  th e  s t e p  d i r e c t i o n  i s  known 

and th e  a r e a  i n c l u d i n g  t h i s  s t e p  i s  a f terw ard s  s t u d ie d  by i n t e r 

ferom etry  th e  wedge d i r e c t i o n  can be found.

The m u l t i p l e - l i g h t  p r o f i l e .

By r e p l a c i n g  th e  s i n g l e  opaque l i n e  by a s e r i e s  of  

near p a r a l l e l  l i n e s  one o b ta in s  a m u l t ip l e —p r o f i l e  p i c t u r e  which

g i v e s  p r o f i l e  c o n to u r s  over a whole a rea .

Both t h e  s i n g l e  and m u l t i p l e - p r o f i l e  t e ch n iq u es  are 

now r e g u l a r l y  u sed  fo r  measurements o f  depths o f  e tched  f e a t u r e s .
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h e i g h t s  o f  tw in n in g  bands, c l e a v a g e  s t e p s  on metal c r y s t a l s  

f i n e  machined f i n i s h e s ,  s t u d i e s  on hardness  t e s t s , g r o w t h  

f e a t u r e s  on diamond s u r fa c e d  e t c .  i n  t h i s  la b o r a t o r y .  Frequent  

a p p l i c a t i o n s  o f  t h e  l i g h t - p r o f i l e  w i l l  be met l a t e r

a   _u
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CHAPTER VII 

MULTIPLE-BEAM INTERFEROMETRY WITH 

HIGH LATERAL MICROSCOPIC RESOLUTION.
%

The u se  o f  o p t i c a l  i n t e r f e r e n c e  methods fo r  ob serv ing  ' 

m acroscop ic  s u r f a c e  topography i s  q u i t e  o ld ,  but i t s  use  in  

c o n j u n c t i o n  w i th  a m icroscope  fo r  s tudy ing  d e t a i l  o f  sm a l ler  

s i z e  i s  o f  more r e c e n t  o r i g i n -

L in n ik  ( 1933) was the  f i r s t  to  d e s c r ib e  an i n t e r f e r e n c e  

m icro sco p e  f o r  i n t e r f e r o m e t r i c  i n v e s t i g a t i o n s  o f  sm all  r e f l e c t i n g  

o b j e c t s .

Ruble (1943)  and Timms ( 1945) have a l s o  d e s c r ib e d
«

s im p le  arrangements  f o r  m i c r o - in t e r f e r o m e t r i c  s t u d i e s  o f  s u r f a c e s  

u s in g  o rd in a ry  m ic r o sc o p ic  equipment w ith  a v e r t i c a l  i l l u m in a t i o n  

The i n t e r f e r e n c e  p a t t e r n s  in a l l  t h e s e  in stru m ents  were formed 

between  t h e  l i g h t  r e f l e c t e d  from th e  s u r f a c e  of  the  specimen and 

th a t  r e f l e c t e d  from a p a r t i a l l y  r e f l e c t i v e  c o a t in g  evaporated  

upon th e  f ro n t  s u r f a c e  o f  th e  o b j e c t i v e  l e n s .

Kayser (1944)  has a l s o  g iv e n  a s i m i l a r  method which  

u ses  i n s t e a d  o f  th e  l e n s  s u r f a c e ,  a t h i n  microscope c o v e r - s l i p  

semi—alum i n i  zed  on one s i d e  as  th e  r e f e r e n c e  s u r f a c e .

Tolansky (1948)  d i s c u s s e d  in  d e t a i l  th e  main o p t i c a l  

d i f f i c u l t i e s  which may a r i s e  in  a t te m p tin g  t o  combine high  

r e s o l u t i o n  m icroscopy  w ith  m u l t i p l e  beam in te r f e r o m e tr y .  On 

account o f  t h e s e  d i f f i c u l t i e s  most o f  the  multip le-beam  

t o p o g r a p h ic a l  i n t e r f e r o m e t r i c  s t u d i e s  p u b l i sh ed  by v a r io u s
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workers have g e n e r a l l y  been r e s t r i c t e d  to  th e  use  o f

m icro sco p e  o b j e c t i v e s  o f  lo w er  power than th a t  o f  a 16 mm.

o b j e c t i v e .

More r e c e n t l y  Grube and Rouze ( 1954) have a p p l i e d  a 

m o d i f i e d  form o f  t h e  two—beam i n t e r f e r e n c e  microscope o f  th e  

ty p e  d e s c r i b e d  by L in n ik  f o r  th e  study o f  m ic r o s tr u c tu r a l  

d e t a i l s  on t h e  s u r f a c e s  o f  m e t a l s .  Their  instrument i s  e s se n 

t i a l l y  a M ich e lson  i n t e r f e r o m e t e r ,  o p e r a t in g  at zero order ,  

and i n c o r p o r a t e d  i n t o  a m icr o sco p e .  Th is  method s u f f e r s  from 

some d e f e c t s ,  mainly  th a t  th e  f r i n g e s  have a cos^ i n t e n s i t y  

d i s t r i b u t i o n ,  i . e .  th e  i n t e n s i t y  maxima are  as broad as th e  

minima and t h i s  r e s t r i c t s  a c c u r a cy .

Tolansky and Emara ( 1955) have succeeded  i n  develop

in g  an i n t e r f e r e n c e  t e c h n iq u e  which overcomes th o s e  d e f e c t s  

from w hich  th e  two-beam i n t e r f e r e n c e  m icroscopes  s u f f e r .  The 

t e c h n iq u e  t o  be d e s c r ib e d  g i v e s  m u lt ip le -b eam  F izeau  f r i n g e s  

o f  h ig h  i n t e r f e r o m e t r i c  p r e c i s i o n  yet a s s o c i a t e d  s im u lta n eo u s ly  

w ith  t h e  h igh  l a t e r a l  m ic r o s c o p ic  r e s o l u t i o n  and m a g n i f ic a t io n  

of  a good q u a l i t y  3 mm. dry o b j e c t i v e  o f  N.A. 0 . 95* With t h i s  

l e n s  and a s u i t a b l e  e y e p i e c e  a l a t e r a l  m a g n i f i c a t io n  X 15OO 

can be produced  on t h e  p hotograp h ic  p l a t e .  Such an o b j e c t i v e  

when c o r r e c t l y  i l l u m i n a t e d  w ith  con verg in g  l i g h t  ( A= 546OA ) 

sh ou ld  r e s o l v e  some 0.35  • S in c e  th e  i l l u m i n a t i o n  i s  with

p a r a l l e l  monochromatic l i g h t  a l a t e r a l  r e s o l u t i o n  o f  th e  order  

of  0 . 7  may at  l e a s t  be re a ch e d .  I t  w i l l  be shown by a simple



-  58 -

i l l u s t r a t i o n  t h a t  t h i s  m ic r o s c o p ic  r e s o l u t i o n  o f  t h e  o b j e c t i v e  

has been o b t a i n e d .

Apart from c o n s i d e r a t i o n s  i n v o l v i n g  small  working  

d i s t a n c e  and depth  o f  f o c u s  r e s t r i c t i o n s ,  th e  two primary  

d i f f i c u l t i e s  i n  s e c u r i n g  h ig h  i n t e r f e r o m e t r i c  f r i n g e  d e f i n i t i o n  

w ith  such  an o b j e c t i v e  a r e : -

(a )  The s t r i c t  n e c e s s i t y  fo r  a sm all  gap between  

t h e  two s u r f a c e s  in v o l v e d .

(b )  The d e s i r a b i l i t y  o f  having as  low a wedge angle  

a s  i s  p o s s i b l e .

These are  a p p a r e n t ly  r e l a t e d  c o n d i t i o n s .

As to  (a )  i t  i s  s e l f  ev id en t  th a t  the  sp ac in g  betw^een 

th e  s u r f a c e s  i n c r e a s e s  w ith  th e  f r i n g e  o rd er .  So s e v e r e l y  does  

t h i s  a f f e c t  th e  phase c o n d i t i o n  th a t  o b s e r v a t io n  must l a r g e l y  be 

r e s t r i c t e d  t o  t h e  f i r s t  or second  o r d e r s .  Thus th e  exper im enta l  

C o n d i t io n s  must be arranged  such th a t  v ie w in g  t a k e s  p l a c e  near  

an e f f e c t i v e  r e g io n  o f  c o n t a c t  between th e  two s u r f a c e s .  Such a 

r e g io n  w i l l  be d e s c r i p t i v e l y  c a l l e d  th e  "zero" order r e g io n .  I t  

may, a c c o r d in g  t o  c i r c u m s ta n c e s ,  cover  a l a r g e  or sm al l  p o r t io n

o f  t h e  f i e l d  o f  v ie w .

As t o  (b) i t  has been e s t a b l i s h e d  by Tolansky ( 1948) 

th a t  t h e  phase  r e t a r d a t i o n  which ten ds  t o  reduce good d e f i n i t i o n  

i s  p r o p o r t i o n a l  t o  th e  square o f  the  wedge a n g le  between the  two 

s u r f a c e s .  Now t h e  u se  o f  a h ig h  power o b j e c t i v e  n e c e s s a r i l y  

im poses  a l a r g e  wedge a n g l e ,  s i n c e  f r i n g e s  must be very  c l o s e
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t o g e t h e r  on t h e  s u r f a c e  i f  even only one f r i n g e  p a ir  i s  t o  f i l l

the  f i e l d  o f  v i e w .  In th e  example g iv e n  h ere ,  f r i n g e s  used  fo r

measurement are  some 15 mm. apart on th e  photographic  p l a t e  at

X 1 5 0 0 ,  i . e .  some 1 mm. apart at th e  s u r f a c e .  This  r e q u ir e s
100

a wedge a n g le  t a n  Q.0273» i . e .  almost 1 1_̂ , which from th e  view
2

p o in t  o f  p r e c i s e  m u l t i p l e  beam f r i n g e s ,  i s  q u i t e  a l a r g e  a n g le .  

Indeed  w ith  such  a wedge a n g le  a high num erica l  a p era tu re  

c o l l e c t i n g  l e n s  i s  e s s e n t i a l  fo r  good f r i n g e  d e f i n i t i o n  merely  

from t h e  v ie w p o in t  o f  adequate  c o l l e c t i o n  o f  a s u f f i c i e n t  number 

o f  e f f e c t i v e  beams. Thus a h ig h  ap era tu re  l e n s  i s  needed both for  

l a t e r a l  s u r f a c e  m icr o sc o p ic  r e s o l u t i o n  and a l s o  for  good i n t e r 

f e r o m e t r i c  f r i n g e  d e f i n i t i o n .  Furthermore i t  seems p o s s i b l e  that  

l a t e r a l  m ic r o s c o p ic  r e s o l u t i o n  might w e l l  be improved by the  

e x i s t e n c e  o f  t h e  wedge a n g le  and i t  may be somewhere in te r m e d ia te  

between th a t  o f  p a r a l l e l  i l l u m i n a t i o n  and th a t  o f  c o r r e c t  

con vergen t  i l l u m i n a t i o n .  For each su c c e e d in g  i l l u m i n a t i n g  beam 

approaches  th e  o b je c t  at t h e  h ig h e r  and h igher  a n g le  o f  i n c i d e n c e .

As an i l l u s t r a t i o n  o f  th e  procedure an example from some 

s t u d i e s  on t h e  topography o f  a n a tu r a l  dodecahedral f a c e  o f  a 

diamond w i l l  be g i v e n .  (Many examples o f  th e  a p p l i c a t i o n  o f  t h i s  

t e c h n iq u e  w i l l  be met l a t e r  in  Part IV o f  t h i s  t h e s i s ) .  This  

fa c e  was s l i g h t l y  c y l i n d r i c a l l y  curved ,  a p o in t  o f  much v a lu e  in  

th a t  i t  was p o s s i b l e  t o  r e s t  th e  diamond on th e  matching f l a t  so 

as to  be e f f e c t i v e l y  in  c o n ta c t  and thus to  secu re  th e  important  

c o n d i t i o n  o f  a r e g io n  o f  "zero" order .
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The o b s e r v a t io n s  were made on th e  V ickers  P r o j e c t 

io n  Microscope^ t h e  o b j e c t i v e  i t s e l f  a c t i n g  as a condenser o f  

s u f f i c i e n t  n um er ica l  a p e r a t u r e .

The key t o  th e  s u c c e s s  o f  th e  o b s e r v a t io n s  l i e s  in  th e  

use o f  an o b j e c t i v e  c o r r e c t e d  f o r  c o v e r - g l a s s  t h i c k n e s s .  I t  i s  

to  be em phasised  th a t  one would f a i l  t o  s e cu r e  anyth ing  l i k e  

comparable d e f i n i t i o n  from th e  normal m e t a l l u r g i c a l  type  o f  

o b j e c t i v e  d e s ig n e d  f o r  uncovered  w o r k -p ie c e s .  In t h i s  c a s e  a 

3 mm. o b j e c t i v e ,  N.A. 0 . 95» w ith  c o r r e c t i n g  c o l l a r  was employed.

The diamond s u r f a c e  was c o r r e c t l y  co a ted  w ith  m u lt i 

l a y e r  r e f l e c t i n g  f i l m s ,  and a l l  o b s e r v a t io n s  were made in  

r e f l e c t i o n .

T h is  c o n d i t i o n  i s  n ecessary»  f o r  th e  diamond bulk and 

shape a f f e c t s  i l l u m i n a t i o n  and thus e f f e c t i v e l y  d e s tr o y e d  

d e f i n i t i o n  when a t te m p ts  were made t o  use  t r a n s m is s io n  f r i n g e s .  

F ig u re  ( 12» ) X 150O shows a p o r t i o n  o f  the  s u r fa c e  under s tu d y .  

I t  c o n s i s t s  o f  a c u r io u s  p a t t e r n  o f  p a r a l l e lo g r a m s .  I t  w i l l  be 

seen  th a t  by examining t h i s  s u r f a c e  w ith  t h i s  tech n iq u e  h igh  

d e f i n i t i o n  f r i n g e s  are o b ta in e d ,  such th a t  s u r fa c e  l a t e r a l

r e s o l u t i o n  p e r s i s t s .

The f r i n g e s  are produced by u s in g  as a matching f l a t

a s ta n d a rd  m icroscop e  c o v e r - g l a s s ,  c o r r e c t l y  co a ted  w ith  m ult i 

l a y e r  f i l m s .  The o b j e c t i v e  c o r r e c t i n g  c o l l a r  i s  s e t  fo r  the  

s p e c i f i c  t h i c k n e s s  o f  t h e  co v e r—g l a s s .  The o b j e c t i v e  i s  

f u n c t i o n i n g  t o  g i v e  good r e s o l u t i o n  under t h i s  arrangement.
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There i s  no d i f f i c u l t y  in  s e l e c t i n g  a s u i t a b l e  c o v e r - g l a s s .

The sm a l l  f i e l d  o f  v iew  (perhaps 3 or 4 hundredths  

o f  a m i l l i m e t e r )  make i t  easy  t o  f i n d  r e g io n s  e f f e c t i v e l y  f l a t  

over t h e  f i e l d  t o  w i t h in  an ex trem ely  sm a l l  f r a c t i o n  o f  a 

l i g h t  wave.

I t  i s  e s s e n t i a l  to  m anipulate  th e  c o n ta c t  between  

diamond and " f l a t " to  b r in g  a zero  order r e g io n  e i t h e r  i n  

or v e r y  c l o s e  t o  th e  f i e l d  o f  v ie w .  The in te r fer o g r a m  secured  

i s  shown i n  f i g u r e  (13)  X 1500* The i n t e r p r e t a t i o n  i s  as  

f o l l o w s :

One s e e s  a l a r g e  "zero" order r e g io n ,  over which the

p a th  d i f f e r e n c e  at every  p o in t  i s  below X. The i n t e r f e r e n c e
2

p a t t e r n  i n  t h i s  "zero" r e g io n  i s  ana logous  to  th e  h igh  d i s 

p e r s i o n  sy s tem .  Here t h e r e  i s  a c o n d i t i o n  o f  i n t e r f e r o m e t r i c  

h ig h l y  enhanced c o n t r a s t .  The p a r a l l e lo g r a m s  can be i d e n t i f i e d  

and from th e  i n t e n s i t y  p a t t e r n  w i t h in  each i t  i s  ev ident  that  

each shows an independent  cu rv a tu re  from th e  b o u n d a r ies ,  tut  

whether concave or convex cannot be d ec id ed  from t h i s  a lo n e .

At A, we have th e  f i r s t  order f r i n g e ,  next to  i t  at 

B, th e  second  o r d e r .  Th'e d e f i n i t i o n  at  A i s  remarkably good. ^  

I t  i s  r e c o g n i s a b l e  th a t  B has broadened s l i g h t l y ,  but j u s t  

p e r c e p t i b l y ,  r e l a t i v e  to  A* (Normally w ith  lower power 

c y l i n d r i c a l  f r i n g e s  one would expect  B to  be s l i g h t l y  sharper  

than A).  This  d i f f e r e n c e  i s  due to  th e  f a c t  that  th e  gap o f  

v a lu e  f o r  B i s  making i t s  i n f l u e n c e  f e l t  compared to  the
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gap v a lu e  o f  2i  f o r  A.
2

I t  i s  in  t h e s e  h i g h l y  sharpened f r in g e s  that  the  

combined h igh  r e s o l u t i o n  i n  microscopy and in te r fero m etr y  i s  • 

obta ined*  F r in g e  d e f i n i t i o n  i s  adequate even fo r  exact  measure

ment *

At X 1500 t h e  s u g g e s t e d  m icroscope r e s o l u t i o n  o f  0 *7/v

co r re sp o n d s  to  about 1 mm* on t h e  p la t e *  Comparison between
2

micrograph and in te r fe r o g r a m  .shows that  indeed  the  f r in g e  p a ttern

i s  c e r t a i n l y  r e v e a l i n g  th e  topography o f  s u r fa c e  d e t a i l  extending

over no more than a 1 mm, p o s s i b l y  l e s s .
2

The p a r a l le lo g r a m s  are shown thus to  have convex  

f a c e s  a sm a l l  f r a c t i o n  o f  a l i g h t  wave h igh  and a l l  th e  dimen

s io n s  can be e v a l u a t e d .  Where th ey  meet t h e s e  are sharp ly  d e f in e d  

d e p r e s s i o n s .  (A d e t a i l e d  d i s c u s s i o n  w i l l  be g iv en  l a t e r  in  

Part IV o f  t h i s  t h e s i s ) .  There i s  very l i t t l e  ev idence  fo r  

f a l s e  d i f f r a c t i o n  images even  in  t h e s e  sh a l lo w  r e g i o n s .

There i s  not th e  s l i g h t e s t  doubt about th e  c o n s id e r a b le  

s u p e r i o r i t y  of  th e  f r i n g e  p a t t e r n  i l l u s t r a t e d  here  over th o se  

seen  w ith  th e  two-beam instrument (even  w ith  a good L in n ik - ty p e )  

which h a v e ,  o f  c o u r s e ,  only  t h e  f a m i l i a r  cos^ i n t e n s i t y

d i s t r i b u t i o n .

I t  i s  t o  be emphasised tha t  th e  unique ch a r a c te r  o f

the  in te r f e r o g r a m s  in  f i g u r e  (1 3 )  f 8 not th e  f a c t  that  th e r e

i s  good m icroscope  l a t e r a l  r e s o l u t i o n ,  but the  fa c t  tha t  the

f r i n g e s  are so sharp and contour  th e  s u r fa c e  p a t t e r n  so
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f a i t h f u l l y .  This  has always been a d i f f i c u l t y  in  the  p as t  

with such h ig h  powers.

I t  i s  o f  i n t e r e s t  to  compute roughly the  kind of  

volume element r e s o l v a b l e  w i th  th e  presen t  system . Taking  

generous  l i m i t s  i t  i s  c l e a r  th a t  one can c e r t a i n l y  r e s o l v e  an 

area  e lement o f  say I r ^  ly'  ̂and in  t h i s ,  d e t e c t i o n  o f  a f r in g e  

d isp la cem en t  o f  l ^ t h  order i s  u n q u e s t io n a b le .  (On a c o r r e c t l y
50

exposed  n e g a t i v e  t h i s  would correspond to  a f r in g e  displacement  

by th e  whole o f  a f r i n g e  w id th .  We c o n s id e r  that  w ith  s t r a ig h t  

f r i n g e s  we can d e t e c t  even 1th  o f  t h i s ) .  Such a volume element
- 1 5  5

i s  some 3 X 10 c . c .  and t h i s  may w e l l  be c o v e r - e s t im a te d  by a 

f a c t o r  o f  as  l a r g e  as 5 ,  because  of  the  generous t o l e r a n c e s  

c o n s i d e r e d .  With such a volume r e s o l u t i o n  many important f i e l d s  

such as  t h o s e  o f  c o r r o s i o n ,  e t c h i n g ,  p o l i s h i n g ,  c r y s t a l  

b ou n d ar ies  e t c .  are  amenable t o  e x p l o r a t i o n .

High Power F izeau  F r in ges  U sing  O il  immersion o b j e c t i v e .

An e x t e n s i o n  of  t h e  above tech n iq u e  i s  th e  use o f  the  

o i l —immersion o b j e c t i v e  (2 mm.) and N . A . I . 30 . I t  has been  

a lr e a d y  e s t a b l i s h e d  by Tolansky ( 194^) th a t  where p o s s i b l e ,  

th e  h ig h e s t -p o w e r e d  o b j e c t i v e s  th a t  can be t o l e r a t e d  should  

be u s e d .  On th e  o th e r  hand, he p o in te d  out th a t  very h igh  

powers cannot be employed w ith  F izeau  f r i n g e s  e s p e c i a l l y  when 

o i l —immersion i s  to  be used  owing to  some d i f f i c u l t i e s  which 

may a r i s e  mainly due to  r e s t r i c t i o n s  o f  depth o f  focu s  and small  

working d i s t a n c e .
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The depth  o f  focus  f o r  a t y p i c a l  o i l  immersion 2 mm.

le n s  ap prox im ates  to  _1__  ram., and the  working d is ta n c e  of  such
2500

l e n s  i s  1 mm.
4

I t  i s  o f  c o n s id e r a b l e  i n t e r e s t  t o  note that th e s e  

d i f f i c u l t i e s  were f i n a l l y  s o lv e d  in  a s im ple  manner by s e l e c t i n g  

a s u i t a b l e  c o v e r - g l a s s  as  a matching f l a t .  The f r in g e s  were 

produced i n  t h e  same way as  mentioned i n  the  above procedure.

As an i l l u s t r a t i o n  o f  t h e  s u c c e s s  of  th e  techn ique  two examples 

are g i v e n  from t h e  s t u d i e s  made on some n a tu ra l  dodecâiedral fa c e s  

o f  diamond (P a r t  IV i n  t h i s  t h e s i s ) .  The f i r s t  example i s  an 

i n t e r f  erogram o f  th e  same s u r fa c e  f i g u r e  ( 12) and i s  shown in  

f i g u r e  ( 14) X I5OO. The second example f i g u r e  (15) X 15OO i s  

an i n t  e r f  erogram o f  a s t r i a t e d  f a c e  o f  another c r y s t a l .  It  i s  

c l e a r l y  s e e n  t h a t  th e  f r i n g e  p a t t e r n  i s  c e r t a i n l y  r e v e a l in g  

v a r i a t i o n s  o f  r u t s  on th e  s u r f a c e  t o  w i th in  lOOA*

There i s  no doubt th a t  t h e s e  h igh power f r i n g e s  are  

s t r i k i n g l y  good even though they a rs  o f  h igher  power than any

p r e v i o u s l y  o b t a in e d .

A lthough  i t  i s  a lways p r e f e r a b l e  to  use the  high power 

dry o b j e c t i v e  3 mm. f o r  c l e a n l i n e s s  of  th e  specimen under study,  

yet i t  appears  t h a t  th e r e  i s  no o b j e c t io n  whatsoever in  u s ing  

o i l - im m e r s i o n  when fu r th e r  high r e s o l u t i o n  i s  t o  be re q u ir ed .
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CHAPTER V III  

MICROSCOPE TECHNIQUES.

The in stru m ent  u sed  f o r  a l l  th e  o b s e r v a t io n s  c a r r i e d  out 

in  t h i s  t h e s i s  i s  th e  V ic k e r s  P r o j e c t i o n  Microscope o f  th e  

i n v e r t e d  m e t a l l u r g i c a l  t y p e ,  which can be equipped f o r  any or 

a l l  o f  t h e  f o l l o w i n g  s y s t e m s .

1-  Normal i n c i d e n t  i l l u m i n a t i o n .

2 . Dark-ground i l l u m i n a t i o n  w ith  c a t o p t r i c  con d en ser .

3 .  Phase C ontrast  f o r  in c id e n t  l i g h t ,  in c o r p o r a t in g  

p o s i t i v e  phase c o n t r a s t ,  normal i n c i d e n t ,  and dark-  

ground i l l u m i n a t i o n .

4 * The Tolansky t e c h n iq u e s  fo r  th e  study o f  minute  

i r r e g u l a r i t i e s  in  th e  s u r f a c e s  o f  c r y s t a l s  and o f  

machined, ground or la p p e d  metal  s u r f a c e s :

( a )  A h igh  r e s o l u t i o n  s u r f a c e  p r o f i l e  t e c h n iq u e  which  

can r e a d i l y  r e s o l v e  about 2000Â  and i s  p a r t i c u l a r l y  

s u i t a b l e  f o r  opaque spec im ens in  which a b r ig h t  

f i e l d  image i s  c r o s s e d  by one or a s e r i e s  o f  

p a r a l l e l  l i n e s  t o  y i e l d  i n  th e  l a t t e r  c a s e  a 

m u l t i p l e  p r o f i l e  p i c t u r e .

(b )  A s im p le  i n t e r f e r e n c e  method s u i t a b l e  f o r  opaque 

sp ec im ens  whereby a s e r i e s  o f  i n t e r f e r e n c e  f r i n g e s  

are  formed between a r e f e r e n c e  s u r fa c e  and the  

s u r f a c e  under t e s t .

( c )  M u lt ip le -b e a m  in t e r f e r o m e t r y  f o r  tran sparen t  or
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opaque o b j e c t s ,  where by a s e r i e s  o f  Fizeau  

f r i n g e s  are  formed between a r e fe r e n c e  s u r fa c e  

and t h e  s u r f a c e  under t e s t .

(d)  F r in g e s  o f  eq u a l  chrom atic  order f o r  transparent  

or  opaque o b j e c t s  whereby th e  o p t i c a l  s e p a r a t io n  

between  t h e  r e f e r e n c e  p l a t e  and the  s u r fa c e  o f  the  

sp ec im en  can be a c c u r a t e l y  determ ined ,  even i f  the  

f r i n g e s  a re  d i s c o n t i n u o u s .

5 * P o l a r i s e d  l i g h t .

The m ic r o s c o p e  was s e t  f o r  th e  p a r t i c u l a r  problem in  

hand, and photom icrogrphy  was ta k e n  by means o f  i  p l a t e  (or  

1̂  p l a t e )  b e l lo w s  camera r e s t i n g  on a s e p a r a te  s tand  upon which  

th e  m ic r o s c o p e  i s  a t t a c h e d .

F ig u r e  ( l 6 )  shows t h e  m icroscope  a d ju s t e d  fo r  r e f l e c t 

io n .

Most o b s e r v a t i o n s  were c a r r i e d  out i n  r e f l e c t i o n ,  

e i t h e r  by d i r e c t  m icroscopy  or by a v a r i e t y  o f  i l l u m i n a t i o n  

t e c h n i q u e s .  O c c a s i o n a l l y ,  t r a n s m i s s i o n  microscopy was u sed ,  

p a r t i c u l a r l y  when p o l a r i s e d  l i g h t  i s  t o  be employed fo r  the  

P o s s i b i l i t y  o f  d e t e c t i n g  an i n t e r n a l  s t r a i n .

For p h o to g ra p h y ,  Kodak orthochrom atic  p l a t e s  O.25O 

were u s e d  f o r  g r e e n  mercury l i n e  54^0 A® and fu r th e r  c o n t r a s t  

a c h ie v e d  by d e v e l o p i n g  i n  a c o n t r a s t  d e v e lo p e r  (Kodak D . l $ b ) .

For f r i n g e s  o f  eq u a l  ch rom atic  order  and h ig h  d i s p e r s i o n ,

Kodak p anochrom at ic  p l a t e s  P . 1200 which are  p a r t i c u l a r l y  

s e n s i t i v e  t o  t h e  g r e e n  l i n e  54^0 A® and a l s o  the  y e l lo w  l i n e s
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5779 A® and 5790 A °  were used: f u r t h e r  c o n t r a s t  was

o b ta in ed  by u s i n g  t h e  same d e v e lo p e r  D . ig b .

I t  w i l l  be seen  i n  t h e  f o l l o w i n g  c h a p te r s  how th e  

a v a i l a b i l i t y  o f  t h e s e  o p t i c a l  t e c h n iq u e s  have r e v e a le d  a grea t  

deal  o f  t o p o g r a p h i c a l  s u r f a c e  f e a t u r e s  on diamond.
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CHAPTER I 

OPTICAL STUDIES OF GROWTH FEATURES 

ON OCTAHEDRON FACES

I n t r o d u c t i o n .

Diamond c r y s t a l l i z e s  in  many forms in  th e  "cubic" 

sys tem ,  w hich  has t h e  most p e r f e c t  symmetry known. The most 

common sh a p e  i n  diamond i s  th a t  o f  t h e  o c ta h e d r o n . O bservation  

shows, how ever ,  t h a t  i n  v er y  few c a s e s  has th e  growth been f r e e .  

Hence a p p r o x im a t io n s  t o  o th e r  forms have been assumed as w e l l  as  

the  o c ta h e d r o n  c r y s t a l s  o f  i r r e g u l a r  h a b i t . Very few diamonds 

c r y s t a l l i z e  as  m a th e m a t ic a l ly  p e r f e c t  octahedrons^ i n  f a c t  very  

few p e r f e c t  c r y s t a l s  o f  any o f  t h e  p o s s i b l e  forms aree^ er  found.  

In v e r y  few  c a s e s ,  moreover,  are th e  fo u r  p a i r s  o f  o p p o s i t e  f a c e s  

e q u i d i s t a n t ,  t h e  c r y s t a l  th u s  t e n d in g  t o  f l a t n e s s  in  one or two 

d i r e c t i o n s .  With t h e  f l a t t e n i n g  c a r r i e d  t o  th e  extreme we have 

the  t a b u l a r  c r y s t a l  known a s  th e  " p o r tr a i t  stone" because  i t  can 

be u s e d  f o r  g l a z i n g  sm a l l  m i n i a t u r e s .  I t  i s  t o  be noted  th a t  

w hatever  t h e  f l a t t e n i n g  th e  i n c l i n a t i o n  o f  any g iv e n  octahedron  

f a c e  t o  a n o th e r  on th e  same c r y s t a l  i s  a lways a c o n s ta n t  angular  

q u a n t i t y .  However, th e  d i v e r s i t y  o f  i r r e g u l a r i t y  i n  diamond i s  

i n f i n i t e ,  and one would not be wrong in  a f f i r m i n g  th a t  no two 

c r y s t a l s  o f  diamond are  e x a c t l y  a l i k e .  This  would happen 

g e n e r a l l y  i f  t h e  c r y s t a l  had not had room i n  which t o  grow f r e e l y  

in  a l l  d i r e c t i o n s .  Under c o n s t r a i n t  th e  c r y s t a l  would tend to



assume a shape  conforming t o  th a t  o f  i t s  environments.  It  i s  

a lso  w e l l  t o  r e a l i z e  th a t  each diamond mine produces diamonds 

bearing  c e r t a i n  c h a r a c t e r i s t i c s  p e c u l i a r  to  that  mine. It  does 

not f o l l o w  t h a t  a l l  diamonds o f  one p a r t i c u l a r  mine are d i f f e r e n t  

from t h o s e  o f  a n o th e r  mine, but each mine taken  as a whole has a 

type o f  diamond not found in  o th e r  mines.  This  d i f f e r e n c e  i s  shown 

by one mine h av ing  a h igh  p e r c e n ta g e  o f  l a r g e  rounded octahedra  

w h ile  a n o th e r  mine w i l l  have v ery  few l a r g e  diamonds, and again  

another  mine w i l l  produce m ost ly  sharp-edged  o c ta h ed ra l  diamonds.

I t  i s  t h e r e f o r e  d i f f i c u l t  t o  d e r i v e  g e n e r a l  r u l e s  which apply  

u n ifo r m ly  t o  a l l  diamonds. For th e  most part  th e  edges o f  the  

b es t  o c ta h ed ro n s  are not sh a rp ,  and t h e r e  i s  a tren d  to  curvature  

towards t h e  c o r n e r s  g i v i n g  a rounded o u t l i n e  to  th e  whole .

Many o c ta h ed r a  have a groove or furrow in  p la c e  o f  the  

o c t a h e d r a l  e d g e . This may be due to  some p e c u l i a r i t y  in  t h e i r  

growth,  or  i t  may be an e f f e c t  o f  tw in n in g .  I f  a supplementary  

twin o f  two t e t r a h e d r a  have t h e i r  p r o j e c t i n g  corners  tr u n c a te d  by 

the  f a c e  o f  t h e  i n v e r s e  t e t r a h e d r o n ,  th e  tw in  c r y s t a l  w i l l  have 

the  appearance  o f  an octah ed ron  w ith  grooved  edges .  Twinned 

c r y s t a l s  are  f l a t t e n e d  p a r a l l e l  t o  th e  tw in  p lane  o f  an octahedron  

fa ce  and are  u s u a l l y  c a l l e d  "macles". Twinned oc ta h ed ro id  c r y s t a l s  

are q u i t e  common. They may be d e r iv e d  g e o m e t r i c a l ly  or 

p h y s i c a l l y  i n  t h e  same way from th e  s im ple  c r y s t a l -  But th e re  

i s  an im portant  d i s t i n c t i o n  between th e  t y p i c a l  m ade  and the  

i d e a l  m a d e  determ ined  by t h e  h em itro p ic  r o t a t i o n  o f  two ha lves  

of a s im p le  r e g u l a r  c r y s t a l *  I t  i s  th a t  the  former tends  to  a 

ta b u la r  h a b i t ,  i t s  t h i c k n e s s  b e in g  much l e s s  than that  o f  an
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octahedron o f  th e  same spread; moreover, i t s  c e n t r a l  p lane  

(" c o m p o s i t io n  p la n e " )  i s  s c a r c e l y  ever  a p lane  at a l l .  Sutton  

(1928) d e s c r i b e s  a tw in  a.s though i t  were formed from two f la k e s  

not n e c e s s a r i l y  o f  equal t h i c k n e s s ,  broken roughly from two fa c e s  

of a p l a s t i c  o c ta h ed ro n  and a f t e r  due r o t a t i o n  being squeezed  

t o g e t h e r .

M acles  are  rounded e x a c t l y  l i k e  s im ple  c r y s t a l s ^  

com p osite  and i r r e g u l a r  forms occur i n  about th e  same r a t i o  to  

r e g u l a r s ,  a s  i s  th e  c a s e  w ith  s im p le  c r y s t a l s .  A n e a r ly  complete  

c r y s t a l  may have a s m a l l  b lo c k  macled in t o  one dorner .  However, 

i t  i s  c u r i o u s  and c e r t a i n l y  important f a c t  that  th e  m ajor ity  o f  

macles have f la w e d  edges  ( S u t t o n  1 9 2 8 ) .  The f la w s  show as  

f e a t h e r y  l i n e s  o f  a brown t i n t ,  from n e a r ly  w hite  to  n ear ly  b lack  

running inward at r i g h t  a n g le s  t o  th e  e d g es .  I t  o f t e n  happens 

that  t h e  two components of  a m a d e  do not f i t  c l o s e l y  i . e .  e i t h e r  

they  have not come i n t o  or have been f o r c e d  away from j u s t a p o s i t i o n

N a tu r a l  octahedron  f a c e s  o f  diamond are c h a r a c t e r i s e d  

by w e l l  d e f i n e d  t r i a n g u l a r  d e p r e s s io n s  which are c a l l e d  "tr igons"  

a f t e r  S u t to n .  These t r i g o n e  are  always s t r i c t l y  un iform ly  

o r i e n t e d  on untwinned f a c e s  having t h e i r  a n g le s  d i r e c t e d  to the  

octahedron  e d g e s . They are  u s u a l l y  d i s t r i b u t e d  at random over  

the o c ta h ed ro n  f a c e s  and are  o f  a l l  s o r t s  and s i z e s ,  and a l s o  

vary ing  i n  number c o n s id e r a b l y  from one c r y s t a l  to  another even

on f a c e  t o  f a c e  o f  one c r y s t a l *

For lo n g  t h e r e  was much s p e c u l a t i o n  about t h e i r  o r ig in
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and f o r m a t io n .  Numerous e x t e n s i v e  s t u d i e s  were c a r r ie d  out 

by s e v e r a l  workers t o  account for  t h e s e  f e a tu r e s *

M iers  (1902)  a t t r i b u t e d  th e  t r i a n g u l a r  markings on the  

n a tu r a l  o c ta h ed ro n  f a c e s  to  e t c h  and co n s id e r e d  them to  be a 

s o l u t i o n  phenomenan. He drew h i s  c o n c l u s i o n s  from the  f a c t  that  

they  t a k e  t h e  p o s i t i o n  o f  e t c h  marks on t h e  octahedron fa c e s  of  

oth er  c r y s t a l s  such as  alum and c u p r i t e .

Crookes (19 0 5 )  who re p e a te d  G-ostav Rosens experiments  

by b u rn in g  diamonds b e f o r e  th e  blowpipe c o n s id e r ed  th e  n a tu ra l  

t r i a n g u l a r  d e p r e s s i o n s  t o  be due to  growth. Fersmann and 

Goldshmidt ( 1 9 I I )  s u g g e s t e d  th a t  th e  rounding o f  f a c e s  and edges  

are due to  p a r t i a l  d i s s o l u t i o n  i n  accordance  w ith  the  u sua l  

knowledge th a t  a l l  c r y s t a l s  g e t  rounded a f t e r  some d i s s o l u t i o n .  

Although t h e y  make th e  g e n e r a l  a s s e r t i o n  th a t  a l l  diamonds show 

s i g n s  o f  s o l u t i o n ,  th ey  do q u a l i f y  i t  by sa y in g  th a t  growth  

s t r u c t u r e ,  g e n e r a l l y  occurs  on th e  f a c e s  o f  th e  octahedron .  

Moreover, th ey  b e l i e v e d  th a t  th e  grooves  a long th e  edges were 

caused  by s o l u t i o n ,  and f u r t h e r  th e  t r i a n g u l a r  h i l l o c k s  bounding 

the  t r i a n g u l a r  d e p r e s s i o n s ,  which always show bent ed g e s ,  were 

a l s o  produced  by s o l u t i o n .

Van der Veen ( 1913) drew s p e c i a l  a t t e n t i o n  to  the  

t r i a n g u l a r  d e p r e s s i o n s  so n o t i c e a b l e  on th e  octahedron f a c e s ,  

and was o f  t h e  o p in io n  th a t  th ey  were produced by grow th . The 

method o f  growth he i l l u s t r a t e s  i s  shown i n  the  sk e tch  F igure  

( 1 7 ) .  T h is  s k e t c h  shows th a t  at th e  s i d e  of  the  d e p re s s io n s  are 

th e  h i l l o c k  g r o w th s ,  o f  which t h e r e  are t h r e e  in  the  i l l u s t r a t i o n
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R j .  n
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Each. h i l l o c k  growth c o n s i s t s  o f  e lem entary  p l a t e s  t o .w h ic h  

s i x  a r c h e d  segm ents  g i v e  d i t r i g o n a l  form. The p l a t e s  are a l l  

bounded d i f f e r e n t l y ,  and re sem b le  more or l e s s  an e q u i l a t e r a l  

t r i a n g l e .  V w  der  Veen sa y s  th a t  t h e  newer e lem entary  p l a t e s  

p o s s e s s  somewhat curved  o u t l i n e s ,  whereas th e  o ld e r  ones p o s s e s s  

s t r a i g h t  s i d e s  and conform more n e a r ly  t o  th e  e q u i l a t e r a l  

t r i a n g l e s  o f  t h e  o c ta h ed ro n  f a c e .  He a l s o  c la im ed  th a t  a l l  

i r r e g u l a r i t i e s  o f  t h e  diamond c r y s t a l s  e . g . ,  t h e i r  curved su r

f a c e s  and n o tc h e d  edges  can be e x p la in e d  by a growth in  l a y e r s  

a c c o r d i n g  to  th e  o c ta h e d r o n .  These growth l a y e r s  sometimes  

prod uce  n o tc h e d  edged o c ta h e d r o n s ,  but i t  i s  no lo n g e r  n e c e s s a r y  

t o  r e g a r d  th e  diamonds w ith  n o tc h e d  edges  a s  t w i n s .

Mohr (1924)  u s in g  g e o m e t r i c a l  a n a l y s i s  was o f  th e  

o p i n i o n  th a t  th e  t r i a n g u l a r  d e p r e s s i o n s  a r i s e  dur ing  c r y s t a l  

grow th .

Honess (19 2 7 )  who made a c a r e f u l  s tud y  o f  e t c h  

f i g u r e s  on many c r y s t a l s  a l s o  a t t r i b u t e d  th e  p i t s  on diamond t o

be due t o  growth phenomena.

S u t to n  (1 9 2 8 )  was a l s o  in  fa v o u r  o f  th e  growth  

phenomena. He c o n s i d e r s  t h e  t r i g o n s  t o  be a r e s u l t  o f  growth  

at d i f f e r e n t  r a t e s ,  grow th  at a c c e l e r a t e d  r a t e  forming h i l l s  and 

at r e t a r d e d  r a t e  t r i g o n s .  He a l s o  a t t a c h e s  im portance t o  t h e  

s u g g e s t i o n  of  F r i e d e l  (1 9 2 4 )  t h a t  th e  c u r v a tu re  i s  a r e f l e c t i o n  

s t a g e  o f  p l a s t i c i t y  th ro u g h  w hich  diamonds p a ss  dur ing  c r y s t a l -

l i s a t i o n .



'Williams ( 1932) s t r o n g l y  ad v o ca ted  th e  growth  

phenomena b a s in g  h i s  c o n c l u s i o n s  on m o rp h o lo g ica l  and e tc h  

c h a r a c t e r s  th a t  appear on diamond s u r f a c e s  e s p e c i a l l y  on the  

f a c e s  and ed ges  o f  th e  o c ta h ed ro n .  He shared  t h e  v ie w s  o f  Van 

der Veen ( 1913) th a t  th e  t r i a n g u l a r  d e p r e s s io n s  have been  

p roduced  by b u i l d i n g  t h e  diamond l a y e r  upon l a y e r  on t h e  fa c e  

o f  t h e  o c ta h e d r o n .  He a l s o  b e l i e v e d  th a t  the  c u rv a tu re  was due 

t o  t h e  s t e a d y  d im in u t io n  in  t h e  s i z e s  o f  th e  p l a t e s  away from the  

ed g es  o f  t h e  c r y s t a l s  and t h a t  t h e  g ro o v e s  are  formed on th e

ed g es  o f  t h é  p l a t e s  i f  t h e  e i g h t  f a c e s  f a i l  t o  j o i n .

Kucharenko ( I 9 4 6 )  s u g g e s t e d  t h a t  th e  cu rv a tu re  i s

a t t r i b u t e d  t o  minute c r y s t a l  f a c e t s  whose i n c l i n a t i o n  t o  one

a n o th e r  i s  very  s m a l l -

Raman and Ramaseshan ( 194° )  a f t e r  examining s e v e r a l  

diamond c r y s t a l s  came t o  t h e  c o n c l u s i o n  th a t  th e  cu rv a tu re  of  

t h e  f a c e s  and ed g es  i s  by c r y s t a l l i s a t i o n  from a l i q u i d  drop 

o f  ca r b o n .

I t  i s  c o n c lu d e d ,  t h e r e f o r e ,  th a t  a l th o u g h  t h e s e  

w r i t e r s  have e x p r e s s e d  t h e i r  o p in io n s  as to. th e  ca u se  o f  th e  

t r i a n g u l a r  d e p r e s s i o n s  and c u r v a tu r e  ob served  on t h e  n a tu r a l  

o c ta h ed ro n  f a c e s ,  on ly  a few have p r o v id e d  ex p e r im en ta l  ev id en ce  

in  support  o f  t h e i r  v i e w s .  T h is  u n c e r t a i n t y  remained u n t i l  th e  

work o f  Tolansky and Wilcock ( 1947) -

R e c a n t  S t u d i e s  on Trigons_^

.T o la n s k y  and W ilcock ( 1947) >^sed m ult ip le -beam
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i n t e r f e r o m e t r i c  t e c h n iq u e s  fo r  t h e i r  s t u d i e s  on some s e l e c t e d  

octahedrons  o f  diamond. The "crossed  fr in g e"  techn ique  gave 

c o n c l u s i v e  e v id e n c e  to  support th e  v iew that  curvature o f  

diamond f a c e s  and th e  occurrence  o f  th e  t r i a n g u l a r  p i t s  were 

a t t r i b u t e d  t o  growth.

In t h e i r  s t u d i e s  they  observed th a t  some growth sh ee ts  

are a lm ost  t r u l y  p l a n e ,  w h i l s t  o th e r s  are d i s t i n c t l y  convex.

They argued th a t  t h e r e  i s  no re a so n  to  suppose that  any s o l u t i o n  

p r o c e s s  has taken  p l a c e ,  p a r t i c u l a r l y  i n  view o f  the  s t r i c t  

r e c t i l i n e a r i t y  o f  th e  boundary e d g e s .  Furthermore, they b e l i e v e d  

th a t  i t  i s  q u i t e  u nreason ab le  t o  suppose th a t  s o l u t i o n  cou ld  

a t t a c k  t h e  upper r e g io n  and yet  f a i l  t o  a t ta c k  an ad jacent  lower  

l a y e r  when th e  d i f f e r e n c e  i n  h e ig h t  i s  merely 200A°. They 

co n c lu d ed  t h e r e f o r e  th a t  th e  cu rv a tu res  o f  th e  f a c e s  a r i s e  during  

growth.  They a l s o  showed th a t  the  t r i g o n s  are a growth phenomena 

and th e y  proposed  f o r  t h e i r  form ation  th a t  growth ta k e s  p la c e  by 

means o f  s h e e t s  or wave f r o n t s ,  advancing in  th r e e  p o s s i b l e  

d i r e c t i o n s  i n c l i n e d  at 60° t o  each o t h e r .  Then when one la y e r  i s  

h e ld  up over a s e c t i o n  o f  i t s  f ro n t  by some d is tu r b a n ce  a s tep  

would be formed which would i n c r e a s e  i n  h e ig h t  as su cceed in g  

l a y e r s  a r r iv e d  at th e  s t a t i o n a r y  f r o n t . Secondary growth would 

then  s t a r t  from th e  edges  o f  th e  l a y e r s ,  p roceed ing  from e i t h e r  

s id e  o f  th e  s t a t i o n a r y  part  o f  th e  i n t i a l  f ro n t  and when the  

secondary  f r o n t s  met a f l a t - b o t t o m e d  t r i g o n  i s  e n c lo s e d .

However, t h i s  growth mechanism e x p la in s  only  th e  f l a t -
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bottoined t r i g o n s j  I t  does not account fo r  the  pyramidal trig^ons 

which are  o f  more frequent  occurrence  on the  octahedron fa ces  

of  diamond.

T h e r e fo r e ,  i t  was f e l t  that  f u r th e r  s t u d i e s  on the  

n a tu re  and form o f  t r i g o n s  was n e c e s s a r y .

Wilks (1952)  co n t in u ed  the work of  Tolansky and Wilcock 

on th e  t r i g o n s  u s in g  the  i n t e r f e r o m e t r i c  t e c h n iq u e s .  She con

c lud ed  from her o b s e r v a t io n s  that  t r ig o n s  cou ld  be c l a s s i f i e d  under 

th r e e  headings a l th o u g h  th e r e  were n o t i c e a b l e  v a r i a t i o n s  w ith in  

the  grou p s .

(a )  Shallow t r i g o n s  -  t h e s e  are mostly sm all  and 

t h e i r  depths are p r o p o r t io n a l  to  su r fa c e  area .

(b) The t e t r a h e d r a l  form -  th e  m in o t i ty  o f  the  deep 

t e t r a h e d r a  are r e g u la r  i . e .  sometimes the s i d e s  

had two s l o p e s .  In many c a s e s  th e  l a r g e r  t r ig o n s  

over lap ped  w ith  t h e i r  n e igh b ou rs ,  and some con

t a i n e d  w i t h in  t h e i r  boundaries  s m a l l e r ,  sha l low  

t r i g o n s .

( c )  The f la t - b o t t o m e d  t r i g o n s  -  th e s e  were very  ra re .

With regard  to  (a )  i f  the  area in  sha l low  t r i g o n s  i s
V ,

depth then  the  l e n g t h  o f  th e  s i d e  i s  oC (depth) and t h i s  i s  

a p a r a b o l i c  r e l a t i o n  which means that  the  t r i g o n s  are s t e e p e r  

than th a t  which i s  n e c e s s i t a t e d  by the  l i n e a r  r e l a t i o n ,  l e n g th  of  

the  s i d e  o C  d ep th ,  fo r  th e  t r i g o n s  are g e n e r a l ly  sh a l low er

at th e  bottom than at th e  top -
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Concerning (b) her c o n c lu s io n s  were not c l e a r  for  i  

some c a s e s  th e  s l o p e  f l a t t e n e d  near th e  bottom o f  the t r ig o n  

a lthou gh  th e  bottom was p o in t e d ,  and f u r th e r  she could  f in d  no 

r e l a t i o n  e x i s t i n g  between th e  s u r fa c e  area  o f  th e  t r ig o n s  and 

t h e i r  d e p th s .

As t o  ( c ) ,  as  t h e s e  t r i g o n s  were rare she was unable to  

get any r e l a t i o n s  e x i s t i n g  between l e n g t h  o f  the s i d e s  o f  the  

t r i g o n s  and t h e i r  d ep th s .

T h er e fo r e ,  i t  seems th a t  her o b ser v a t io n s  were not 

s u f f i c i e n t  to  g i v e  a g e n e r a l  c o n c l u s i o n .

Tolansky ( 1953)# Omar ( 1953) a f t e r  examining s e v e r a l  

octahedron  f a c e s ,  in c lu d in g  some n ea r ly  p e r f e c t  s t o n e s ,  have 

e s t a b l i s h e d  th a t  i n  f a c t  a l l  ( i l l )  f a c e s  so fa r  examined r e v e a l  

t r i g o n s ,  and th a t  many o f  them are l e s s  than 50A^ deep.

Omar ( 1953) a l s o  found that  l a r g e  t r i g o n s  can be as  

sh a l lo w  as sm all  o n es .  On some s to n e s  he observed a number o f  

deeper t r i g o n s  which enab led  him to  make a s t a t i s t i c a l  survey of  

th e  r e l a t i o n  between s i z e  and depth o f  t r i g o n s  but h i s  survey was 

so l i m i t e d  tha t  i t  cannot be a ccep te d  as a g en era l  r u le  u n t i l

more ev id e n c e  i s  g i v e n .

He a l s o  put forward a s u g g e s t io n  fo r  h i s  o b se r v a t io n s

on t h e  t r i g o n s ,  in  p a r t i c u l a r  th e  p yram id ica l  t y p e ,  bas ing  h i s  

id ea s  on an experiment made on io d in e  c r y s t a l s  grown from 

s o l u t i o n -  These c r y s t a l s  grow as in d e n d in tr ic  t r e e s  w ith  l imbs  

which arrange th e m se lv e s  i n  rows o f  growth h i l l o c k s  and en c lo se
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g e o m e tr i c a l  d e p r e s s io n s  s i m i l a r  in  nature to  the  t r i g o n s .

He conc luded  tha t  on octahedron f a c e s  of diamond the  

p r o c e s s  o f  form ation  o f  t r i g o n s  i s  s i m i l a r .  He. t h e r e f o r e ,  

c o n s id e r e d  tha t  growth s t a r t s  by means o f  t r ia n g u l a r  p l a t e s  which 

can be sm al l  in  s i z e .  From th e  t i p s  o f  t h e s e  t r ia n g u l a r  p l a t e s  

o ther  t r i a n g u l a r  p l a t e s  are d ev e lo p sd .  From th e  t i p s  o f  th e se  

secondary p l a t e s  o th er  t e r t i a r y  p l a t e s  are developed and so on.

This k ind  o f  growth he c a l l e d  "growth from th e  corners outwards".  

I f ,  however,  the  t r i a n g u l a r  p l a t e s  are i n  conformity with the  

octahedron  fa c e  they  can e n c l o s e  t r i a n g u l a r  spac ings  between t h e i r  

branches in  th e  exact  p o s i t i o n  o f  the  t r i g o n s .  Thus, he c o n s id er ed  

that  growth i s  a con t inu ou s  wave front  th a t  i s  advancing^ only that  

i t  i s  d i s s e c t e d  wave front  f u l l  o f  corners  and s t e p s  in  th r e e  

mutual d i r e c t i o n s  and th e  whole group w i l l  b u i l d  up as a pyramid 

f u l l  o f  t r i a n g u l a r  d e p r e s s i o n s .

This e x p la n a t io n  cannot, be a c c e p te d ,  as th e  p ro ce s s  of  

growth o f  diamond i s  much more com p lica ted  than he had assumed.

H alper in  ( 1.954) who a l s o  made some s t u d i e s  on n a tu ra l  

octahedron  f a c e s  o f  diamond observed  on one c r y s t a l  a sequence o f  

t r i g o n s  at d i f f e r e n t  s t a g e s  o f  form ation  and proposed a p o s s i b l e  

e x p la n a t io n  fo r  i t s  fo rm a tio n .  He ex p la in e d  th e s e  s t a g e s  by 

p o s t u l a t i n g  th a t  th e  main d i r e c t i o n  in  which growth advances i s  

away from th e  c e n t r e  and p erp en d icu la r  to  the  edges o f  th e  growth 

s h e e t s .  Along each o f  t h e s e  edges th ere  i s  only one main 

. d i r e c t i o n  o f  growth and when th e  growth wave approaches a t r ig o n .
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th e  p r o c e s s  i s  as  f o l l o w s : -

( i )  At f i r s t  th e  growth wave approaches th e  edge of  

th e  t r i g o n  which i s  p a r a l l e l  t o  the  growth f r o n t ,

( i i )  On re a ch in g  t h i s  edge (where t h i s  t r i g o n  should  

be formed) growth i s  a r r e s t e d  a long i t .

( i i i )  Growth p r o ce ed s  on both s i d e s  o f  th e  o b s t a c l e ,  

p ro p a g a t in g  round th e  c o r n e r s ,  and f i n a l l y ,  by 

inward growth,  th e  s h e e t s  form th e  o ther  s i d e s  o f  

t h e  t r i g o n .

When n e ig h b o u r in g  t r i g o n s  d i s t u r b  the  com plet ion  o f  a 

t r i g o n  from th e  s i d e ,  growth prop agates  around a l l  th e  o b s t a c l e s  

and f i n a l l y  th e  t r i g o n s  may be com pleted .

He t h e r e f o r e  based  h i s  f i n a l  c o n c l u s io n s  f o r  the  

fo r m a t io n s  o f  t r i g o n s  on th e  th e o ry  o f  d i s l o c a t i o n  due to  Frank 

(1 9 4 9 )  and Burton, Cabrera and Frank ( 1 9 5 1 ) .  He assumed that  th e  

o b s t a c l e s  which a r r e s t  th e  growth and cau se  t r i g o n s  t o  be formed 

a re  f a u l t s  in  th e  l a t t i c e  which are mainly d i s l o c a t i o n s  c r e a te d  

on t h e  octahedron  s u r f a c e s  o f  diamond under c e r t a i n  c o n d i t i o n s .  

For th e  form ation  o f  t h e s e  d i s l o c a t i o n s ,  i n t e r s t i t i a l  f a u l t s  

a r e - f i r s t  formed by m i s f i t t i n g  o f  i n d i v i d u a l  atoms in  th e  l a t t i c e  

p o i n t s . These f a u l t s  accum ulate  from l a y e r  to  l a y e r  in  th e  grow

in g  c r y s t a l  u n t i l  t h e i r  d e n s i t y  on a c e r t a i n  s u r fa c e  area  becomes 

so h ig h  t h a t  th e  s u r f a c e  energy may be lowered, by s t r e t c h i n g  out 

o f  t h e  new oncoming l a y e r  i n t o  t h e  next m ech an ica l ly  s t a b l e  con 

f i g u r a t i o n  o f  th e  l a t t i c e .  Thus, an im perfec t  s e s s i l e  d i s l o c a t -
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ion ( i a , i a . i a )  s u g g e s t e d  by Frank (1949) on fa c e  cen tred  cubic  

l a t t i c e s  i s  formed on th e  boundary which should pass  a long the

( i i i )  tw in n in g  l a t t i c e  p la n e s  c u t t i n g  the  s u r f a c e .  With the  

advance o f  th e  growth sh ee t  t h i s  p r o c e s s  i s  com pleted ,  l e a v in g  

what he c a l l s  a ’’t r i b a s e ” w ith  an im perfec t  s t e p  a long i t s  bound

ary .  I t  i s  s e p a r a te d  from th e  p e r f e c t  l a t t i c e  by th r e e  octahedral  

t w i n - l a t t i c e  p l a n e s  c u t t i n g  th e  growing f a c e .  In t h i s  way the  

’’t r i b a s e s ” are  o b ta in e d ,  and i n  c e r t a i n  c o n d i t i o n s  o f  growth,  

th e  advanc ing  l a y e r s  w i l l  be a r r e s t e d  on the  boundaries  forming  

t r i a n g u l a r  growth p i t s  or t r i g o n s .

He a l s o  t r i e d  to  e x p l a i n  why sm a l l  t r i g o n s  are deeper  

than l a r g e r  ones but t h i s  i s  not always th e  c a s e  as l a r g e  t r i g o n s  

can be deep .

In  f a c t ,  a l l  th e  above o p in io n s  remain as s p e c u la t io n s  

and no d e f i n i t e  answer can be g iv e n  as t o  th e  mechanism o f  

fo rm a t io n  o f  t r i g o n s  u n t i l  th e  problem o f  how a diamond grows i s

s o l v e d .
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CHAPTER I l

ANOMALIES IN TRIGONS,

I n t r od u c t i o n .

As i n d i c a t e d  i n  t h e  p r e v io u s  ch a p te r  e x t e n s i v e  s t u d i e s  

made by p r e v i o u e  workers on n a t u r a l  oc tahedron  f a c e s  have 

r e v e a l e d  t h e  e x i s t e n c e  o f  b e a u t i f u l l y  shaped e q u i l a t e r a l  dep

r e s s i o n s ,  t h e  t r i g o n s ,  which a r i s e  during- growth. On many c r y s t a l  

f a c e s  most o f  t h e  t r i g o n s  a r e  very  s h a l lo w  sometimes l e s s  than  

50 deep (T o lan sk y  1953) -  In  o th e r  i n s t a n c e s  th e  c r y s t a l  f a c e s  

are c o v e r e d  w i th  much d eep er  t r i g o n s ,  o f t e n  i n c o n v e n ie n t l y  deep 

f o r  an i n t e r f e r o m e t r i c  approach .  These were measured to  be 

som et im es  4 m icrons u s i n g  th e  shadow c a s t i n g  t e c h n iq u e  d eve loped  

by T o lansk y  ( 1954)*

In t h e  p r e s e n t  i n v e s t i g a t i o n  n e a r ly  a hundred octahed

ron f a c e s  o f  d i f f e r e n t  c r y s t a l s  have been examined, some o f  

t h e s e  a re  q u i t e  s m a l l  but r e g u l a r  w h i l s t  o t h e r s  are l a r g e r  and 

c o n v e n ie n t  f o r  th e  i n t e r f e r o m e t r i c  s tu d y .  I t  was ob served  in  

ev e ry  c a s e  t h a t  t r i g o n s  are  a lw ays  p r e s e n t  on th e  s u r f a c e s  

a l t h o u g h  in  some c a s e s  th e y  were o n ly  s e e n  w ith  h igh  m a g n i f i c a t 

io n  and c r i t i c a l l y  c o r r e c t  i l l u m i n a t i o n .  These t r i g o n s  vary  

c o n s i d e r a b l y  i n  number from one c r y s t a l  t o  another  and even from 

one f a c e  o f  t h e  same c r y s t a l  t o  a n o th e r .  Furthermore, they  are  

m o s t ly  s h a l lo w  w i t h  t h e i r  bottom s f l a t ,  e s p e c i a l l y  i n  n e a r ly  

p e r f e c t  c r y s t a l s ,  w h i le  on im p e r fec t  c r y s t a l  f a c e s  th ey  are
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u s u a l l y  d e ep er  and o c c a s i o n a l l y  t h e i r  s i d e s  are extended down 

to  meet a p o i n t ,  l i k e  an i n v e r t e d  pyramid. I t  i s  o f  i n t e r e s t  to  

note  t h a t  an attem pt  has been  made t o  f i n d  out i f  th e r e  i s  any 

r e l a t i o n  e x i s t i n g  between d ep th s  and s i z e s  o f  t r i g o n s  and i t  was 

not ea sy  t o  g e t  any c o r r e l a t i o n  which co u ld  be co n s id e r e d  as a 

g e n e r a l  r u l e .

On t h e  f a c e s  o f  many diamonds t r i g o n s  are randomly 

d i s t r i b u t e d  as shown i n  f i g u r e  ( l 8 ) .

In a d d i t i o n  t o  t h e s e  e q u i l a t e r a l  d e p r e s s io n s  some 

a n o m a l ie s  have been o b s e r v e d .  These w i l l  now be d e s c r ib e d  and 

d i s c u s s e d .

I n t e r f e r o m e t r i c  Study o f  Anomalous F e a t u r e s .

The f e a t u r e s  now t o  be d e s c r ib e d  were observed  on one 

f a c e  o f  a w e l l  formed good n a t u r a l  o c ta h ed ro n ,  the  average  s id e  

o f  an edge b e in g  4  mm, t h i c k n e s s  3 mm. and weight 0 .6 3  c a r a t s .  

S i m i la r  but few o f  t h e s e  have a l s o  been ob served  on f a c e s  o f  

o th e r  c r y s t a l s .  A l l  t h e  f e a t u r e s  were examined u s in g  both  

F ize a u  f r i n g e s  and f r i n g e s  o f  equal chrom atic  o rd er .  This  has  

been done by i n t i a l l y  o b t a i n i n g  F ize a u  f r i n g e s  and p r o j e c t i n g  

t h e  image o f  a p a r t i c u l a r  anomalous t r i g o n  on th e  opened s l i t  

of  t h e  c o n s t a n t  d e v i a t i o n  sp ec tr o g ra p h :  so t h a t  one q,f th e  edges

o f  t h e  i r r e g u l a r  t r i g o n  was at r i g h t  a n g le s  t o  th e  s l i t .  The 

wedge a n g le  o f  t h e  i n t e r f e r o m e t e r  was th e n  a d ju s te d  so that  

F iz e a u  f r i n g e s  were ob ser v ed  at r i g h t  a n g le s  t o  th e  above edge 

of  t h e  i r r e g u l a r  t r i g o n  and p a s s i n g  through  one o f  i t s  c o r n e r s .
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The s l i t  was th e n  narrowed and th e  mercury lamp was re p la c ed  by 

carbon a r c .  By t h i s  use  o f  F izeau  f r i n g e s  and f r i n g e s  o f  equal  

chrom atic  order a l l  th e  f e a t u r e s  were i d e n t i f i e d  and t h e i r  depths  

were measured. For each f e a t u r e  both F izeau  f r i n g e s  and f r i n g e s  

of equal  chrom atic  order were taken  on th e  same photographic  

p l a t e  and measurement were c a r r i e d  out w ith  an accuracy of  about 

1̂ 0 .

The anom alies  in v o l v e  a form o f  t r u n c a t io n  of the  

t r i g o n .  The t r u n c a t i o n  t a k e s  p l a c e  e i t h e r  i n  one corner  and t h e s e  

w i l l  be c a l l e d  " s i n g l e  tru nca ted"  t r i g o n s  or in  two corners  of  

th e  f e a t u r e ,  and t h e s e  w i l l  be c a l l e d  "double truncated"  t r i g o n s .

In  most c a s e s  th e  t r u n c a t i o n  was s t r a i g h t  and c r y s t a l l o -  

g r a p h i c a l l y  o r i e n t e d ,  but in  very  few c a s e s  i t  ten ds  to  show a 

s l i g h t  c u r v a tu r e .  A lso  in  a l l  c a s e s  growth has tak en  p la c e  

i n s i d e  th e  f e a t u r e s .

Sin&le t r u n c a te d  T r i g o n s .

An example o f  a s i n g l y  t r u n c a te d  t r i g o n  i s  shown in  

th e  photomicrograph f i g u r e  ( l $ a )  X 970- I t  i s  c l e a r  th a t  one of  

th e  co rn ers  has been s p l i t  i n t o  two p a r t s  each o f  which i s  

s t r a i g h t  and c r y s t a l l o g r a p h i c a l l y  o r i e n t e d .  Examination o f  the  

f e a t u r e  u s in g  f r i n g e s  o f  equal  chromatic order f i g u r e  ( l 9b)X  2J 0 

shows th a t  i t  i s  a d e p r e s s io n  w ith  depth about 1900 A^. A second  

example o f  t h i s  type  i s  shown i n  f i g u r e  ( 20a) X I I 5 0 .  In t h i s  

c a s e  th e  t r u n c a t io n  i s  p a r a l l e l  t o  th e  base  o f  th e  f e a t u r e .

F igure ( 20b) X 250 shows th e  f r i n g e s  o f  equal chromatic  order fo r
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one l i n e  s e c t i o n  p a s s in g  through th e  t r u n c a te d  corner .

Measurement shows th a t  the  depth o f  t h i s  f e a t u r e  i s  about 1230A°.

A t h i r d  example i s  s t r i k i n g  f o r  th e  t r u n c a t io n  in  the  

corner  has taken p l a c e  i n  two s t e p s  in  one o f  them th e  t r u n c a t io n  

i s  s t r a i g h t  w h i le  i n  t h e  o th e r  i t  i s  i r r e g u l a r .

This i s  shown i n  F igure ( 21a) X 860 . F igure  ( 21b)

X 350 shows th a t  th e  depth o f  such f e a t u r e  i s  about 3000 A°. A 

fo u r th  example o f  t h i s  type  i s  shown in  F igure  ( 22) X 79O. This  

photomicrograph shows th a t  th e  t r u n c a t i o n  has taken  p l a c e  i n  two 

s t e p s .  In th e  f i r s t  part  i t  i s  s l i g h t l y  curved .

A l a s t  example i s  one o f  th e  common t r u n c a t io n  w ith  one 

s l i g h t l y  curved edge as  shown i n  F igure ( 23a) X 1080 .  F igure  

(23b)  shows the  f r i n g e s  o f  equal chromatic  order f o r  one l i n e  

s e c t i o n  p a s s in g  through th e  middle o f  th e  t r u n c a te d  co r n e r .  The 

depth  o f  such f e a t u r e  i s  found t o  be about 2400A°.

Doubly Truncated T r i g o n s .

The f i r s t  example shows a t y p i c a l  t r u n c a t io n  which has  

taken p l a c e  at two c o r n e r s ,  w ith  s t r a i g h t  t r u n c a t i o n s  c r y s t a l 

l o g r a p h i c a l l y  o r i e n t e d ,  g i v i n g  th e  appearance o f  th e  t r i g o n  as a 

s i x  s id e d  f i g u r e  as  shown in  F igure (24a)  X 1500 .  F r in g es  of  

equal  chromatic  order have been taken a lon g  th r e e  d i f f e r e n t  

d i r e c t i o n s .  Two o f  t h e s e  are  shown i n  F ig u r es  (24b) X 24O,

(2 4 c )  X 350 . The f r i n g e s  show th a t  th e r e  i s  a s l i g h t  curvature  

and a l s o  r e v e a l s  t h e  o v e r la p p in g  o f  th e  growth t r i g o n s  i n s i d e  

th e  f e a t u r e .  The depth o f  t h i s  f e a t u r e . i s  about 3300A°.
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A second example i s  shown in Figure (25a) X 61O. Here 

a g a in  two c o r n e rs  have been t r u n c a te d  w ith  edges c r y s t a l lo g r a p h 

i c a l l y  o r i e n t e d .

F ig u res  (25b) X 200 and (25O) X 2)0  show th e  f r i n g e s  

o f  equal chrom atic  order o f  a l i n e - p r o f i l e  o f  a s e c t i o n  p a s s in g  

through the  co rn ers  A and B o f  th e  f e a t u r e .  The cu rvature  i s  

here much more pronounced in  f i g u r e  (25O) X 290 .  C a lc u la t io n  

r e v e a l e d  th a t  th e  depth o f  such  f e a t u r e  i s  about 2l60A^.

A remarkable example o f  t h i s  ty p e  of  t r u n c a t io n  i s  

shown in  F igure ( 26a) X 860 .  I t  i s  c l e a r l y  seen  from t h i s  photo- 

micrograph th a t  th e  t r u n c a t i o n  i n  one o f  t h e  corners  i s  shown to  

be s t r i c t l y  s t r a i g h t  w h i l e  i n  t h e  o th er  corner  t r u n c a t io n  has  

taken  p l a c e  in  two s t e p s  and each s t e p  i s  c r y s t a l l o g r a p h i c  

a l th o u g h  t h e r e  appears a s l i g h t  cu r v a tu r e .  Also i t  i s  e a s i l y  

seen  th a t  growth has taken  p l a c e  i n s i d e  such f e a t u r e .  F igure  

(26b) X 320 i s  th e  f r i n g e s  o f  equal chromatic  order f o r  a l i n e -  

p r o f i l e  o f  a s e c t i o n  p a s s in g  through th e  top corner o f  such  

f e a t u r e .  The f r i n g e s  a l s o  show a l i t t l e  cu rvature  at the  base  

o f  t h e  f e a t u r e ,  and c a l c u l a t i o n  r e v e a le d  th a t  i t s  depth i s  about 

2200A ° .

A f o u r th  example i s  shown in  Figure ( 27a) X 720- Both 

t r u n c a t i o n s  at th e  two co r n e rs  are  s t r i c t l y  s t r a i g h t  and 

c r y s t a l l o g r a p h i c  w ith  one o f  th e  corners  showing l i n e a r  s t e p s .  

The f r i n g e s  o f  equal chrom atic  order i n  F igure (27b) X 250 

r e v e a l e d  th a t  i t s  depth i s  about 1400A°.
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A f i f t h  example i s  shown i n  Figure ( 28a) X 1 1 2 0 .  Here 

a g a in  th e  t r u n c a t i o n - h a s  ta k e n  p l a c e  at two c o r n e r s .  The depth  

has been c a l c u l a t e d  from th e  f r i n g e s  o f  equal chromatic  order to  

be about 112QA° as i l l u s t r a t e d  in  f i g u r e  ( 28b) x 32Q.  The f r i n g e  

p a t t e r n  shows a l s o  th e  o v e r la p p in g  o f  growth t r i g o n s  i n s i d e  th e  

f e a t u r e .

A f i n a l  example i s  shown in  f i g u r e  ( 29a) x 1080 .  I t  

i s  one o f  th e  f e a t u r e s  w ith  more complex i r r e g u l a r i t i e s .  Figure  

(29b) X 186 shows th e  l i n e - p r o f i l e  o f  a s e c t i o n  p a s s in g  through  

th e  middle top r e g io n  and c a l c u l a t i o n  r e v e a l e d  i t s  depth t o  be 

about 600A °. The f r i n g e  p a t t e r n  r e v e a l e d  a l s o  the  o v er la p p in g  o f  

growth t r i g o n s  i n s i d e  th e  f e a t u r e .

D i s c u s s i o n .

These an om alies  c o u ld  be accounted  fo r  by two s u p p o s i t 

i o n s .  F i r s t , th a t  growth p r o c e e d s  i n  l a y e r s  sp read in g  i n  s u c c e s s 

io n  over  th e  c r y s t a l  from co m p a ra t iv e ly  few c e n t r e s .  Second» 

t h a t  d i s t u r b a n c e s  are p r e s e n t  on th e  s u r f a c e  to  impede th e  forwara  

p r o g r e s s  o f  th e  growing l a y e r s .  The f i r s t  o f  t h e s e  assum ptions  

i s  q u i t e  in  accord  w ith  th e  modern v iew s  on c r y s t a l  growth,  

which have been r e v iv e d  by Buckley and by Mott ( 1949)» and which  

c o n c e iv e  growth t o  ta k e  p l a c e  in  l a y e r s  o f  m olecu lar  t h i c k n e s s .  

These t h e o r i e s  are  v a l i d  f o r  growth from s o l u t i o n .  The p r i n c i p a l  

d i f f i c u l t y  en cou n tered  by th e  l a y e r  growth t h e o r y ,  when i t  i s  

a p p l i e d  t o  c l o s e - p a c k e d  s u r f a c e s ,  i s  t o  account fo r  th e  

e x i s t e n c e  o f  a p p r e c i a b le  c o n t in u e d  growth a t ' l o w  s u p e r s a t u r a t io n .
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Under t h e s e  c o n d i t i o n s  a l a y e r  a lrea d y  i n  e x i s t e n c e  w i l l  grow 

u n t i l  i t  c o v e r s  th e  whole s u r f a c e ,  but th e  i n i t i a t i o n  o f  a new 

l a y e r  r e q u ir e s  a two d im en s io n a l  n u c leu s  g r e a t e r  than a c e r t a i n  

c r i t i c a l  s i z e ,  and th e  c a l c u l a t e d  r a t e  at which such n u c lé a t io n  

occurs  i s  n e g l i g i b l y  sm all  u n l e s s  th e  s u p e r s a t u r a t io n  i s  much 

h ig h e r  than any e x p e r im e n ta l ly  observed  v a l u e .  Frank ( 1949) has  

p o i n t e d  out th a t  t h i s  d i f f i c u l t y  i s  avo id ed  i f  th e  c r y s t a l  s u r fa c e  

i s  not p e r f e c t . I t  i s  w e l l  known th a t  th e  m echanical  s t r e n g t h  

o f  a c t u a l  c r y s t a l s  i s  f a r  l e s s  than th e  t h e o r e t i c a l  s t r e n g t h  o f  

a p e r f e c t  c r y s t a l ,  and t h i s  d i s cr e p a n c y  i s  a t t r i b u t e d  t o  th e  

p r e s e n c e  of  l a t t i c e  i m p e r f e c t i o n s .  It  i s  p o s s i b l e  th a t  t h e s e  

f e a t u r e s  are b u i l t  on l i n e a r  d i s l o c a t i o n  r e g io n s  in  th e  c r y s t a l  

l a t t i c e .  Growth p r o g r e s s e s  u n t i l  a l i n e a r  d i s l o c a t i o n  i s  reached  

and th en  growth sweeps round t h i s  so th a t  the  f e a t u r e  w i l l  be 

f i l l e d  i n .  Yet even i f  f i l l e d  in  from behind  th e  l i n e a r  d i s l o c a t 

ion  can be l e f t  in  the  body o f  th e  c r y s t a l . This  v iew has been 

fa v o u red  by Tolansky ( 1955)» and t h e r e  i s  a grea t  d e a l  o f  

e v id e n c e  which i n d i c a t e s  t h a t  most c r y s t a l s  are very im perfect  

in  s t r u c t u r e .  The t e n s i l e  s t r e n g t h s  o f  a c t u a l  c r y s t a l s  are only  

sm a l l  f r a c t i o n s  o f  what they  w^ould be f o r  p e r f e c t  c r y s t a l s ,  and 

t h e  i n t e n s i t i e s  o f  X-ray r e f l e c t i o n s  i n d i c a t e  th a t  the  p r e c i s e  

s t r u c t u r e  which e x i s t s  in  sm al l  r e g io n s  i s  not con t inu ed  un

i n t e r r u p t e d  throughout th e  c r y s t a l .  There are c i s c o n t i n u i t i e s  

at i n t e r v a l s  o f  th e  order  o f  100A°. The d i s c o n t i n u i t i e s  are not 

at r e g u l a r  i n t e r v a l s ,  th e  id e a  o f  a r e g u la r  secondary s t r u c t u r e
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due to  fundamental c a u s e s ,  which at one t ime put forward by 

Zwicky (1 9 2 9 ) .  (1932)  i s  not now accepted:  as Smekal ( l 930)

has shown by measuring m echanical  p r o p e r t i e s  of  rock s a l t  

c r y s t a l s ,  and Lonsdale  ( 1947) by d iv erg en t  beam X-ray photography  

o f  v a r io u s  c r y s t a l s . I t  seems l i k e l y  th a t  t h e s e  im p e r fe c t io n s  

r i s e  (a t  any r a te  p a r t l y )  from th e  manner o f  growth by the  

sp re a d in g  o f  l a y e r s  a c r o s s  th e  f a c e s . S u c c e s s iv e  l a y e r s  do not 

n e c e s s a r i l y  j o i n  up p e r f e c t l y  w ith  each o t h e r .  Champion ( 1953) 

has been ex p lo r in g  spec imens of  diamond w ith  n uc lear  r a d i a t i o n s  

o f  d i f f e r i n g  p e n e t r a t i o n s .  He re p o r ts  l o c a l  im p e r fe c t io n s  in  

diamond.

Again changes o f  p r e s s u r e  and s u p e r s a t u r a t io n  might 

a l s o  a f f e c t  th e  form ation  of t r i g o n s  and i t  seems l i k e l y  that  

r e d u c t io n  in  p r e s s u r e  shou ld  enhance the  f a u l t s  in th e  l a t t i c e ,  

the  changes of s u p e r s a t u r a t io n  a f f e c t i n g  th e  r a te  o f  growth.

I t  might be tha t  the  com binat ions  o f  t h e s e  f a c t o r s  cause  t h e s e  

a n o m a l i e s .

As t o  th e  s l i g h t  cu rva tu re  w^hich i s  observed  in  some 

of  t h e  f e a t u r e s .  This co u ld  be a t t r i b u t e d  to  th e  high temperature  

at which diamond i s  formed (Burton,  Cabrera and Frank ( 1949)* 

( 1 9 5 1 ) ) .  The b in d in g  energy in  diamond i s  g r e a t . According to  a 

known r e l a t i o n  depending on c o n c e n t r a t io n  o f  kinks t h i s  should  

r e s u l t  in  n ea r ly  s t r a i g h t  e d g e s ,  u n le s s  th e  temperature i s  h igh .

The e x i s t e n c e  o f  anom alies  on one c r y s t a l  fa c e  where 

l i n e a r  d i s c o n t i n u i t i e s  has been observed ( t h i s  w i l l  be d i s c u s s e d
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l a t e r )  s u g g e s t s  th a t  th e  l o c a l  d i s t o r t i o n s  in  the  l a t t i c e  which 

may have caused  " s l ip "  to  occur may have a f f e c t e d  the  formation o f  

t r i g o n s  during t h e i r  growth and cause  t h e s e  i r r e g u l a r i t i e s .

Furthermore, i t  has been e s t a b l i s h e d  by Tolansky and 

Fmara (1955) th a t  t h e r e  e x i s t s  on t h i s  c r y s t a l  growth f e a t u r e s  

( d i s c u s s e d  i n  th e  next ch a p te r )  which can be ex p la in ed  to  be due 

to  th e  i n t e r s e c t i o n  o f  (221)  w ith  th e  ( i l l )  f a c e ,  and th e r e  i s  a 

p r o b a b i l i t y  th a t  th e  i n t e r a c t i o n  of  th e  (221)  p la n e s  w ith  th e  

( i l l )  p la n e s  may cause  t h e s e  a n o m a l ie s .
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CHAPTER m

OCCASIONAL MODE OF GRQVilTH IN DIAMOND

I n t r o d u c t i o n .  •

I t  has been e s t a b l i s h e d  by p r e v io u s  workers tha t  by fa r  

th e  g re a t  m a jo r i ty  of octahedron fa c e s  o f  diamond grow by means 

o f  p la n e  sh ee t  growth which l e a d s  to  t r i g o n  form ation  and to  

o p p o s i t e l y  o r i e n t e d  growth pyramids.  In both  t r i g o n s  and t r ia n g 

u la r  growth pyramids th e  edges  are s t r i c t l y  p a r a l l e l  to  th e  th r e e  

edges  o f  the  normally t r i a n g u l a r  fa c e  c o n s t i t u t i n g  th e  ( i l l )  

n a tu r a l  o c ta h e d ra l  fa c e  o f  th e  diamond. I t  i s  shown th a t  in  rare  

i n s t a n c e s  a p l a n e - s h e e t  m6de o f  growth^ o p e ra te s  on th e  o c ta h ed ra l  

f a c e s  o f  diamond which l e a d s  to  th e  form ation  o f  s i x - s i d e d  

growth f e a t u r e s  c o n t a in in g  a l t e r n a t e  a n g le s  of  approximately  

90  ̂ and 150^. It  i s  a l s o  shown th a t  th e  edges o f  t h e s e  are  

e f f e c t i v e l y  p a r a l l e l  to  the  d i r e c t i o n s  < 431>  . Quite a number 

o f  examples have been found of  an o r i e n t e d  growth p a t t e r n  and 

th o s e  o f  p a r t i c u l a r  i n t e r e s t  w i l l  now be d e sc r ib e d  in  d e t a i l .

Three o f  t h e s e  occur on d i f f e r e n t  o c ta h ed r a l  f a c e s  o f  diamond 

and th e  o ther  two on another  two good octahedrons .  In ter ferom etry  

e s t a b l i s h e s  tha t  a l l  th e  f e a t u r e s  are e l e v a t i o n s ,  i . e .  growth  

h i l l o c k s  w ith  t h e i r  h e ig h t s  not exceed ing  1000A°.

O b s e r v a t i o n

Cas e I .
The f i r s t  example i s  remarkable fo r  i t s  approximate
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symmetry and g i v e s  th e  c l u e  to  th e  o t h e r s .  It  appears on .one 

f a c e  o f  a good tra n sp a r e n t  octahedron  from South A fr ic a ,  of  weight  

0"63 ca ra t  and l e n g t h  o f  s i d e  4 mm. and t h i c k n e s s  3 mm. The 

f e a t u r e  i s  q u i t e  sm al l  indeed  and i s  shown i n  f i g u r e  ( 30a) X2000.

I t  c o n s i s t s  o f  a hexagonal  p a t t e r n  and measurement r e v e a l s  that  

th e  a l t e r n a t e  a n g l e s  are  r e s p e c t i v e l y  ap prox im ate ly  some 90° 

and 1 5 0 ° .  The s i d e s  are  a lm o s t ,  but not q u i t e ,  equal in  l e n g t h .

The a n g le s  are d i f f i c u l t  t o  e v a l u a t e  w i th  any p r e c i s i o n  because  

th e  s i d e s  are  not q u i t e  s t r a i g h t .  The a n g le s  can be measured t o

w i t h i n  a l i t t l e  b e t t e r  th a n  i ° . They are r e s p e c t i v e l y ,  in  d e g r e e s ,
«

1 5 0 ,  144* 95» I5O" Their  sura i s  72l i  and th e  e x c e s s  i s

over  a r e c t i l i n e a r  f i g u r e  i s  undoubtedly  due t o  cu rv a tu re  

o f  t h e  s i d e s  and not due t o  f a u l t y  e s t i m a t i o n  of  th e  a n g l e s .

, E s t im a t io n  by f r i n g e s  o f  equal chromatic order f i g u r e

(30b) e s t a b l i s h e s  th a t  t h i s  f e a t u r e  i s  a p la t e a u  s ta n d in g  merely  

some lOOQA® h ig h  above a more e x t e n s i v e  growth pyramid. I t  i s  

c e r t a i n l y  a growth f e a t u r e  f o r  t h e r e  i s  no e v id en ce  fo r  the  

e x i s t e n c e  o f  any e t c h  e f f e c t s  w hatsoever  on t h i s  diamond.

Case I I .

F igu re  ( 31) X 140O shows the  second  example. As b e f o r e ,

i t  i s  a s i x - s i d e d  f i g u r e  e n c l o s i n g  w i t h in  t h e  f a m i l i a r  60 growth

t r i g o n s  and measurement r e v e a l s  that  the  a l t e r n a t e  a n g le s  are  

r e s p e c t i v e l y  a p prox im ate ly  some 90° and 1 5 0 ° ,  but th e  s i d e s  have 

d i f f e r e n t  l e n g t h s  l e a d i n g  t o  some d i s t o r t i o n  o f  shape. The 

a n g l e s  measured in  d eg re e s  a r e .  90 . 153. 9 2 ,  150, 92? .  151-
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The sum of  t h e s e  i s  728^^  ̂ and th e  e x c e s s  ( 8 i o )  over tha t  f o r  a

r e c t i l i n e a r  f i g u r e  i s  undoubted ly  due to  cu rvature  o f  th e  s i d e s  

and not due to  f a u l t y  e s t i m a t i o n  o f  th e  a n g l e s .

Case  I I I .

This example f i g u r e  ( 32) X 600 at f i r s t  seems a most 

i r r e g u l a r  p a t t e r n  but can be c l a s s i f i e d  a lo n g  w ith  th e  two 

p r e v i o u s  o n e s .  The key l i e s  i n  th e  appearance o f  a l t e r n a t e  

a n g l e s ,  approx im at ing  once more t o  some 90 °  and 150° which  

e s t a b l i s h  th a t  t h i s  i s  j u s t  a n o th e r  d i s t o r t e d  example.  The ,
O - o ' « * t>

a n g le s  measured are  8 $ ,  1 5 3 ,  9 3 ,  1 4 9 ,  9 0 ,  I51  w ith  sum 725 ,  and 

t h e  e x c e s s  i s  a t t r i b u t a b l e  t o  c u r v a t u r e s !  Here a g a in  w i t h i n  th e  

hexagon i s  th e  f a m i l i a r  6 0 ^  growth t r i g o n .

I t  i s  notew orthy  th a t  t h e s e  t h r e e  f e a t u r e s ,  each on a 

d i f f e r e n t  f a c e  o f  one c r y s t a l ,  c o v er  a r e l a t i v e l y  i n s i g n i f i c a n t  

f r a c t i o n  of  th e  t o t a l  a r e a .  D e s p i t e  th e  num erica l  d i f f e r e n c e s  

in  a n g l e s ,  t h e s e  f e a t u r e s  are  undoubted ly  s i m i l a r  and are  c l e a r l y  

r e l a t e d .  ^

Case I V .

In  t h i s  example f i g u r e  ( 33) X! 30 , th e  mode o f  growth  

under c o n s i d e r a t i o n  i s  on a much b ig g e r  s c a l e  and dom inates  th e  

whole growth o f  t h e  f a c e .  The s to n e  i s  a c l e a r  octahedron  mined 

i n  South A fr ic a -  There i s  a good d e a l  of  d e v i a t i o n  from t h e  

i d e a l  c a s e  shown i n  f i g u r e  ( 3 0 ) ,  n e v e r t h e l e s s  t h e  r e l a t i o n s h i p  

i s  e v i d e n t .  I t  i s  c l e a r l y  a r e l a t i v e l y  rare  example o f  a 

c r y s t a l  f a c e  which has grown p r im a r i l y  b o th  i n  t h i s  manner as



tS^Sm iSSSM

Fi 9. 31 X 6 0 0



I ;

Fig- 33 X 3 0



t

F i g .  3 4



-  ,93 -

w e l l  a s  by t r i g o n  f o r m a t io n .  The s t r o n g l y  o u t l i n e d  hexagonal  

c e n t r a l  f e a t u r e ,  which seems t o  s t a r t  o f i  w ith  a n g le s  near 90  ̂

and 150 , q u ic k ly  t ra n s fo r m s  i t s  c h a r a c te r  on moving t o  th e  

e d g e s ,  t e n d in g  t o  become a crude 6o° e q u i l a t e r a l  t r i a n g l e .

A s i m i l a r  example i s  shown in  f i g u r e  ( 34) .  X 16,0 

T his  has  a l s o  been ob served  on an oth er  c l e a r  octahedron  mined 

in  South A f r i c a .

D i s c u s s i o n .

The o b serv ed  h exagona l  p a t t e r n s  can be cr y s ta l lo g ra p h y  

i c a l l y  d e s c r ib e d  a s - h a v i n g  t h e i r  growth edges  more or l e s s  

p a r a l l e l  to  th e  d i r e c t i o n s  < 43l >  . The f i r s t  example f o r  i t s

approximate symmetry has g iv e n  t h e  c l u e  to  th e  o t h e r s .  The 

c a l c u l a t e d  a n g le s  f o r  a hexagon i n  t h e s e  d i r e c t i o n s  are  r e s p e c t 

i v e l y  8 7 ° ,  47 and 152^ 13 . The v a l u e s  in  th e  ob served

f i g u r e  are  somewhat s i m i l a r .  Although t h e r e  i s  on ly  a crude  

p a r a l l e l i s m  to  < 431 > th e  main f a c t  i s  t h e  d i f f e r e n t i a t i o n  

from th e  g e n e r a l  mass o f  growth f e a t u r e s  on o c ta h e d r a l  f a c e s ,  

which c o n s i s t  o f  t r i g o n  or pyram idal  growth f e a t u r e s  in  which  

t h e  t h r e e  s i d e s  a r e .  a lmost  i n v a r i a b l y ,  i n c l i n e d  t o  each

o t h e r  at a n g le s  very  near  t o  60^.

The l i n e s  which form t h i s  hexagon c o u ld  a r i s e  from 

i n t e r s e c t i o n  o f  ( i l l )  w ith  any o f  many p la n e s  which in c lu d e  

f o r  example ( 221 ) .  ( 430) .  ( 103) .  ( 014) e t c .  Of t h e s e ,  t h e r e  i s  

much i n  fa v o u r  o f  (2 2 1 )  fo r  th e  f o l l o w i n g  r e a s o n s : -  

I t  i s  t h e  o n l y . s e t  o f  p l a n e s  which can produce s im u lta n eo u s ly
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on each o f  a l l  t h e  ( i l l )  p l a n e s  of  th e  c r y s t a l  both th e  

h ex a g o n a l  p a t t e r n  and e q u i l a t e r a l  t r i a n g l e s ,  as shown in  f i g u r e  

( 3 5 ) t and both p a t t e r n s  appear s im u l ta n e o u s ly  on t h r e e  f a c e s  of  

th e  c r y s t a l .  F u r th e r ,  ( 221) i s  th e  most c l o s e  packed of  a l l  

t h e  p o s s i b l e  forms g i v i n g  t h e  hexagonal  p a t t e r n  and might be fa v 

oured during growth'. Again i t  has been e s t a b l i s h e d  by e tc h in g  

ex p er im en ts  (Omar, Pandya and Tolansky 1954) th a t  th e  most 

im portant  p la n e s  produced by e t c h i n g  ( i l l )  on diamond are  ( 221) .  

This  e v id e n c e  i s  f a r  from d e c i s i v e  but fa v o u r s  ( 221) a l i t t l e .

I t  i s  vm rthw hile  t o  p o in t  out th a t  t h e s e  p a r t i c u l a r  

h ex a g o n a l  growth p a t t e r n s  have not been r e co r d e d  by any o f  the  

o th e r  p r e v io u s  w o rk ers .  A lthough  W il l iam s ( 1932) who had t h e  

o p p o r tu n i ty  o f  i n s p e c t i n g  many thousands  o f  s t o n e s  y e t  he n e v e r ,  

i t  seem s,  n o t i c e d  t h i s  s p e c i a l  mode o f  grow th ,  d e s p i t e  i t s  

appearance in  one o f  h i s  p u b l i s h e d  p h o to g ra p h s .  I t  i s  c e r t a i n l y  

o f  in f r e q u e n t  o c c u r r e n c e .
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CHAPTER  IV

CR?STALLOGRAPHIC SLIP ( ? )  IN DIAMOND.

I n t r o d u c t i o n .

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

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

p a t t e r n s  o f  ’’s l i p  l i n e s ” on t h e  s u r f a c e  o f  t h e  s e p a r a t e  c r y s t a l .

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

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

o b s e r v a b l e  l a y e r s  o f  t h e  c r y s t a l  o v e r  e a c h  o t h e r .  T h i s  p r o c e s s  

h a s  o f t e n  b e e n  l i n k e d  t o  t h e  s l i d i n g  o f  c a r d s  i n  a  p a c k  o v e r  one  

a n o t h e r .  A n a l y s i s  h a s  shown t h a t  s l i p  o c c u r s  more  r e a d i l y  a l o n g  

c e r t a i n  c r y s t a l  p l a n e s  a n d  d i r e c t i o n s  t h a n  a l o n g  o t h e r s .  Many 

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

p l a n e s  d e p e n d  on t h e  c r y s t a l  s t r u c t u r e ,  a n d  i n  some c a s e s  on  t h e  

t e m p e r a t u r e .  H o w e v e r ,  t h e  s l i p  d i r e c t i o n  i s  a l m o s t  t h a t  a l o n g  

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

mo s t  m e t a l s  s l i p p i n g  i s  i n t i a t e d  a t  q u i t e  l o w  s t r e s s e s .  The 

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

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

a l t e r n a t i v e  e x p l a n a t i o n  i s  t h a t  s l i p p i n g  o c c u r s  p r o g r e s s i v e l y  

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

o f  l a t t i c e  i m p e r f e c t i o n s  of* t h e  t y p e  known a s  d i s l o c a t i o n s .

The  i d e a  t h a t  s l i p  o c c u r s  by movement  o f  d i s l o c a t i o n s  

■was f i r s t  i n t r o d u c e d  by  T a y l o r .  O r ow an ,  P o l a n y i  ( 1934) .  a l t h o u g h  

c o n c e p t s  s i m i l a r  t o  t h a t  o f  s l i p  d i s l o c a t i o n s  w e r e  u s e d  e a r l i e r
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by P ran dt l  ( 1 9 2 8 ) .  More r e c e n t l y  some m o d i f ic a t io n s  of the  

th eo ry  weixs d i s c u s s e d  by Frank ( 1949) ,  ( 1951) ,  Barrett  (1 9 5 2 ) .

S e i t z  and Read ( 1952) and Mott ( 1955)- It  has been concluded  

th a t  two a l t e r n a t i v e s  may account fo r  th e  im p e r fe c t io n s  which may ' 

cause  s l i p  in  c r y s t a l s .  The f i r s t  i s  th a t  d i s l o c a t i o n s  are '

a lr ea d y  p resen t  in  the  c r y s t a l ,  i n  which c a s e  the  y i e l d  s tre n g th  

i s  th e  s t r e s s  needed to  move them* th e  second i s  that  cracks  or 

i n t e r c r y s t a l l i n e  boundaries  are presen t  from which s l i p  can be 

s t a r t e d  e a s i l y .  In t h i s  second ca se  th e  y i e l d  s t r e n g th  i s  e i t h e r  

th e  s t r e s s  needed t o  s t a r t  s l i p  at t h e s e  d e f e c t s ,  or to  propagate  

th e  s l i p  away from them a c r o s s  t h e  r e s t  o f  th e  s l i p  p la n e .  In 

both c a s e s  some p a r t s  o f  th e  s l i p  p lane  are  requ ired  to  s l i p  

b e fo r e  o t h e r s ,  so tha t  s l i p  ta k e s  p la c e  by movement o f  d i s l o c a t i o n s .  

Strong ev id en ce  f o r  d i s l o c a t i o n s  in c r y s t a l s  has now been e s t a b 

l i s h e d  by v a r io u s  workers ,  G r i f f i n  (195O), Verma ( l 95f ) #  Dawdson 

and Vand ( 1 9 5 1 ) .  Amelenckx (1 9 5 1 ) ,  ( 1952) .  Forty ( 1952) and many 

o t h e r s .  Also some i n t e r e s t i n g  i n v e s t i g a t i o n s  o f  u n i t  s l i p  l i n e s  

have been observed  by Forty and Frank ( 1953) on s i l v e r  c r y s t a l s ,  

Anderson and Dawson (1953) on n -  n o natr iacontan e  c r y s t a l s  and by 

Verma ( 1955) on p a l m i t i c  a c i d .

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

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

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

s l i p  a n d  w i l l  now b e  d e s c r i b e d .

Des c r i p t i p n  o f  t h e  c r y s t a l •
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The s to n e  on which th e  l i n e a r  d i s c o n t i n u i t i e s  were 

observed  i s  a c l e a r  w e l l  formed c r y s t a l  from South A fr ic a ,  of  

weight 0 .63  c a r a t s ,  l e n g t h  o f  th e  s i d e  or edge 4 mm. and t h i c k 

n e s s  3 mm. w ith  two o f  i t s  co rn ers  m is s in g .

E x p e r i m e n t a l .

The o p t i c a l  t e c h n iq u e s  employed for  th e  study of  th e  

s u r f a c e  topography i s  d e s c r ib e d  i n  Part I I  o f  t h i s  t h e s i s .

A l l  th e  e ig h t  f a c e s  were photographed u s in g  d ir e c t  

m icroscopy w ith  a 33 mm. o b j e c t i v e .  On f i v e  o f  th e  f a c e s  were 

ob served  r e l a t e d  and i n t e r c o n n e c t e d  s t r a i g h t  l i n e s  p a r a l l e l  to  

th e  edges  o f  th e  octahedron  f a c e s .  In order to  o b ta in  a c l e a r e r  

n atu re  o f  t h e s e  m u l t i p l e - l i n e a r  p r o c e s s e s  a model has been con

s t r u c t e d  by e n la r g in g  th e  m icrophotographs o f  th e  f a c e s , a n d  com

b in in g  them in t o  a cardboard model.  A photograph o f  t h i s  model 

i s  shown in  f i g u r e  (36)  and th e  o r i e n t e d  and c o r r e l a t e d  " s l i p ” 

l i n e s  w ith  t h e i r  a s s o c i a t e d  t r i g o n s  can be se e n  c l e a r l y .  Another  

arrangement i s  shown in  f i g u r e  ( 37)* Here th e  diamond i s ,  so to  

sp ea k ,  opened o u t ,  a d ja cen t  adges b e in g  in  c o n t a c t .  One s e e s  now 

how th e  l i n e s  p a s s  r ig h t  through^ th e  diamond s i n c e  "for example 

f a c e s  t h i r d  from t h e  top  and t h i r d  from th e  bottom are  o p p o s i t e .  

I t  i s  s t r i k i n g  th e  way i n  which l i n e s  m eetvterm inate  on one 

a n o th e r .

For the  in t e r f e r o m e t r i c  study th e  c r y s t a l  was c lea n ed  

and a s u i t a b l e  s i l v e r  f i lm  was d e p o s i t e d  on i t  by evap orat ion  

i n  v a cu o .  I t  was then  matched a g a in s t  a c o r r e c t l y  s i l v e r e d
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o p t i c a l  f l a t  and most o b s e r v a t io n s  were c a r r i e d  out in  r e f l e c t i o n .  

O c c a s io n a l ly  h i g l i - d i s p e r s i o n  F izeau  f r i n g e s  w ith  u n f i l t e r e d  

mercury arc were u sed .  The h e i g h t s  o f  the  s t e p s  a long each  

" s l i p ” l i n e  fo r  th e  f i v e  f a c e s  were measured u s in g  f r i n g e s  o f  

equal chrom atic  o rd er .  This  has been done i n t i a l l y  by o b ta in in g  

F ize a u  f r i n g e s ,  and p r o j e c t i n g  t h e  image o f  a l i n e  s e c t i o n  o f  the  

s l i p  l i n e  a c r o s s  th e  sp e c tr o g r a p h  s l i t j ,  measurements o f  s t e p -  

h e i g h t s  were th e n  e i t h e r  made ”in  s i t u ” from th e  sp ec tro g ra p h  

drum, or the  f r i n g e s  t o g e t h e r  w i th  th e  mercury arc spectrum were 

p hotographed ,  and th e  s t e p s  were computed from measurements made 

on th e  p h o to g ra p h ic  p l a t e s .  With th e  former method th e  accuracy  

was about 15 ,̂ but w ith  th e  p ho to g ra p h ic  method t h i s  was improved  

to  l e s s  than 1̂ .̂ The accuracy  c o u ld  not be fu r th e r  improved owing 

to  th e  low d i s p e r s i o n  o f  th e  c o n s ta n t  d e v i a t i o n  sp e c tr o g r a p h .  In 

t h i s  way a p prox im ate ly  400 s t e p s  over 27 l i n e s  on th e  d i f f e r e n t  

f a c e s  o f  t h e  c r y s t a l  were r e a d i l y  e s t im a t e d .  The advantage o f  

th e  f r i n g e s  o f  eq u a l  chrom atic  order may be noted  at t h i s  p o in t  

f o r  by t h e i r  u s e ,  d i s t i n c t i o n  o f  h i l l s  and v a l l e y s  and t r u e  d i r e c t 

ion  o f  s t e p  p a t t e r n  was im m edia te ly  r e c o g n iz e d .  In some c a s e s  

th e  l i g h t - p r o f i l e  was u sed  f o r  th e  measurement o f  l a r g e  s t e p s  as

w i l l  be seen  l a t e r .

The d e t a i l e d  study o f  a l l  the  f a c e s  w i l l  now be

d e s c r ib e d .

Face 1 .
on t h i s  f a c e  th e  " s l ip "  appears as e ig h t  l i n e s  p a r a l l e l
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t o  t h e  e d g e s  o f  t h e  o c t a h e d r o n .  Of t h e s e ,  two l i n e s  w e r e  

i n t e r r u p t e d  by a  g r o o v e  i n  t h e  f a c e  o f  more  t h a n  6 • d e e p  a n d  

f i g u r e  ( 3 8 ) X 30  s h o w s  t h e  m i c r o p h o t o g r a p h  o f  t h e  w h o l e  f a c e .

I n  s p i t e  o f  t h e  e x i s t e n c e  o f  t h i s  g r o o v e  t h e  l i n e s  a r e  o b s e r v e d  

t o  c o n t i n u e  r u n n i n g  r i g h t  t h r o u g h  t h e  g r o w t h  f e a t u r e s  a s  i s  

c l e a r l y  s e e n  i n  t h e  p h a s e  c o n t r a s t  p h o t o m i c r o g r a p h  f i g u r e  (39  )

X 1 0 0 .  The h i g h  m a g n i f i c a t i o n  r e v e a l e d  a  l a r g e  c o n c e n t r a t i o n  o f  

s m a l l  s h a l l o w  t r i g o n s  a l l  p r o b a b l y  l e s s  t h a n  50  àP d e e p .  The  

t o p o g r a p h y  o f  t h i s  r e g i o n  i s  sh o w n  by t h e  h i g h  d i s p e r s i o n  i n t e r -  

f e r o g r a m  o f  f i g u r e  (4 0  ) X 1 0 0 .  I n  t h i s  h i g h  c o n t r a s t  i n t e r 

f e r e n c e  p h o t o m i c r o g r a p h  o n e  s e e s  g r o w t h  t r i g o n s  s i t t i n g  i n  t h e  

d e e p  g r o o v e .

I n  mo s t  c a s e s  t h e  ” s l i p ” l i n e s  a r e  s t r a i g h t ,  b u t

o c c a s i o n a l l y  t h e y  k i n k  s l i g h t l y  a n d  c o n t i n u e  a g a i n  i n  t h e  same

d i r e c t i o n .  A t y p i c a l  e x a m p l e  i s  i l l u s t r a t e d  i n  f i g u r e  ( 4 1 ) ^

X,940  w h e r e  on e  o f  t h e  l i n e s  i s  i n  f a c t  d o u b l e  w i t h  t h e  two  com-
-4

p o n e n t s  s e p a r a t e d  by a  d i s t a n c e  o f  5 x 1 0  cm. The  t r i g o n s  

n e a r  t h e  g r o o v e  a r e  s e e n  t o  b e ^ l e s s  r e g u l a r  t h a n  t h o s e  w h i c h  l i e  

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

o t h e r  " s l i p ” l i n e s  i s  shown i n  f i g u r e  ( 4 2 )  X 1 1 0 .  M e a s u r e m e n t s  

show t h a t  t h e  mos t  s t r o n g l y  o u t l i n e d  t r i g o n s  s i t t i n g  on  t h e  " s l i p ”

l i n e s  a r e  v e r y  d e e p  up t o  a b o u t  5 •

F o r  m e a s u r e m e n t  o f  t h e  h e i g h t s  o f  s t e p s  u s e  was  made

o f  b o t h  F i z e a u  f r i n g e s  a n d  f r i n g e s  o f  e q u a l  c h r o m a t i c  o r d e r .

F i g u r e  ( 4 3 )  X 95  i s  a n  i n t e r f e r o g r a m  f o r  p a r t  o f  a  " s l i p ” l i n e
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a n d  i t  i s  c l e a r l y  s e e n  t h a t  t h e  h e i g h t s  o f  t h e  s t e p s  a l o n g  t h e  

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

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

e q u a l  c h r o m a t i c  o r d e r  a n d  m e a s u r e m e n t s  show th a . t  t h e y  v a r y  f r o m  

one  l i n e  t o  a n o t h e r  a n d  e v e n  on  t h e  same " s l i p "  l i n e .  H o w ev e r ,  

i n  t h e  c a s e  o f  two " s l i p "  l i n e s  c r o s s i n g  t h e  g r o o v e  t h e  h e i g h t s  

o f  t h e  s t e p s  r a n g e  f r o m  1200A°  up  t o  a b o u t  90CA°j  w h i l e  i n  t h e  

c a s e  o f  t h e  o t h e r  s i x  " s l i p "  l i n e s  t h e  c a s e  i s  s i m i l a r  e x c e p t  

t h a t  t h e  h e i g h t s  o f  t h e  s t e p s  a r e  much l e s s .  Thus  i n  on e  l i n e  

t h e  s t e p  i s  a b o u t  lOOOA^ a t  on e  e n d  a n d  b e c o m e s  p r o g r e s s i v e l y  

l e s s ,  down t o  z e r o  a t  t h e  o t h e r  e n d  o f  t h e  l i n e .  On a l l  t h e  

o t h e r  f i v e  l i n e s  t h e  h e i g h t s  o f  t h e  s t e p s  v a r i e d  b e t w e e n  l^OOA^ 

a t  on e  e n d  down t o  a b o u t  600A^ a t  t h e  o t h e r  e n d  o f  t h e  l i n e . An 

e x a m p l e  f o r  o ne  o f  t h e  m e a s u r e d  s t e p s  u s i n g  f r i n g e s  o f  e q u a l  

c h r o m a t i c  o r d e r  i s  shown i n  f i g u r e  ( 4 4 ) X 1 4 0 * The m e a s u r e d  

s t e p  i s  a b o u t  (8 0 0  f  1 0 ) A ^ .

I t  i s  . i m p o r t a n t  t o  n o t e  t h a t  i n  a l l  t h e  s l i p  l i n e s  

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

t r i g o n  p a r a l l e l  t o  t h e  " s l i p "  l i n e .  The  l i g h t - p r o f i l e  was  

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

f i g u r e  ( 4 5 ) X 2 3 0 0  s h o w s  one  o f  t h e  m u l t i p l e  s l i p s  w h e r e  t h e  

s t e p  h e i g h t s  a r e  a b o u t  SOOOA^ a n d  4000 A^ r e s p e c t i v e l y .

F ^ c e  2 ( O p p o s i t e  t o  F a c e  1 . )

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

o f  t h e m  a r e  p a r a l l e l  t o  o ne  e d g e  o f  t h e  f a c e  w h i l e  t h e  f o u r t h
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c u tG  two  o f  t hem a t  a n  a n g l e  o f  6 0 ° .  F i g u r e  ( 4 6 ) X 30 shows 

t h e  p h o t o m i c r o g r a p h  o f  t ne w h o l e  f a c e *  H i g h  m a g n i f i c a t i o n  

r e v e a l e d  t h a t  a l l  t h e  l i n e s  on  t h i s  f a c e  a r e  s i n g l e ,  a n d  t h a t  

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

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

o f  e a c h  l i n e .  A t y p i c a l  e x a m p l e  i s  shown i n  t h e  p h a s e  c o n t r a s t  

p h o t o m i c r o g r a p h  f i g u r e  ( 4 7 ) X 1 1 0 .  I n  t h i s  p h o t o g r a p h  on e  c a n  

a l s o  r e c o g n i z e  t h e  f a i n t  o u t l i n e s  o f  t h e  s m a l l  s h a l l o w  t r i g o n s .

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

t h e  h i g h  d i s p e r s i o n  i n t e r f e r o g r a m  shown i n  f i g u r e  ( 4 8 ) X 1 1 0 .

H e r e  t h e  w e a l t h  o f  c o n t r a s t  show s  t h e  g r e a t  d e p t h s  o f  t h e  rows  o f  

t r i g o n s  a l o n g  t h e  " s l i p "  l i n e s  a n d  a l s o  t h e  g r e a t  h e i g h t s  o f  g r o w t h  

p y r a m i d s  a s  w e l l . Not  o n l y  t h a t  b u t  t h e  v a r i o u s  t i n t s  show t h e  

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

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

j u s t  on  t h e  " s l i p "  l i n e s .  T h i s  i s  e a s i l y  s e e n  i n  f i g u r e  ( 4 9 )

X 6 0 0 .

The  s t u d y  o f  g r o w t h  f e a t u r e s  a l o n g  t h e  " s l i p "  l i n e s  was 

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

i n  f i g u r e  ( 5 0 ) X 9 5 . H e r e  a g a i n  f r o m  t h e  f r i n g e  p a t t e r n  t h e  

t r i g o n s  a l o n g  t h e  " s l i p "  l i n e s  a r e  c l e a r l y  s e e n  t o  be much 

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

d e p t h s  o f  t h e s e  d e e p  t r i g o n s  i s  up t o  a b o u t  4 / ^ *

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

u s e  was  made o f  t h e  f r i n g e s  o f  e q u a l  c h r o m a t i c  o r d e r  a n d  i t  was
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found tLat  t h e  h e i g h t s  of t h e  s t e p s  are not uniform a lo n g  the  

l i n e s ,  but a l l  t h e  l i n e s  gave s i m i l a r  r e s u l t s .  Thus, at one end 

th e  s t e p  i s  about llOOA^ and th e n  d e c r e a s e s  i r r e g u l a r l y  down to  

about 8 ooÂ  and in  a l l  c a s e s  t h e  apex r e g io n  of  the  t r i g o n s  i s  

h i g h e r .  An example o f  one o f  th e  s t e p s  i s  shown in  f i g u r e  (51)

X 240 where t h e  h e i g h t s  o f  th e  s t e p  i s  about 1900A^«

Face 3 .

On t h i s  f a c e  th e  ’’slip»» appears  in  s i x  l i n e s .  Of t h e s e  

t h r e e  a re  p a r a l l e l  t o  one edge o f  t h e  f a c e  and are  c r o s s e d  by 

t h e  t h r e e  o t h e r s  which are  p a r a l l e l  t o  a n o th e r  edge o f  t h e  f a c e .  

The l i n e s  when c r o s s i n g  each  o t h e r  make an a n g le  o f  60° as  i s  

shown th e  p h otom icrograph  o f  t h e  whole f a c e  f i g u r e  (5 2 )  X 30 .

The 4 mm. o b j e c t i v e  r e v e a l e d  t h a t  each o f  t h e  bottom ’’s l i p ” l i n e s  

se en  on th e  f a c e  i s  i n  f a c t  composed o f  two f i n e  l i n e s  s e p a r a te d
"“4by a d i s t a n c e  o f  some 5 x 10 cm. a s  i s  i l l u s t r a t e d  i n . f i g u r e  

( 5 3 )  XldOO. I t  i s  o f  c o n s i d e r a b l e  i n t e r e s t  t o  n o te  th a t  t h e s e  

d ouble  l i n e s  when t r a c e d  were found to  be co n n e c te d  t o  t h o s e

a lr e a d y  m entioned  f o r  Face 1 . A lso  th e  t r i g o n s  s i t t i n g  on th e
/ ' ^

" s l ip "  l i n e s  are  o b se r v e d  t o  be e l o n g a t e d  a s  i f  some d i s tu r b a n c e  

had o cc u r r e d  d u r in g  t h e i r  grow th .  The in te r fe r o g r a m  fo r  th e  top  

r e g i o n  where two " s l ip "  l i n e s  c r o s s  i s  shown in  f i g u r e  ( 54) X 110  

where th e  h e i g h t s  o f  th e  s t e p s  are  o b se r v ed  t o  vary  a lo n g  th e  whole  

l i n e .

AS b e f o r e f  f o r  t h e  a c c u r a te  measurement o f  s t e p  h e i g h t s ,  

u se  was made o f  f r i n g e s  o f  eq u a l  chrom atic  order  and i t  was
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c o n c lu d e d  th a t  most o f  t h e  s t e p s  are  not uniform  a lo n g  each l i n e .  

Thus, i n  t h e  c a s e  o f  t h e  two bottom s e t s  o f  " s l ip "  l i n e s  th e  s t e p s  

are  l a r g e  and u s u a l l y  s t a r t  a t  one end at about 6500A° and then  

d e c r e a s i n g  p r o g r e s s i v e l y  down t o  about 1000A°. In t h e  c a s e  o f  

s h o r t  " s l ip "  l i n e s  t h e  s t e p  at  one end i s  about 1500A° and then  

d e c r e a s e s  i r r e g u l a r l y  down t o  z e r o .  For t h e  r e s t  o f  t h e  " s l ip "  

l i n e s  t h e  v a r i a t i o n s  o f  h e i g h t s  o f  t h e  s t e p s  vary between  about  

lOOOA® and 4000A°. The l i g h t - p r o f i l e  was a l s o  used  f o r  t h e  

measurement o f  th e  l a r g e r  s t e p s  and one example i s  shown in  

f i g u r e  ( 55) X IgOO where t h e  measured v a l u e s  f o r  t h e  upper and 

lo w e r  s t e p s  are  about 6500A° and 3000A° r e s p e c t i v e l y .

Face 4 . (O p p o s i t e  t o  Face 3 ) .

On t h i s  f a c e  t h e  " s l ip "  ap pears  as e i g h t  l i n e s .  Of 

t h e s e ,  f i v e  are p a r a l l e l  t o  one edge o f  th e  f a c e  and are  c r o s s e d  

by t h e  o t h e r  t h r e e  w hich  are  p a r a l l e l  t o  a n o th er  s i d e  o f  th e  

f a c e .  A l l  t h e  " s l ip "  l i n e s  when th e y  meet one a n o th er  make an 

a n g le  o f  60° .  A lso  t h e  " s l ip "  l i n e s  run r i g h t  through  t h e  

t r i g o n s .  F ig u re  (5 6 )  X. J O  shows th e  photom icrograph  o f  th e  

whole f a c e .  The m a j o r i t y  o f  l i n e s  are  o b se r v ed  t o  be d i s 

c o n t in u o u s  and some o f  t h e s e  l i n e s  were r e v e a l e d  under, h igh  

m a g n i f i c a t i o n  to  be m u l t i p l e  l i n e s  w ith  a s e p a r a t io n  o f  about  

5 X 10” ^ cm. T h is  i s  c l e a r l y  s e e n  in  t h e  photomicrograph  

f i g u r e  (5 7 )  X 200 - I t  i s  s t r i k i n g  t o  not.e how th e  t r i g o n s  are  

a r r a n g e d  i n  l i n e a r  groups  a lo n g  th e  " s l ip "  l i n e s .  The 

to p o g ra p h y  o f  t h i s  r e g i o n  i s  w e l l  i l l u s t r a t e d  i n  th e  i n t e r -
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ferogram o f  f i g u r e  (58)  X 240* Here one s e e s  d i f f e r e n c e s  in. 

t i n t  r e v e a l i n g  v er y  s m a l l  v a r i a t i o n s  in  l e v e l  a c r o s s  th e  s u r f a c e ,  

and a l s o  th e  c o n s i d e r a b l e  d ep th s  o f  th e  t r i g o n s  are r e v e a l e d .  

Furthermore,  th e  h e i g h t s  o f  t h e  s t e p s  a lo n g  each l i n e  are v a r i a b l e .  

F igu re  (5 9 )  X 200 i s  an in t e r f e r o g r a m  fo r  one o f  th e  " s l i p ” l i n e s .  

To d e c i d e  th e  d i r e c t i o n s  o f  s t e p s  from t h i s  f r i n g e  p a t t e r n  i s  

d i f f i c u l t  and t h e r e f o r e  u se  was made o f  f r i n g e s  o f  equal  chrom atic  

order  f o r  e s t i m a t i n g  t h e  h e i g h t s  o f  th e  s t e p s  a lo n g  each l i n e .

It  was found t h a t  in  t h e  c a s e  o f  th e  s i x  d i s c o n t in u o u s  l i n e s  t h e  

s t e p  at one end i s  about 1400A^ and th e n  d e c r e a s e s  p r o g r e s s i v e l y  

down t o  zero  a t  t h e  o th e r  end whereas in  th e  c a s e  o f  th e  o th e r  two 

l i n e s  t h e  s t e p  at  pne end i s  about lOOOA  ̂ then  i n c r e a s i n g  up to  

about 4000A°.

The apex r e g io n  o f  th e  t r i g o n s  i s  t h e  h i g h e r ,  as a lw a y s .

Face 5 »

On t h i s  f a c e  th e  " s l i p ” appears  when seen  under low  

power,  as  tŵ o l i n e s  about I . 7  mm. apart  and p a r a l l e l  t o  one edge  

o f  t h e  f a c e  as shown in  th e  photom icrograph o f  th e  whole f a c e  

f i g u r e  (60)  X 30 - However h i g h e r  m a g n i f i c a t i o n  r e v e a l  th a t  th e  

l o n g e r  " s l i p ” at t h e  bottom o f  t h e  f a c e  i s  i n  f a c t  composed o f
mm A

at l e a s t  t h r e e  p a r a l l e l  l i n e s  w i t h  s e p a r a t i o n s  o f  5 % 10“^ cm. 

and 6 x lO” ^ cm. r e s p e c t i v e l y  and probably  a f o u r t h .  T h is  i s  

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

( 6 l )  X 650 . '  Here a g a in  t h e  t r i g o n s  are  arranged  i n  l i n e a r  groups ,  

as i f  anchored t o  the  " s l ip "  l i n e s  at t h e i r  c e n t r e s .  These
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t r i p l e  l i n e s  w hich  are  not s e e n  a lo n g  t h e i r  whole l e n g t h  appear  

t o  have been  p a r t l y  ob scu red  by t h e  l a t e r  s t a g e s  o f  grow th .  A 

t y p i c a l  example i s  shown i n  f i g u r e  ( 62) X 65O. In t h i s  p hoto 

graph one s e e s  t h a t  t h e  m idd le  p o r t i o n  o f  t h e  top  l i n e  i s  v er y

f a i n t  a s  i f  c o v e r e d  up but in  i t s  p l a c e  t h e r e  e x i s t s  a c h a in  o f

s m a l l  s h a l l o w  t r i g o n s  o f  t h e  o rd er  o f  50A  ̂ d e ep .  A lso  s t r i k i n g  

t h e  way i n  which  t h e  t r i g o n s  s i t  w i th  t h e i r  c e n t r e s  j u s t  on t h e  

" s l i p ” l i n e s .  T h is  i s  f u r t h e r  i l l u s t r a t e d  i n  f i g u r e  (6 3 )  X 8 0 0 .

M u lt ip le -b e a m  F iz e a u  f r i n g e s  r e v e a l  th a t  t h e  h e i g h t s  o f

t h e  s t e p s  on each  l i n e  vary  i r r e g u l a r l y .  F ig u r e s  (6 4 )  X 120 and 

(6 5 )  X 120 are  t h e  i n t e r f e r o g r a m s  f o r  p a r t  o f  t h e  s h o r t  and lo n g  

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

f r i n g e s  o f  eq u a l  ch ro m a t ic  o rd er  were u s e d  and th e  r e s u l t s  were  

as f o l l o w s : -

For t h e  s h o r t e r  " s l i p ” t h e  s t e p s  at one end are  about  

2900A^ and th e n  d e c r e a s e  p r o g r e s s i v e l y  down t o  ze r o  at  t h e  o th e r  

end.

For t h e  lo n g  " s l i p ” where t h e  l i n e s  a re  t r i p l e d  t h e  

h e i g h t s  o f  th e  s t e p s  are  not un iform  and vary  on two o f  t h e  l i n e s  

between  about l 800A° and 2200Â  w h i l e  i n  t h e  c a s e  o f  t h e  t h i r d  

l i n e  t h e  h e i g h t s  o f  t h e  s t e p s  a re  much l a r g e r  v a r y i n g  between

about 600CÂ  and 7OOOA .̂

AS on t h e  o t h e r  f o u r  f a c e s  t h e  apex r e g i o n s  o f  t h e

t r i g o n s  are  a lw ays  t h e  h i g h e r .

F aces  ( 6 ) .  ( 7 ) ,  ( 8 ) .
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No c l e a r  t r a c e s  o f  ’’s l i p ” l i n e s  co u ld  be observed  on 

t h e s e  f a c e s .  F ig u r e s  (6 6 )  X (67 )  X 30 , (6 8 )  X 30 show th e  

photom icrograph o f  f a c e s  6 ,  7 ,  8 r e s p e c t i v e l y .  I t  i s  most i n t e r e s t -  

in g  t o  n o te  th a t  a l l  t h e s e  f a c e s  e x h i b i t  an enormous number o f  

sm a l l  s h a l lo w  t r i g o n s  and i n t e r f e r o m e t r i c  s tudy r e v e a le d  th a t  in  

most c a s e s  t h e i r  depths i s  l e s s  than  50A°.

F ig u re  (6 6 )  shows t h e  f a m i l i a r  c h a r a c t e r i s t i c  r e p o r te d  

so o f t e n  by Tolansky o f  a l i n e a r  p r o j e c t i o n  l i n e a r  d i s l o c a t i o n ? )  

at th e  b a se  of  some t r i g o n s .

A c o n s t r u c t i o n  s i m i l a r  to  tha t  o f  f i g u r e  ( 37) was made 

by t r a c i n g  th e  ’’s l i p ” l i n e s  ( 2J  in  a l l )  and measuring th e  h e i g h t s  

o f  more than 4OO i n d i v i d u a l  s t e p s .  This i s  show n-in  f i g u r e  (69)® 

where t h e  s t e p - h e i g h t s  are  e x p r e s s e d  in  Angstrom u n i t s ,  and the  

d i r e c t i o n  o f  th e  s t e p s  are  a l s o  i n d i c a t e d .  On th e  f a c e s  3 , 1 # 6 

m u l t i p l e  l i n e s  w i t h  l a r g e  s t e p  h e i g h t s  o f  t h e  order o f  7000A^ are  

found t o  e x i s t -

Table ( l )  shows t h e  r e l a t i o n s  e x i s t i n g  between th e  

v a r i a t i o n  o f  s t e p  h e i g h t s  t o g e t h e r  w ith  t h e i r  d i r e c t i o n s  when 

t r a c e d  on c o n s e c u t i v e  f a c e s  o f  th e  c r y s t a l  as  shown i n  f i g u r e  (69  

The index  o f  t h e  l e t t e r s  d en o te s  th e  number o f  f a c e  as

d e s c r ib e d  b e f o r e ) -
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Table 1

’’s l i p ” l i n e  
(a )

^4, . ^5 &2 ^3
+ en 4"

1000A° -  
3000A°

+
290CA°

0
llOOA® -  1 
3200A° 1

4*

3300A° _  
3000A°

’’s l i p ” l i n e  
(b)

b l " X  ^

lyooA^ -  
7000A°

6^00A° -  
6300A°

ésîOA? ■»
7$OOA°

’’ s l i p ” l i n e  
( c )

°1
+ -
~ 0 

0 -  ICOOA
4-

1200A -  
1500A°

’’s l i p ” l i n e  
(d) " l  1 "a

+

1500A° -  
lOOOA

+
1200A° -  

0
’’s l i p ” l i n e  

( e ) ®1 ®4+ ' -

1500A° -  
500A°

" s l i p ” l i n e
( f )

^2
- +

1400A° -  
900A°

1000A° -  
700A°

’’s l i p ” l i n e
i g )

&2
- + 1
+

900A° -  
1700A°

i 800A° -  
700A°

The r e s u l t s  in  t h i s  t a b l e  show th a t  in most c a s e s  the  va lue  o f
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s t e p - h e i g h t s  a t  t h e  t e r m i n a t i o n  o f  e a c h  l i n e  when t r a c e d ,  on 

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

F i g u r e  ( 7 0 ) shows  t h a t  t h e  p l a n e s  w h i c h  c o n t a i n  t h e  

" B l i p ” l i n e s  when t r a c e d  on c o n s e c u t i v e  f a c e s  a r e  t h e  ( i l l )

p l a n e s  ( t h e  s h a d e d  p l a n e  i n  t h e  f i g u r e ) .

Summary o f  E x p e r i m e n t a l  R e s u l t s .

A n u m b er  o f  g e n e r a l  c o n c l u s i o n s  may now be d r awn  f ro m 

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

m a i n  c o n c l u s i o n s  a r e  a s  f o l l o w s : -

1 .  A l l  " s l i p ” l i n e s  a r e  p a r a l l e l  t o  t h e  e d g e s  o f  t h e

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

<(110^  a n d  t h e  s l i p  p l a n e s  a r e  f o u n d  t o  be  t h e  

( i l l )  p l a n e s .

2 .  L i n e a r  g r o u p s  o f  t r i g o n s  s i t  w i t h  t h e i r  c e n t r e s  

e x a c t l y  on  t h e  " s l i p "  l i n e s .

3 . Most  o f  t h e  t r i g o n s  a l o n g  t h e  " s l i p "  l i n e s  a r e  

c o m p a r a t i v e l y  " d e e p "  b e i n g  up t o  a b o u t  4 i n  d e p t h

4 . A l l  t h e  f a c e s  o f  t h e  c r y s t a l  e x h i b i t  a n  en o rmous

nu m b er  o f  s h a l l o w  t r i g o n s  o f  d e p t h s  o f  t h e  o r d e r  o f  
0

5OA .
5 . The  l i n e s  a r e  d i s c o n t i n u o u s  s t e p s  a n d  on w h i c h e v e r  

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

t o  t h e  b a s e  o f  t h e  t r i g o n s ,  p a r a l l e l  t o  t h e  " s l i p "  

l i n e .

6 . I n  some r e g i o n s  t h e r e  a r e  m u l t i p l e  l i n e s ,  w h i c h

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

s h a l l o w  t r i g o n e .

7* The  h e i g h t  o f  t h e  s t e p  v a r i e s  a l o n g  t h e  l e n g t h  o f  

a ny  g i v e n  l i n e .

8 .  The  h e i g h t s  o f  t h e  s t e p s , v a r y  f r o m  l i n e  t o  l i n e .

9 . The s p a c i n g  i n  t h e  c a s e  o f  m u l t i p l e  l i n e s  i s  u s u a l l y
- 4

o f  t h e  o r d e r  o f  5 x 10  cm.

D i s c u s s i o n .

. The f o l l o w i n g  a l t e r n a t i v e  t h r e e  p o s s i b l e  e x p l a n a t i o n s  

w i l l  now be  d i s c u s s e d .

( a )  A f o r m  o f  t w i n n i n g .

( b )  E t c h i n g .

( c )  S l i p .

I f  t h e  m e c h a n i s m  w e r e  due  t o  t w i n n i n g  one  m i g h t  

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

common m a c l e s :  i . e .  t h e  common t w i n  t y p e  i n  d i a m o n d .  I t  f o l l o w s  

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

a p p e a r  a s  shown i n  f i g u r e  ( 7 1 ) '  One s e e s  f r o m  t h i s  p h o t o 

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

f o r m s  on  t h e  t w i n n i n g  p l a n e  o f  one  h a l f  o f  t h e  c r y s t a l  a n o t h e r "  

g r o w t h  t r i g o n  o f  e x a c t l y  t h e  same s i z e  a p p e a r s  on t h e  o t h e r  h a l f  

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

c o n s i d e r a t i o n  do n o t  show t h i s  c h a r a c t e r i s t i c  o f  t w i n  c r y s t a l s .

I f  t h e  m e c h a n i s m  w e r e  due  t o  e t c h i n g  we w o u l d  e x p e c t  

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

t h e i r  s i o . e s  s h o u l d  be p a r a l l e l  t o  t h e  e d g e s  o f  t h e  f a c e s  o f  

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

a s  i l l u s t r a t e d  i n  f i g u r e  ( 7 2 ) .

(Omar ,  P a n d y a  a n d  T o l a n s k y  1 9 5 4 ) .

We a r e  c o n s i d e r i n g  t h e n  a  good  c l e a r  o c t a h e d r o n  

e x h i b i t i n g  l i n e a r  d i s c o n t i n u i t i e s ,  w i t h  no e v i d e n c e  f o r  e i t h e r  

t w i n n i n g  o r  e t c h i n g .  I t  i s  t h e r e f o r e  r e a s o n a b l e  t o  i n t e r p r e t  

t h e s e  l i n e a r  d i s c o n t i n u i t i e s  a s  b e i n g  due  t o  c r y s t a l l o g r a p h i c  

s l i p .  T h e r e  i s  much i n  f a v o u r  o f  t h i s  v i e w .  F i r s t ,  t h e  l i n e a r  

g r o u p s  o f  t r i g o n s  w i t h  t h e i r  c e n t r e s  j u s t  on t h e  ’’s l i p ” l i n e s .  

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

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

s h a l l o w  t r i g o n s  a r e  p r e s e n t .  T h i s  s u g g e s t s  t h a t  ’’s l i p ” must  

h a v e  o c c u r r e d  b e f o r e  t h e  f i n a l  g r o w t h  o f  t h e  d i a m on d  was c o m p l e t d  

T h i r d ,  a l m o s t  a l l  t h e  f a c e s  o f  t h e  c r y s t a l  e x h i b i t  an  eno rm ou s  

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

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

o f  t r i g o n s  s i t t i n g  on t h e  s t r a i g h t  l i n e s  a r e  v e r y  deep^ up ( t o  

a b o u t  4 / ^ )  a n d  h a v e  s t r i c t l y  s t r a i g h t  e d g e s .  Grow th  s h e e t s  a r e  

o b s e r v e d  t o  be  b l o c k e d  on m e e t i n g  t h e  ’’s l i p ” l i n e s ,  ( f i g u r e  47)  

a s  i f  a t  some l a t e r  t i m e  g r o w t h  must  h a v e  r e - e s t a b l i s h e d  i t s e l f  

so  t h a t  g r o w t h  t r i g o n s  we re  f o r m e d  by f i l l i n g - i n  p r o c e s s e s ,  

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

f i t  i n  b o t h  w i t h  t h e  l i n e a r  d i s t r i b u t i o n  a n d  w i t h  t h e  e x i s t e n c e  

o f  t h e  h i g h  r e g i o n s  on t h e  a p e x  s i d e  o f  t h e  l i n e s .  The s e c o n d
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s t a g e  o f  growth s u g g e s t s  th a t  th e  o r i g i n a l  " s l ip "  occurred  

under tem perature  and p r e s s u r e  c o n d i t i o n s  not very  d i f f e r e n t  

from t h o s e  r e q u ir e d  f o r  grow th.

As t o  th e  o r i g i n a l  amount of  s l i p  noth ing  can be known 

as i t  sh o u ld  be r e a l i z e d  th a t  th e  observed  s t e p - h e i g h t s  at th e  

l i n e s ,  a f t e r  t h e  new growth need bear no r e l a t i o n  w hatsoever  to  

t h e  o r i g i n a l  h e ig h t  o f  th e  " s l ip "  s t e p .  Indeed th e  l a t t e r  may 

even have been o f  l a t t i c e  d im e n s io n s .  I t  i s  t h e r e f o r e  not in  th e  

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

s h o u ld  appear on th e  f i n a l  c r y s t a l .  This  i s  p r e c i s e l y  what 

would be e x p e c te d .

As t o  th e  i r r e g u l a r i t i e s  o f  t r i g o n s  in  some r e g io n s  

t h i s  may a l s o  s u g g e s t  th a t  t h e y  are  due t o  l o c a l  d i s t o r t i o n s  

i n  t h e  l a t t i c e  cau sed  by th e  " s l i p " .

Now l e t  us c o n s id e r  th e  p o s s i b i l i t i e s  which may have  

ca u sed  " s l ip "  t o  o cc u r .  There may be d i s l o c a t i o n s  a lr e a d y  in  

t h e  c r y s t a l  ( th e o r y  o f  Mott and Nabarro I S 4 Ô ) , or a l t e r n a t i v e l y  

t h e s e  may be im p e r f e c t i o n s  o f  o th e r  k inds which may be c r e a t e d  

under s t r e s s e s  ( t h e o r i e s  o f  Kochendorfer  ( 1 9 3 8 ) .  ( 1 9 4 I )  =ind 

Laurent ( 1 9 4 5 ) ) .  However, s t r o n g  e v id e n c e  i s  in  favour  o f  th e  

d i s l o c a t i o n  th e o r y  by t h e  s t u d i e s  o f  c r y s t a l  growth as  d e s c r ib e d  

p r e v i o u s l y .  T h e r e f o r e ,  we s h a l l  assume th e  s o u r c e s  o f  s l i p  are  

d i s l o c a t i o n s .  The d i f f i c u l t y  p r e v i o u s l y  w i th  t h i s  v iew  has  

been t h a t  th e  fo r m a t io n  o f  l a r g e  s l i p  bands im p l i e s  th a t  each  

a c t i v e  sou rce  s u p p l i e s  many d i s l o c a t i o n s ,  and i t  was not c l e a r
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how t h i s  co u ld  happen when th e  s o u r c es  are s i n g l e  d i s l o c a t i o n s .  

This d i f f i c u l t y  has now been overcome w ith  th e  r e a l i z a t i o n  o f  

Frank and Read ( 1950) th a t  v i r t u a l l y  u n l i m i t e d  amounts o f  s l i p  can  

be produced by t h e  r e p e a te d  r o t a t i o n  o f  a s i n g l e  d i s l o c a t i o n  l i n e  

about i t s  p o i n t s  o f  em ergence.  Frank (1950)  has s u g g e s t e d  that  

most s t a b l e  c o n f i g u r a t i o n s  are  th o s e  i n  which th e  d i s l o c a t i o n  

l i n e s  are  l i n k e d  t o g e t h e r  i n  a t h r e e - d im e n s io n a l  net  work, r a th e r  

l i k e  th a t  formed i n  a foam by th e  l i n e s  where t h r e e  bub b les  meet.  

Also H e id e n r e ic h  and S h o ck le y  (1948)  have p o in t e d  out th a t  the  

p r e s e n c e  o f  d i s l o c a t i o n s  sh o u ld  cause  a c r y s t a l  to  behave as i f  

i t  c o n s i s t e d  o f  in d e p e n d e n t ly  r e f l e c t i n g  b l o c k s .  According to  

t h i s  v iew  Gay, H irsch  and K e l l y  ( 1953) c a l c u l a t e d  th e  d e n s i t y  

and d i s t r i b u t i o n  of  d i s l o c a t i o n s  in  unworked c r y s t a l s  and found  

th a t  i f  at l e a s t  one d i s l o c a t i o n  i s  needed t o  d e f in e  a b lo c k ,  

th e  b lo c k  s i z e  cannot be s m a l l e r  than ( P  where p  i s  th e  

d e n s i t y  o f  d i s l o c a t i o n .  They a l s o  p o i n t e d  out th a t  i f  th e  

c r y s t a l  c o n t a i n s  a network o f  d i s l o c a t i o n  l i n e s  as  s u g g e s t e d  by

Frank, th e  c h a r a c t e r i s t i c  s p a c in g  o f  th e  l i n e s  would be about
« 4  8 —2 

10 cm. and in  t h i s  c a s e  th e  v a lu e  f o r  p  would be 10 cm.

At t h i s  s t a g e  i t  i s  o f  i n t e r e s t  t o  n o te  th a t  th e

o b ser v e d  s p a c in g  between  t h e  m u l t i p l e —l i n e s  on th e  f a c e s  o f  th e

c r y s t a l  i s  o f  th e  order o f  about 5 X lO” ^ cm. which might favour

t h e  concept  o f  s l i p  a l i t t l e .

F i n a l l y ,  i t  i s  w o r th w h i le  p o i n t i n g  out th a t  some o th er  

l i n e s  having  s i m i l a r  s l i p  l i n e  c h a r a c te r  have been observed  by
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e a r l i e r  w o r k e r s ,  S u t t o n  (1 9 2 8 )  and W i l l i a m s  (1932)  but  no 

a t t e m p t s  h a ve  b e e n  made t o  e x p l a i n  t h e  p h en om en a .  More r e c e n t l y  

T o l a n s k y  and Omar (1953)  h a v e  d e s c r ib e d  a c a s e  o f  p o s s i b l e  s l i p  

on o p p o s i t e  o c t a h e d r o n  f a c e s  o f  a t w i n n e d  d iam ond.  A l s o  s h o r t l y  

a f t e r w a r d s  S e a l e  and Menter ( 1953) r e p o r te d  t h e  o b s e r v a t i o n  o f  a 

s l i p  l i n e  c h a r a c t e r  on p o l i s h e d  diamonds and s u g g e s t e d  t h a t  t h e s e  

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

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

H o w e v e r ,  i n  t h e  work d e s c r i b e d  a b o v e  i t  i s  s e e n  t h a t ,  

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

i s  o f  p a r t i c u l a r  r a r i t y  and i n t e r e s t * .  F or  s l i p  t o  o c c u r  i n  

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

c o m b i n a t i o n s  a r e  n e e d e d  a s  t o  make t h i s  o c c u r r e n c e  u n u s u a l .  In  

a d d i t i o n  f o r  s l i p  t o  be f o l l o w e d  by f u r t h e r  g r o w t h  makes t h e  

e v e n t  e v e n  more r a r e .
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CHAPTER I 

THE MICROSTRUOTURE OF THE DODECHEDRAL

( 110 ) FACES.

INTRODUCTION.

Although t h e  most common form o f  diamond i s  th e  

o c ta h e d ro n ,  r a r e l y  however,  dodecëaedra o c c u r .  A rhombic 

d o d e ca h ed ra l  c r y s t a l  i s  u s u a l l y  bounded by tw e lv e  f a c e s ,  each o f  

which meets two o f  th e  a x es  at  equal  d i s t a n c e s  and i s  p a r a l l e l  

to  th e  t h i r d  a x i s .  Each f a c e  i s  a .rhomb w ith  p la n e  a n g le s  o f  

70°2 and 109° i  and hag t h e  g e n e r a l  symbol ( l l O ) .  The f a c e s  o f  t h e  

dodecahedron are  p a r a l l e l  t o  th e  s i x  a u x i l i a r y ,  or d ia g o n a l  p la n e s  

o f  symmetry. A p e r f e c t l y  shaped dodecahedron i s  very  r a r e .

Su t to n  .(1928) c o n s id e r e d  t h a t  t h e  dodecahedron f i g u r e  can be 

c r e a t e d  i f  we im agine t h a t  th e  rounded edges  and corners  o f  th e  

octah ed ron  are  more and more d ev e lo p e d  u n t i l  i t s  f a c e s  become 

s m a l l e r  and s m a l l e r ,  and f i n a l l y  d i s a p p e a r .  But th e  b e s t  way to  

v i s u a l i z e  a dodecahedron ,  i s  t o  imagine t r ia n g u la r . ,  p l a t  e s  o f  

d im in i s h in g  s i z e  "deposited"  on a l l  th e  e ig h t  f a c e s  o f  t h e  

o c ta h ed r o n .  The f a c e s  o f  t h e  dodecahedron are  u s u a l l y  l i n e d  w ith  

s t r i a t i o n s  running p a r a l l e l  t o  th e  l o n g e r  d ia g o n a l  o f  th e  rhombs. 

I t  i s  c o n c e i v a b l e  th a t  th e  edges  o f  th e  d im in is h in g  t r i a n g u l a r  

p l a t e s  need  not e x a c t l y  f i t  t o  g i v e  p la n e  new f a c e s .  Curvature  

would th e n  be th e  r u le  i n  such  a p r o c e s s ,  and whether t h e  new 

f a c e s  turn  out to  be convex or concave would depend on t h e
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t h i c k n e s s  o f  t h e s e  l a y e r s ,  and how c l o s e l y  t h e y  app roa ch  each  

o t h e r .  G e n e r a l l y  t h e  f a c e s  t u r n  out t o  be s l i g h t l y  c o n v e x .  liYhen 

t h e  c o n v e x i t y  i s  n o t i c e a b l e  t h e y  a r e  c a l l e d  "rounded d o d e c a h e d r a " .

In g e n e r a l ,  t h e  d o d e c a h e d r a l  s u r f a c e s  a r e  e i t h e r  s t r i a t e d ,  or  

e x h i b i t  a  p a t c h y ,  f l a k y  a p p e a r a n c e . No d e t a i l e d  s t u d y  o f  t h e  

f f l ic ro to p o g ra p h y  o f  any d o d e c a h e d r a l  f a c e s  h as  y e t  b e e n  e s t a b l i s h e d  

i n  t h e  w h o le  l i t e r a t u r e  o f  diamond by any o f  t h e  p r e v i o u s  w o r k e r s .

Fersmann and G o ld s c h m id t  (1 9 1 I )  i l l u s t r a t e  d o d e c a h e d r a l  

s t r i a t i o n s  by means o f  rough  d r a w i n g s .  They b e l i e v e  t h a t  

p r a c t i c a l l y  e v e r y  diamond h a s  a t  some t i m e  o f  i t s  h i s t o r y  s u f f e r e d  

s o l u t i o n .  In  o t h e r  w o r d s ,  v e r y  fe w  d iam onds a r e  fo un d  w h ich  

C o n t in u e  t o  grow from s t a r t  t o  f i n i s h  w i t h o u t  some i n t e r r u p t i o n ,  

d u r i n g  w h ic h  t h e  d iam onds w ere  p a r t i a l l y  or  w h o l l y  d i s s o l v e d .  

G e n e r a l l y  s p e a k i n g  t h e y  c o n t e n d  t h a t  d iam onds e x h i b i t i n g  b e n t  or  

u n e v e n  p l a n e s  owe t h e s e  c h a r a c t e r i s t i c s  t o  t h e  a c t i o n  o f  s o l u t i o n ,  

w h i l e  sh a rp  e d g e d  c r y s t a l s  r e p r e s e n t  a g r o w th  s t r u c t u r e .  A l s o  ,

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

and s i n c e  t h e  s t r i a t i o n s  on t h e  d o d e c a h e d r a l  f a c e s  a r e  u s u a l l y  

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

h y p o t h e s i s .  Thus t h e y  c o n c l u d e d  t h a t  d o d e c a h e d r a l  s t r i a  emerge  

a s  a c o n s e q u e n c e  o f  t h e  f l o w  o f  s o l u t i o n  c u r r e n t s  down t h e  

o c t a h e d r a l  e d g e s .  A l l  t h e i r  c o n c l u s i o n s  have  been form ed from  

i n t e r p r e t a t i o n s  o f  r e a d i n g s  w i t h  t h e  g o n i o m e t e r .  They c o n j e c t u r e  

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

p o i n t s  and s t r a i g h t  l i n e s ,  w h i l e  d i s s o l u t i o n  s t r u c t u r e s  a r e  bent
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l i n e s .  The w h o le  o f  t h i s  i n t e r p r e t a t i o n  t h e r e f o r e  t u r n s  on 

w h e t h e r  bent  l i n e s  do i n d i c a t e  d i s s o l v i n g  a c t i o n  and s t r a i g h t  

l i n e s  g r o w t h .  They c l a i m  t h a t ,  w i t h  but few  e x c e p t i o n s ,  t h e  

t h e  rhom bic  d o d e c a h e d r o n  form o f  t h e  diamond i s  p r o d u c e d  by 

s o l u t i o n .  They a c t u a l l y  do not  p l a c e  t h e  rhombic  d o d ec a h e d r o n  

a s  a c r y s t a l  o f  a commencing fo rm ,  but  t h e y  s a y  t h a t  i t  can be  

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

r e t a r d i n g  s t r u c t u r e  o f  sh a rp  e d g e d  t r i a n g u l a r  p l a t e s  on t h e  f a c e s  

o f  t h e  o c t a h e d r o n .  Fersmann and G o ld sc h m id t  g i v e  v e r y  few  

e x a m p le s  o f  a s h a r p - e d g e d  rhom bic  d o d e c a h e d r o n ,  a s  t h e y  c o n s i d e r  

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

i o n .  They do show t h r e e  d r a w in g s  w h ic h  t h e y  c l a i m  t o  be  o c t a h e d r a  

c h a n g i n g  o v e r  t o  rhom bic  d o d e c a h e d r a  w h ic h  t h e y  c o n t e n d  h a v e  

b een  p r o d u c e d  by a p r o c e s s  o f  s o l u t i o n .

Van der Veen ( 1913) c o n s id e r e d  th a t  th e  dodecahedron  

i s  a s e p a r a te  form appearing  in  combination w ith  octahedra  and 

c u b e s .  I t s  s u r f a c e s  are  only  f l a t  by way o f  e x c e p t io n ,  being  

m ostly  concave or convex ,  and in  a d d i t io n  o f t e n  sep a r a ted  in to  

two t r i a n g u l a r  compartments a long  the  s h o r t e r  d ia g o n a l -

S u t t o n  (1928) s t a t e d  t h a t  d o d e c a h e d r o i d  f a c e s  w h ic h  

a r e  g e n e r a l l y  rhomb sh a p e d  a r e  l i n e d  w i t h  s t r i a t i o n s  r u n n in g  

p a r a l l e l  t o  t h e  l a r g e r  d i a g o n a l s  o f  t h e  rhombs.  Such v a r i a t i o n  

i n  a s p e c t  a s  t h e r e  i s  i n  t h e s e  s t r i a t i o n s  d e p e n d s  m a in ly  on t h e  

p a r t i c u l a r  mine from w h ic h  t h e  c r y s t a l  cam e.  Thus t h e  s t r i a t i o n s  

on t h e  B u l f o n t e i n  c r y s t a l s  a r e  c l o s e  and somewhat r o u g h ,  a s  v- . ,
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as though s c r a tc h e d  v/ith a f i n e  n e e d le .  Those on y e l lo w  c r y s t a l s  

from Duto i t s p a n  are b o ld er  and smoother.  De beers  c r y s t a l  

s t r i a t i o n s  ten d  to  g e n t l e  r i p p l i n g ,  imparting a kind o f  s a t in y  

sheen  to  the  s u r f a c e .  Some o th e r  c r y s t a l s  e x h i b i t  a p a t c h y , 

f l a k y  appearance .  In a d d i t i o n  t o  drawings,  s i x  low—powder m icro-  

photographs ( m a g n i f i c a t i o n s  20 X and 30 X) were g iv e n  by S u tton .  

Three f a c e s  show s t r i a t i o n s  and th r e e  a f l a k e d  s u r fa c e  p a t t e r n .

No d e t a i l e d  study was made.

W il l iam s ( 1932) has e s t a b l i s h e d  in  h i s  comprehensive  

book on diamond th a t  sh arp -edged  rhombic dodecahedron approach

ing th e  g e o m e t r i c a l l y  p e r f e c t  c r y s t a l  are e x c e p t i o n a l l y  r a r e ,  

much more so than  th e  p e r f e c t  sharp edged octahedron .  He a l s o  

d e s c r ib e d  c a s e s  o f  th e  octahedron  changing over to  a rhom bic  

dodecahedron by th e  b u i l d i n g  up o f  s t r a i g h t - e d g e d  superimposed  

growth p l a t e s ,  and a l s o  the  same change due to  th e  b u i l d i n g  up o f  

s h i e l d - l i k e  p l a t e s  w i th  s t r a i g h t  and curved  ed g es .  Both s t r u c t u r e s  

would produce a c r y s t a l  o f  a rhombic dodecahedra l  c h a r a c t e r .  

W ill iam s a l s o  i l l u s t r a t e s  w i th  s i x  micrographs o f  dodecahedroid  

f a c e s  ( a t  m a g n i f i c a t i o n s  o f  XllO and XI40) two o f  which show 

s t r i a t i o n s  and th e  remainder th e  f l a k y  p a t t e r n .  L i t t l e  comment

was ma.de on th e  s t r u c t u r e s .

The diamonds to  be d e s c r ib e d  here are f i v e  dodecahedral

c r y s t a l s  from South A f i i c a  s e l e c t e d  from l a r g e  s t o c k s .  A l l

f i v e  are  tra n sp a ren t  w i th  s l i g h t l y  convex s u r f a c e s .  Two of

t h e s e  are  sm all  o f  w eight  O.25.  0.35  c a r a t s  w h i le  t h e  o ther  th r e e
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axe o f  w eigh t  0 . 6 4 2 ,  0 -7 0  and 0 -7 5  c a r a t s  r e s p e c t i v e l y .

The mines o f  o r i g i n  are  not known. A l l  e x h i b i t  s u r f a c e s  good  

enough to  t o l e r a t e  exam in at ion  by i n t e r f e r o m e t r i c  methods.

I t  w i l l  be shown how th e  d e t a i l e d  study o f  a number 

o f  f a c e s  on t h e s e  c r y s t a l s  have r e v e a le d  some new to p o g r a p h ic a l  

f e a t u r e s  o f  c o n s i d e r a b l e  i n t e r e s t -
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CHAPTER __ 11

Experim enta l .

The m ic r o s t r u c t u r e s  o f  t h e  dodecahedra l  f a c e s  were 

s t u d i e d  u s in g

( a )  h igh-pow er  o p t i c a l  m icr o sco p y .

(b )  m ult ip le-bearn  F izeau  f r i n g e s .

( c )  f r i n g e s  o f  equa l  chrom atic  o rd er .

( d) t h e  l i g h t  p r o f i l e  m icroscope*

For t h e  i n t e r f e r o m e t r i c  s tud y  th e  u s u a l  method f o r  

prod u c in g  t h e  f r i n g e s  i s  by matching th e  s i l v e r e d  c r y s t a l  a g a in s t  

a s i l v e r e d  o p t i c a l  f l a t . In most c a s e s  m u l t i - l a y e r  f i l m s  o f  z in c  

s u lp h id e  and c r y o l i t e  were employed. Both th e  o p t i c a l  f l a t  and 

th e  diamond s u r f a c e  were c o a t e d  w ith  t h e  c o r r e c t  number o f  l a y e r s  

and o b s e r v a t io n s  were c a r r i e d  out in  r e f l e c t i o n .  Some o f  t h e  

o b s e r v a t i o n s  were r e p e a te d  w i th  s i l v e r  f i l m s  o f  r e f l e c t i v i t y  

e x c e e d in g  0 -9 0 -

For th e  m i c r o - i n t e r f e r o m e t r i c  s tud y  o f  th e  s u r f a c e s  an 

improved m u lt ip le -b e a m  i n t e r f e r e n c e  t e c h n iq u e  has been d ev e lo p ed  

fo r  t h i s  p u r p o se ,  whereby i t  has been p o s s i b l e  to  o b t a in  p r e c i s i o n  

m u lt ip le -b e a m  f r i n g e s  w i th  h ig h  l a t e r a l  m ic r o sc o p ic  r e s o l u t i o n  

( f u l l  d e t a i l s  o f  th e  method has a lr e a d y  been  d e s c r ib e d  i n  Part  

II  o f  t h i s  t h e s i s ) .  Indeed  f u l l  use  has been made o f  th e  r e s o l v i n g  

power o f  a 3 mm. dry l e n s  o b j e c t i v e  N-A. 0.95  w i th  a c o r r e c t i n g  

C o l l a r  f o r  a c o v e r  g l a s s  t h i c k n e s s . The diamond s u r f a c e  was
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c o a t e d  v/ith m u l t i l a y e r  f i l m  and f r i n g e s  were produced by u s in g  

as a matching f l a t  a m icro sco p e  co v er  g l a s s  o f  t h i c k n e s s  0-020 

cm. F r in g e s  o f  h ig h  d e f i n i t i o n  were o b ta in e d  at m a g n i f i c a t i o n  o f  

X 1 5 0 0 .  This  t e c h n iq u e  has been v a lu a b l e  f o r  th e  measurement o f  

c u r v a t u r e ,  s u r f a c e  i r r e g u l a r i t i e s  e t c .

In most c a s e s  c o n f ir m a t io n  has been made by u s in g  

f r i n g e s  o f  equal  chrom atic  o r d e r .  For s u r f a c e s  which are to o  

c o a r s e  fo r  th e  i n t e r f e r o m e t r i c  study  th e  l i g h t  p r o f i l e  was 

employed.

Although a l l  t h e  f a c e s  on each c r y s t a l  have been  s t u d ie d  

i n  d e t a i l  on ly  a few o f  s p e c i a l  i n t e r e s t  are  d e s c r ib e d  h e r e . Of 

t h e  f a c e s  s t u d i e d  some are  s t r i a t e d  and some e x h i b i t  th e  so c a l l e d  

f l a k y  ap pearance .  In two r a r e  c a s e s  p a t t e r n s  o f  a network  

s t r u c t u r e  have been ob serv ed  on one c r y s t a l .  On an oth er  p a t t e r n s  

o f  p a r a l l e l o g r a m s ,  c r y s t a l l o g r a p h i c a l l y  o r i e n t a t e d  have been found.

S in ce  t h e  s t r i a t e d  f a c e s  are  u s u a l l y  th e  commoner 

t h e s e  w i l l  be d i s c u s s e d  f i r s t .

1 . S t r i a t e d  F a c e s .

C r y s t a l  A: Face 1 .

T h is  c r y s t a l  i s  o f  w e ight  0-35 c a r a t ,  i s  t r a n s p a r e n t  

but o f  a y e l lo w  c o l o u r  e n c l o s i n g  a b lack  i n c l u s i o n  p o s s i b l y  

c a r b o n .

F igure  (7 3 )  X 85 shows the  whole o f  one s t r i a t e d

f a c e  on t h e  c r y s t a l .

F ig u re  (74)  X 100 i s  an in te r f e r o g r a m  of most o f  th e
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f a c e ,  snowing a peak A which i s  a r e g io n  at which v i c i n a l  

f a c e s  m e e t .

The n a tu re  o f  t h i s  r e g io n  i s  r e v e a l e d  by t h e  i n t e r -

ferogram in  f i g u r e  (75 )  X 4 0 0 .  Region A i s  shown t o  be th e

f l a t t e s t  p a rt  on th e  s u r f a c e .  The r e g io n  i s  somewhat c o n ic a l*

w ith  a r a d iu s  o f  c u r v a tu r e  approx im at ing  to  0-3 cm. The

c h a r a c t e r  o f  th e  s t r i a t i o n s  i s  c l e a r l y  r e v e a l e d  by th e  r i p p l e s

in  th e  f r i n g e s .  Moreover, th e  f r i n g e  p a t t e r n s  i n  bo th  f i g u r e s

( 7 4 ) ,  (7 5 )  show th a t  t h e  s t r i a t i o n s  are  s h a l lo w  r u t s  w i th  rounded

upper r i d g e  r e g i o n s .  I t  ap pears  th a t  each  rut m a in ta in s  i t s

c h a r a c t e r  v i r t u a l l y  unchanged a lo n g  the  l e n g t h  o f  t h e  c r y s t a l

f a c e  and th a t  th e  r u t s  r e p r e s e n t  the  l a s t  s t a g e s  in  th e  growth o f

t h i s  p a r t i c u l a r  s u r f a c e .  A s t r i a t i o n  can run s t r a i g h t  a c r o s s  t h e

main h i l l o c k .  F igu re  (76)  f c  one o f  t h e  h ig h  power i n t e r f e r o -

grams tak en  w ith  a 3 mm. o b j e c t i v e  N. A.  0 . 95*

The f r i n g e  sh a rp n e ss  i s  e x c e p t i o n a l l y  good when th e

h ig h  power u sed  i s  ta k e n  i n t o  c o n s i d e r a t i o n .  Measurement shows

th a t  some o f  th e  s t r i a t i o n s  a re  s i m i l a r  in  d ep th ,  t h i s  b e in g  o f
0

th e  order  o f  500 A . However, t h e r e  i s  an a p p r e c i a b le  v a r i a t i o n  

in  th e  n um er ica l  v a lu e  o f  t h e  i r r e g u l a r i t i e s  a long  t h e  s t r i a t i o n s .  

The d e e p e s t  s t r i a t i o n  measured i s  on ly  some llOOA^ d eep .  Further»  

more t h e  f r i n g e  p a t t e r n  shows th a t  t h e  s t r i a t i o n s  are in  th e  form

o f  s h a r p  V - r i d g e s .

The r e s u l t s  o f  measurements o b ta in e d  u s in g  F ize a u

f r i n g e s  were con f irm ed  u s in g  f r i n g e s  of  equal  chrom atic  ord er .
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F ig u r e  ( 77a) X 200 i l l u s t r a t e s  one example o f  th e  f r i n g e s  o f  

e q u a l 'c h r o m a t ic  ord er  f o r  a l i n e  p r o f i l e  on one o f  th e  s t r i a t i o n s  

showing two h i l l s  and two v a l l e y s  o f  h e i g h t s  and d ep th s  o f  th e .  

order  o f  500A^ and 600A^ r e s p e c t i v e l y .

F igure  (77b) X 200 i l l u s t r a t e s  a n o th er  example fo r  th e  

V -c h a r a c t e r  o f  th e  s t r i a t i o n s .

C r y s t a l  A: Face 2 .

C r y s ta l  A has one o th e r  f a c e  which i s  good enough f o r  

th e  m i c r o - i n t e r f e r o m e t r i c  s t u d y ,  a l th o u g h  t h i s  s u r f a c e ,  Face 2 , 

i s  more rugged than  th a t  o f  Face 1 .

F ig u re  ( 78)  X 110 shows e f f e c t i v e l y  th e  whole f a c e  which  

i s  a l s o  s t r i a t e d .  Here a g a in  t h e r e  are peak r e g io n s  at  which  

v i c i n a l  f a c e s  m e e t .

The topography o f  t h e  whole f a c e  i s  shown by th e  i n t e r -  

ferogram  f i g u r e  ( 79)  X 1 1 0 ,  where th e  f r i n g e  p a t t e r n  i n d i c a t e s  

t h a t  th e  s u r f a c e  c o n s i s t s  o f  a s e r i e s  of  broad,  somewhat curved ,  

p a r a l l e l  r i d g e s .  The s t r i a t i o n s  are a g a in  sharp r u t s  w i t h  rounded  

curved  upper r id g e  r e g io n s  w i t h  extreme u n i fo r m ity  i n  depths  

a lo n g  th e  e n t i r e  l e n g t h .  I t  appears  th a t  each rut does not change  

i t s  c h a r a c t e r  a lo n g  t h e  l e n g t h  o f  t h e  c r y s t a l  f a c e .  The s t r i a t e d  

c h a r a c t e r  i s  r e v e a l e d  i n  d e t a i l  by th e  f r i n g e  p a t t e r n  i n  f i g u r e  

(8p)x 180 where t h e  V - r id g e s  are  s i m i l a r  i n  c h a r a c te r  to  t h o s e

d e s c r ib e d  on Face 1 .

The d i s t i n c t i o n  between r i d g e s  and v a l l e y s  i s  made by

employing f r i n g e s  o f  equa l  ch rom atic  o r u e r . F igure  (81)  X 200
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i s  a n  e x a m p l e  o f  h i g h  d i s p e r s i o n  f r i n g e s  o f  e q u a l  c h r o m a t i c  o r d e r  

f o i ’ a  l i n e  s e c t i o n  f o r  one  o f  t h e  s t r i a t i o n s  w h e r e  t h e  s h a p e d  

c h a r a c t e r  i s  c l e a r l y  s e e n .  M e a s u r e m e n t s  show t h a t  t h e  s u c c e s s i v e  

e l e v a t i o n s  a n d  d e p r e s s i o n s  a r e  o f  t h e  o r d e r  o f  a b o u t  200A° a n d  

500A^ r e s p e c t i v e l y .

F i g u r e  ( 8 2 )  X 20 0  i s  a n o t h e r  e x a m p l e  o f  t h e  h i g h  d i s 

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

i l l u s t r a t i n g  o n c e  more  t h e  V « s h a p e d  c h a r a c t e r  o f  t h e  s t r i a t i o n s .  

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

i o n s  a r e  h e r e  o f  t h e  o r d e r  o f  a b o u t  3000A° a n d  2000A° r e s p e c t i v e l y  

w i t h  v a r i a t i o n s  i n  t h e  d e p t h s  o f  t h e  r u t s  o f  a b o u t  600A^ .

C r y s t a l  A:__F a c e  3 *

C r y s t a l  A h a s  on i t  a n o t h e r  much more i r r e g u l a r  f a c e .  

T h i s  i s  shown i n  f i g u r e  ( 8 3 ) X 1 2 0 .  H e r e  a g a i n  t h e  s u r f a c e  h a s  

s t r i a t i o n s  w h i c h  a r e  d e e p  i n  some r e g i o n s  t o w a r d s  t h e  e d g e s  o f  

t h e  f a c e .  T h e r e  i s  a l s o  wha t  l o o k s  l i k e  a  f l a k y  a r e a  t o  t h e  l e f t  

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

figriiore; (82$) X "LloC).

The c h a r a c t e r  o f  t h e  s t r i a t i o n s  on t h i s  f a c e  i s  w e l l  

i l l u s t r a t e d  i n  t h e  i n t e r f e r o g r a m  f i g u r e  ( 8 5 ) X 16O a s  i s  shown 

i n  t h e  l o w e r  s e c t i o n  o f  th e  p a t t e r n .  A t r a n s m i s s i o n  f r i n g e  

p a t t e r n  a t  6OOX i s  shown i n  f i g u r e  ( 8 6 ) f o r  a  s e l e c t e d  p e a k  

r e g i o n  i n  f i g u r e  ( 8 4 ) .  I n  t h i s  p h o t o g r a p h  one  s e e s  o n c e  more 

t h e  V - s h a p e d  r i d g e s ,  but t h i s  t i m e  on  a  somewhat  b i g g e r  s c a l e

t h a n  on  t h e  o t h e r  two  f a c e s  a l r e a d y  d e s c r i b e d .  The d e p t h s  o f
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t h e  r u t s  v a r y  f r o m  some 2 ’]0Pp  up  t o  a b o u t  2 0 0 0 A ^ . M o r e o v e r  t h e  

n u m b e r  o f  d e e p e r  r u t s  i s  g r e a t e r  t h a n  on t h e  two o t h e r  f a c e s  o f  

t h e  c r y s t a l .

C o n f i r m a t i o n  o f  m e a s u r e m e n t s  h a s  b e e n  made u s i n g  f r i n g e s  

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

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

( 8 7 a )  X 2 0 0  w h e r e  t h e  V - s h a p e d  r i d g e s  a r e  c l e a r l y  i l l u s t r a t e d .

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

t h e  o r d e r  o f  SOQA*  ̂ a n d  l 8 0 0 A °  r e s p e c t i v e l y .  F i g u r e s  ( 87b)  X 200  

a n d  (87c) X 20 0  a r e  two  o t h e r  e x a m p l e s  s h o w i n g  t h e  V - s h a p e d  

c h a r a c t e r  o f  t h e  s t r i a t i o n s .

I t  i s  o f  i n t e r e s t  t o  n o t e  t h a t  t h e  c h a r a c t e . r  o f  mos t  o f  

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

l e n g t h  o f  t h e  r i d g e  but:  t h e y  s eem t o  d i s a p p e a r  i n  some c a s e s .  

C r y s t a l  A: F a c e

C r y s t a l  A h a s  on i t  a  f o u r t h  f a c e  w h i c h  i s  t o l e r a b l y  

g o o d  a l t h o u g h  t h i s  s u r f a c e  F a c e  4 much more  r u g g e d  t h a n  t h e  

o t h e r  t h r e e  f a c e s  j u s t  d e s c r i b e d .

F i g u r e  ( 8 8 ) X 95  s how s  t h e  m i c r o p h o t o g r a p h y  o f  t h e  

w h o l e  f a c e  f r o m  w h i c h  i t  i s  c l e a r l y  s e e n  t h a t  i t  c o n s i s t s  o f  

d i f f e r e n t  r e g i o n s  e x h i b i t i n g  i n  some p a r t s  t h e  u s u a l  s t r i a t i o n s  

a n d  i n  o t h e r s  wh a t  l o o k s  l i k e  a  f l a k y  a p p e a r a n c e .  The  t o p o g r a p h y  

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

f i g u r e  ( 8 9 ) X 1 4 O. H e r e  a g a i n  t h e  V - s h a p e d  c h a r a c t e r  o f  t h e  

s t r i a t i o n s  i s  c l e a r l y  s e e n .  A l s o  i n  t h i s  p h o t o g r a p h  f i v e  h i l l o c k s
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can be d i s t i n g u i s h e d  w i t h  t h e  s t r i a t i o n s  running a c r o s s  them.  

M oreover,  i t  a p pears  t h a t  t h e r e  i s  not  much v a r i a t i o n  i n  t h e  

n u m e r ic a l  v a lu e  o f  th e  d ep th s  o f  t h e  r u t s  on t h i s  f a c e .  The 

d e e p e s t  i s  about 1200A^.

The o t h e r  f a c e s  o f  t h i s  c r y s t a l  are v e r y  s i m i l a r  to  

t h o s e  a l r e a d y  d i s c u s s e d  and w i l l  not be d e s c r i b e d .

C r y s t a l  B.

T h is  c r y s t a l  i s  o f  w e ig h t  0*642 c a r a t s ,  i s  t r a n s p a r e n t  

and a l s o  has s t r i a t e d  f a c e s .

F ig u re  ( 90 ) X 85 shows one o f  t h e  f a c e s  o f  t h i s  c r y s t a l  

Under low  m a g n i f i c a t i o n  t h e  s t r i a t i o n s  cannot be i d e n t i f i e d .  

However, t h e  h ig h  power m icrophotograph  f i g u r e  (91 )  X 720 has  

r e v e a l e d  t h e  n a tu r e  o f  t h e  s t r i a t i o n s  on t h e  s u r f a c e .  Those are  

d i s c o n t i n u o u s  and i n  p a r t s  very  d eep ,  up t o  about 2 / "  .

F ig u r e  ( 92 ) X 47 0 i s  a h ig h  power i n t  e r f  erogram f o r  

p a r t  o f  t h e  s u r f a c e  where t h e  f r i n g e  p a t t e r n  i n d i c a t e s  th a t  th e  

major p a r t  o f  t h e  s u r f a c e  c o n s i s t s  o f  cu rv ed  r i d g e s  and t h a t  th e  

d e p th s  o f  t h e  r u t s  on t h e  s u r f a c e  i s  sm a l l  o f  t h e  order  o f  

6oOA° d e e p .

Other f a c e s  o f  t h e  c r y s t a l  a re  s i m i l a r  and w i l l  not be

d e s c r i b e d .

The Netvmrk S t r u c t u r e s .

C r y s t a l  C*

T his  c r y s t a l ,  o f  w e igh t  O.7O c a r a t s ,  i s  t r a n s p a r e n t  

and e x h i b i t s  a c u r i o u s  p a t t e r n  o f  network s t r u c t u r e s  which are
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i t  seems r a r e .

F igure  (9 3 )  X 55 shows e f f e c t i v e l y  one f a c e  o f  th e

c r y s t a l .  The n a tu re  o f  th e  s u r f a c e  s t r u c t u r e  i s  r e v e a l e d  by a

h i g h e r  m a g n i f i c a t i o n  i l l u s t r a t e d  i n  f i g u r e  (94)  X 37 0 .  Here one

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

are  s m a l l  and ranging- in  a rea  from some 5 X lO"^ b q  cm. to  
- 2

2 X 10 sq cm. They m o st ly  e x h i b i t  curved  b o u n d a r ie s .  F igure  

( 95) shows th e  i n t e r f e r e n c e  f r i n g e  p a t t e r n  secu red  at X 200 . The 

f r i n g e s  con tour  t h e  f e a t u r e s  in  th e  form o f  c l o s e d  lo o p s  w ith  

h e i g h t s  i n  most c a s e s  l e s s  th a n  3000A° as  conf irm ed  by th e  f r i n g e s  

o f  eq u a l  chrom atic  o r d e r .  The f e a t u r e s  are  rounded h i l l o c k s .

F igu re  (9 6 )  X 2000 shows a l i g h t - p r o f i l e  p a s s i n g  a c r o s s  

one o f  th e  f e a t u r e s .  I t  i s  an e l e v a t i o n  w i t h  somewhat curved  

edges  and rough e s t i m a t i o n  o f  h e ig h t  about 4000A°. The p r o f i l e  

shows a l s o  th a t  t h e  f e a t u r e s  are  rounded h i l l o c k s . The o th e r  

f a c e s  o f  th e  c r y s t a l  are  v er y  s i m i l a r  and w i l l  not be d e s c r ib e d .  

C r y s t a l  D.

This  c r y s t a l ,  i s  o f  m ig h t  0.75  c a r a t s ,  i s  t r a n sp a r e n t  

and e x h i b i t s  a network s t r u c t u r e  much more c o m p l ic a te d  than th a t  

ob ser v e d  on c r y s t a l  ( c )  but which i s  y e t  good enough f o r  th e  

i n t e r f e r o m e t r i c  s t u d y .

The major p art  o f  one f a c e  o f  t h i s  c r y s t a l  i s  shown in  

f i g u r e  (97 )  X 8 5 .  The s u r f a c e  c o n s i s t s  o f  i r r e g u l a r  f e a t u r e s  

c r o s s e d  by s t r a i g h t  s h e e t s  c r y s t a l l o g r a p h i c a l l y  o r i e n t e d .  This  

i s  a l s o  c l e a r l y  s e e n  i n  f i g u r e  (9 8 )  X 1 4 0 .  The e n c l o s e d  l i n e a r
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p a t t e r n  in  p a r t s  r e sem b les  th e  f i r s t  s t a g e  e t c h  p a t t e r n  produced  

by Pandya and Tolansky ( 1954) on dodecahedral  f a c e s  by a r t i f i c i a l  

e t c h i n g .  But f i g u r e  ( 97 ) shows th a t  th e  p a t t e r n  on t h i s  c r y s t a l  

i s  t r i a n g u l a r  and not h exagon a l  a s  r e v e a le d  by e t c h i n g .  This  

s u g g e s t s  th a t  t h e r e  i s  some doubt th a t  th e  p a t t e r n  i s  due to  e t c h .

The topography o f  th e  s u r f a c e  i s  r e v e a le d  by th e  i n t e r -  

ferogram shown i n  f i g u r e  (9 9 )  X 16O. The f r i n g e  p a t t e r n  shows 

some peak r e g io n s  a l l  l y i n g  i n  t h e  c e n t r a l  p o r t i o n  o f  t h e  c r y s t a l -  

Two examples o f  t h e  h ig h  d i s p e r s i o n  f r i n g e s  o f  equal  

chrom atic  order  are  shown in  f i g u r e s  (lOO) X 200 and ( l O l )  X 200 . 

The f i r s t  f o r  a l i n e  p r o f i l e  o f  th e  c e n t r a l  r e g io n  o f  one o f  th e  

f e a t u r e s  and th e  o th e r  f o r  one o f  i t s  e d g e s .  From t h e  second  

example i t  i s  c l e a r l y  s e e n  t h a t  th e  boundaries  are i r r e g u l a r  

showing s u c c e s s i v e  e l e v a t i o n s  and d e p r e s s i o n s ,  bounded from both  

s i d e s  by some f a i r l y  f l a t  r e g i o n s .

3 . P a r a l l e lo g r a m  S t r u c t u r e .

Cr y s t a l  E.

This  c r y s t a l  e x h i b i t s  a most u nexpected  n o v e l  to p o g -
»

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

The c r y s t a l  o f  w e ight  0-25 c a r a t s ,  i s  t ra n sp a ren t  and 

has two w e l l  d e v e l o p e d ' f a c e s .

F igure ( 102) shows th e  microphotography f o r  part  o f  one 

s u r f a c e  secu red  at a m a g n i f i c a t i o n  o f  X 15OO w ith  a 3" l e n s .

The s u r f a c e  i s  s e e n  t o  c o n s i s t  o f  a s t r i k i n g  p a t t e r n  o f  sm all  

p a r a l l e lo g r a m  r e g i o n s ,  each  e n c l o s i n g  a n g le s  of and lO g i  ^



F i ̂   ̂• X 14.0

Fig. gg. X 160



TimmmrnmmrTîiiifiim
î#r...rnma

F i g -  1 0 0 X 2 0 0

hig. loi x200



-  129 -  .

The s i d e s  are  t h e r e f o r e  c r y s t a l l o g r a p h i c a l l y  o r i e n t e d .  The

p a r a l l e lo g r a m s  are  very  sm a l l  in d e e d  ra n g in g  in  area  from some 
"»8 c

5 X 10 sq.. cm. t o  some 2 x 10“ s q .  cm. F igure  ( l 03) X 270 i s

an in te r f e r o g r a m  f o r  a sm all  r e g io n  on th e  s u r f a c e .  I t  shows a

c e n t r a l  p a tc h  r e g io n  o f  "zero" order  i n t e r f e r e n c e  surrounded w ith

what are  th e  e q u iv a le n t  o f  t h e  m u l t i p l e —beam Newton*s " r in g s " f o r

an a p p ro x im a te ly  c y l i n d r i c a l  or e l l i p t i c a l  s u r f a c e .  I t  i s  near

t h i s  z e r o - o r d e r  r e g io n  which i s  th a t  t o  be examined w ith  th e  h igh

p o w er .

F igu re  (104 )  shows t h e  i n t e r f e r e n c e  f r i n g e  p a t t e r n

s e c u r e d  at X 1500 w ith  t h e  3 mm. l e n s .  In t h e  upper h a l f  o f  th e

p i c t u r e  i s  th e  zero  order  r e g i o n .  This  c o n s i s t s  o f  a p a t t e r n  o f  

h i g h - d i s p e r s i o n  f r i n g e s  running over  th e  p a r a l l e lo g r a m s  o f  f i g u r e  

( 1 0 2 ) .  The ex tre m e ly  h ig h  c o n t r a s t  i n  t h e  f r i n g e  p a t t e r n  i s ,  as  

fo rm er ly  shown, p r im a r i l y  due t o  th e  low a b s o r p t io n  in  the  m u l t i 

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

In th e  lo w e r  h a l f  o f  th e  p i c t u r e  are two f r i n g e s ,  

r e s p e c t i v e l y ,  t h e  f i r s t  and secon d  orders  o f  th e  m u lt ip le -b ea m  

"Newton's r ing" sy s tem .  The f r i n g e  d e f i n i t i o n  i n  th e  f i r s t  order  

i s  e x c e p t i o n a l l y  good .  I t  i s  j u s t  r e c o g n i z a b l e  th a t  th e  second  

order  has broadened s l i g h t l y ,  but a p p r e c ia b ly  r e l a t i v e  to  t h e  

f i r s t  o r d e r .  T h is  d i f f e r e n c e  i s  due to  th e  f a c t  th a t  th e  gap fo r  

th e  f i r s t  order  i s  ^  and th a t  f o r  th e  second  order i s  ^  •

The in t e r f e r o g r a m s  r e v e a l  th a t  th e  p a r a l l e lo g r a m  

f e a t u r e s  are  sm all  convex u n i t s .  They vary i n  h e ig h t  from about
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2éCA° t o  some 90ÛA°. The b o u n d a r ie s  o f  t h e  f e a t u r e s  are  sh a rp ly  

d e f i n e d  r u t s  or c h a n n e l s .  Furthermore,  th e  f r i n g e  p a t t e r n s  show 

th a t  most o f  t h e s e  s e p a r a t e  p a r a l l e lo g r a m  r e g i o n s  a re  h i g h l y  

c u r v e d .  Approximate c u r v a t u r e s  have been c a l c u l a t e d  by assuming  

t h a t  t h e  e l em en ts  are  s p h e r i c a l  s e g m e n ts .  T h is  has been  done f o r  

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

r a d i i  o f  c u r v a t u r e s  vary from about 0 -67  mm. to  0 .0 2  mm.

T ab le  ( 1 ) shows t h e  r e s u l t  o f  measurement which has  

been c a r r i e d  out on t h e  i n t e r f e r o g r a m  f i g u r e  ( 1 0 4 ) .

T ab le  ( l )

P o i n t s  on I 
t h e

S u r fa c e  j

Radius  o f  
cu r v a tu r e

A • 0 2 2  cm.

B • 012 "

C • 026 "

D ' .0 0 6  "

E .002  "

T h is  t a b l e  shows t h a t  t h e  r a d i i  o f  c u r v a tu r e s  f o r  t h e  

s e l e c t e d  r e g io n  a re  v e r y  s m a l l  in d e ed  and vary from about .02  

mm. t o  .02  mm.

I t  i s  w o r th w h i le  t o  n o te  th a t  t h e  p a r a l l e lo g r a m  f e a t u r e s  

d e s c r i b e d  do not at  a l l  re sem b le  any o f  t h e  e t c h  p a t t e r n s  which  

have been  produced  r e c e n t l y  in  t h i s  la b o r a t o r y  by Pandya and 

T o la n sk y  (1954)  on dodecahedron f a c e s  o f  diamond.
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S in c e  t h e r e  appear t o  be no e t c h  f e a t u r e s  on t h i s  

c r y s t a l  i t  i s  r e a s o n a b le  t o  co n c lu d e  th a t  th e  p a r a l l e lo g r a m  

p a t t e r n  i s  a groi/vth f e a t u r e -



CHAPTER I I I  

C o n c lu s io n

A g e n e r a l  c o n c l u s i o n  may now be drawn from th e  d e t a i l e d  

s tu d y  o f  t h e  d i f f e r e n t  f a c e s  o f  th e  f i v e  c r y s t a l s  a l r e a d y  

d e s c r i b e d .  Each c r y s t a l  e x h i b i t s  a s t r u c t u r e  o f  i t s  own.

In t h e  p r e s e n t  i n v e s t i g a t i o n  we may c l a s s i f y  th e  

d i f f e r e n t  s t r u c t u r e s  o b s e r v e d  under t h r e e  main h e a d in g s .

1 . S t r i a t e d  F a c e s .

These i n c l u d e

(a )  S u r f a c e s  w hich  e x h i b i t  smooth s t r i a t i o n s  and are  

good  f o r  i n t e r f e r o m e t r i c  t e c h n i q u e s  ( C r y s t a l  a)

(b )  S u r f a c e s  w hich  e x h i b i t  rough s t r i a t i o n s  which are

t o o  c o a r s e  f o r  i n t e r f e r o m e t r i c  s tud y  ( C r y s t a l  E)

( c )  S u r f a c e s  w hich  e x h i b i t  s t r i a t i o n s  e i t h e r  smooth or  

c o a r s e  and are  c h a r a c t e r i z e d  by some f l a k y  r e g i o n s .

These  v a r i a t i o n s  i n  t h e  c h a r a c t e r  o f  t h e  s t r i a t i o n s  may 

w e l l  depend on t h e  p a r t i c u l a r  mine from w hich  t h e  diamonds have  

been e x t r a c t e d .  U s u a l l y  t h e  s t r i a t e d  f a c e s  are  q u i t e  common.

Each l i t t l e  r i d g e  on a s t r i a t e d  s u r f a c e  i s  e n c l o s e d  by two narrow  

p l a n e s  more or l e s s  r e g u l a r .  These p l a n e s  o f t e n  co rresp o n d  in  

p o s i t i o n  t o  d i f f e r e n t  f a c e s  o f  t h e  c r y s t a l ,  and t h e s e  r i d g e s  may

have been formed by a c o n t in u e d  o s c i l l a t i o n  i n  t h e  o p e r a t i o n  o f

t h e  c a u s e s  t h a t  g i v e  r i s e ,  w^hen a c t i n g  u n i n t e r r u p t e d l y ,  t o  

e n l a r g e d  f a c e s .  By t h i s  means^ t h e  s u r f a c e s  a re  marked in
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p a r a l l e l  l i n e s ,  w i th  a s u c c e s s i o n  o f  narrow p la n e s  m eet ing  at 

an a n g le  and c o n s t i t u t i n g  th e  r i d g e s  r e f e r r e d  t o .

From th e  s t u d i e s  made on a l l  t h e  f a c e s  o f  c r y s t a l  A 

i t  i s  co n c lu d ed  th a t  th e  s t r i a t i o n s  are  sharp r u t s  and i t  appears  

th a t  each rut m a in ta in s  i t s  c h a r a c t e r  v i r t u a l l y  unchanged a lo n g  

th e  l e n g t h  o f  th e  c r y s t a l  f a c e .

2 . Net wpr k_ St r u c t u r e .

T h is  t y p e  o f  s t r u c t u r e  i s  one o f  th e  r a r e s t  ever  

r e p o r t e d  on diamond. A l l  t h e  f e a t u r e s  on th e  s u r f a c e  are convex  

e l e m e n t s .

Now t h i s  i r r e g u l a r  s t r u c t u r e  may w e l l  be i n t e r p r e t e d  

in  term s o f  d i s l o c a t i o n s  as  a row or l a t t i c e  o f  d i s l o c a t i o n s  as  

was f i r s t  p rop osed  by Burgers ( 1 9 4 0 ) who has p o in t e d  out th a t  two 

c r o s s i n g  sy s tem s  o f  d i s l o c a t i o n s  were a p o s s i b l e  model f o r  a 

boundary between c r y s t a l s  d i f f e r i n g  i n  o r i e n t a t i o n  by a sm al l  

r o t a t i o n  about an a x i s  normal t o  th e  boundary. Strong e v id e n c e  

th a t  t h e  l i n e a g e  b o u n d a r ie s  c o n s i s t  o f  a row o f  d i s l o c a t i o n s  has  

been o f f e r e d  c h i e f l y  in  th e  form o f  o b s e r v a t i o n s  on e t c h  p i t s  on 

s u b - g r a i n  b o u n d a r ie s  by Lacombe ( 1 9 4 8 ) and by Read and Shockley
y

( 1 9 5 0 ) .  F urth er  support  has been  g iv e n  r e c e n t l y  by Vogel  et  a l  

( 1 9 5 3 ) who have s t u d i e d  th e  b oun dar ies  between n e a r ly  p e r f e c t  

c r y s t a l s  o f  germanium grown from t h e  m e l t ,  t h e  growth d i r e c t i o n  

b e in g  <  110 >  • But t h e  c r y s t a l  had t o  be e tch ed  in  a s u i t a b l e

re a g en t  t o  r e v e a l  t h e  end p o i n t s  o f  th e  edge d i s l o c a t i o n s  which  

s e r v e  as  n u c l e i  f o r  e t c h  p i t s  (Lacombe and Beaujard ( 1 9 4 7 ) ) .
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Support fo r  B u r g e r ' s  model has been g i v e n  by Verna ( 1 9 5 4 ) who 

o b s e r v e d  th e  m osaic  s t r u c t u r e  on th e  n a t u r a l  s u r f a c e s  o f  a h i g h l y  

p e r f e c t  germanium c r y s t a l  by i n t e r f e r o m e t r i c  t e c h n i q u e s  w ithout  

e t c h i n g  t h e  s u r f a c e .

M oreover,  Hedges and M i t c h e l l  (1 9 5 3 )  d e s c r i b e  p a t t e r n s  

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

bromide c r y s t a l s ,  w hich  show t h e  arrangement o f  d i s l o c a t i o n s  

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

a n n e a l i n g .  The d i s l o c a t i o n  l i n e s  i n  t h e s e  networks j o i n  each  

o t h e r  e x c l u s i v e l y  at t h r e e - l i n e  n o d es .  In some r e g i o n s  th e  

r e s u l t i n g  network i s  e s s e n t i a l l y  t h r e e - d i m e n s i o n a l ,  but predom

i n a n t l y  t h e  d i s l o c a t i o n s  are  arra n g ed  in  s u r f a c e s  which d i v i d e  

t h e  c r y s t a l  i n t o  c e l l s  o f  an a v er a g e  d iam eter  o f  th e  order o f  

m agnitude 10 m icr o n sj  j u s t i f y i n g  a p p l i c a t i o n  o f  th e  term "mosaic  

s t r u c t u r e "  to  t h i s  p a r t i c u l a r  c a s e .  In  some c a s e s  th e  arrangement  

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

l i n e s ,  corresponding' t o  t h e  d i s l o c a t i o n  models o f  a boundary  

between  c r y s t a l s  d i f f e r i n g  in  o r i e n t a t i o n  by a sm all  r o t a t i o n  

about an a x i s  l y i n g  in  th e  boundary, which have been d i s c u s s e d  by 

a number o f  a u th o r s  (B u rg es s  1939» Bragg 1 9 4 0 ,  Van der Merwe 1950-  

Read and S hock ley  1 9 4 9 .  1 9 5 0 ) .  In o th e r  c a s e s ,  th e  p a t t e r n  seen  

in  a c e l l  w a l l  i s  f a i r l y  u n ifo rm  network o f  hexagons (no t  

n e c e s s a r i l y  r e g u l a r  h ex a g o n s ,  though  t h e  nodal a n g le s  appear to  

be c l o s e  t o  1 2 0 ° ) .  The p a t t e r n  ob serv ed  on th e  c r y s t a l  i s  some

what s i m i l a r  in  some r e g i o n s .  Frank (1 9 5 4 )  d i s c u s s e d  such
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h e x a g o n a l  p a t t e r n s  o b ser v e d  by Hedges and M i t c h e l l  by g e n e r a l i z — 

in g  Burger^s m odel.  He p o i n t e d  out th a t  the  p a t t e r n s  in  which  

d i s l o c a t i o n s  run in  more than  one d i r e c t i o n  in  th e  s u r f a c e  are  

a n t i c i p a t e d  in  t h e  c a s e  o f  a mosaic boundary. He added t h a t  th e  

unique  r e l a t i o n s h i p s  between  net p a t t e r n ,  a x i s  o f  r o t a t i o n  and 

p la n e  of net  aepends  on th e  non«*existence  o f  f a r  re a c h in g  s t r a i n s ,  

and t h a t  d i s l o c a t i o n  n e t s  may be f o r c e d  out o f  t h e i r  e q u i l ib r iu m  

p l a n e s ,  or th e  u n i f o r m i t y  o f  t h e i r  net p a t t e r n s  may be d i s t u r b e d  

by s t r e s s e s .  O c c a s io n a l  d i s l o c a t i o n s  may be p r e s e n t ,  produc ing  

f a r  r e a c h in g  s t r a i n s ,  anywhere e l s e  i n  a c r y s t a l .  Such d i s l o c a t 

io n s  w i l l  be o n ly  weakly  bound in to  the  n e t .  This  v iew  can e x p l a i n  

why t h e  o b ser v e d  p a t t e r n s  on diamond are  sometimes i r r e g u l a r .

The network s t r u c t u r e  may a l s o  a l t e r n a t i v e l y  be

a t t r i b u t e d  t o  o t h e r  i m p e r f e c t i o n s  i n  t h e  l a t t i c e .  Addink ( 1947) 

h a s  e s t a b l i s h e d ’ t h a t  no t  o n l y  m o s a i c s  but  a l s o  h o l e s  i n  a l a t t i c e  

o r  i o n s  a t  i n t e r s t i t i a l  p l a c e s  w i l l  c o n t r i b u t e  t o  make a c r y s t a l  

’’i m p e r f e c t ” . He c a l l s  a c r y s t a l  w i t h  t h e s e  f l a w s  ’’i n c o m p l e t e ” 

and w o r k s  out  a  s e t  o f  d e g r e e s  o f  ’’ i n c o m p l e t e n e s s ” f o r  a number o f  

c r y s t a l s  i n c l u d i n g  d iamond-

Further  support f o r  t h e  p r e s e n c e  o f  such im p e r f e c t i o n s  

in  t h e  l a t t i c e  i s  g i v e n  by Champion (1953)  who a l s o  r e p o r te d  l o c a l  

im p e r f e c t i o n s  in  diamond. He s t a t e d  t h a t  v a r i a t i o n s  in  th e  t e x t u r e  

o f  diamond can be reg a rd ed  as  v a r i a t i o n s  in  t h e  r e l a t i v e  t h i c k 

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

im p e r fe c t  b a r r i e r  l a y e r s  w hich  make up t h e  sp ec im en .  His v iew  has
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b een  su p p o rted  by H a l l  ( 1 9 5 2 )  who s t u d i e d  the  growth o f  

germanium c r y s t a l s  and found t h a t  a w ide v a r i e t y  o f  t e x t u r e  may 

be a f f e c t e d  by ch an g ing  the  shape and the  a m p li tu d e  c y c l e s .  A f t e r  

e a c h  s u r f a c e  l a y e r  o f  the  c r y s t a l  i s  co v e re d  by a new l a y e r ,  i t s  

c o m p o s i t io n  w i l l  tend  to  approach the e q u i l i b r i u m  v a lu e  f o r  the  

s o l i d ,  b u t  i f  the  new l a y e r s  are  added to o  r a p i d l y  the i m p e r f e c t 

i o n s  have i n s u f f i c i e n t  t ime to  exchange w i t h  the s u r f a c e  and 

m a t e r i a l  h a v in g  a n o n - e q u i l i b r i u m  c o m p o s i t io n  w i l l  be grown.

Now germanium h a s  e s s e n t i a l l y  the diamond s t r u c t u r e ,  

and i t  may be supposed  t h a t  i n  n a t u r a l  diamond a s i m i l a r  s i t u a t 

i o n  o c c u r s .  V a r i a t i o n s  i n  the  r a t e  o f  growth l e a d  to  the fo rm a t 

i o n  o f  i n t e r i o r  s u r f a c e s ,  the  u l t i m a t e  n a t u r a l  s u r f a c e  r e p r e s e n t 

i n g  m e r e ly  the  l a s t  and f i n a l  s u r f a c e  to  be formed. A cco rd in g  to  

Champion t h e s e  s u r f a c e  or b a r r i e r  l a y e r s  c o n s i s t  o f  a g g r e g a t e s  o f  

v a c a n t  s i t e s  and i n t e r s t i t i a l  atoms in ^ v a r y in g  p r o p e r t i e s .

Of c o u r s e  t h e r e  rem ains  one p o i n t  namely ,  i f  the  ne tv/or k 

i s  in d e e d  a grow th  giechanism, why d o e s  i t  o n ly  appear r a r e l y  on 

a few dodecahedra?  An answer may be t h a t  no enough dodecahedra  

have y e t  b een  s t u d i e d .  I f  the network  i s  due to s o l u t i o n ,  i t  i s  

n e c e s s a r y  to  p o s t u l a t e  t h a t  dodecahedron f a c e s  are  more e a s i l y  

d i s s o l v e d  than o c t a h e d r a l  f a c e s  b e c a u s e  e t c h  i s  r a r e  on n a t u r a l  

o c t a h e d r a .

3 .  Paralle logram S t r u c t u r e .

As to  the  r e g u l a r  p a t t e r n  o f  p a r a l l e l o g r a m s  ob ser v ed  

on c r y s t a l  E, t h i s  d o e s  n o t  re sem b le  any o f  the  e t c h  p a t t e r n s
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p ro d u c ed  by any o f  p r e v i o u s  w o rk er s .  This  i s  p ro b a b ly  a growth  

c h a r a c t e r i s t i c .  I t  may be w e l l  i n t e r p r e t e d  in  terms o f  t h e  d i s 

l o c a t i o n s  as  b e f o r e  o n ly  in  t h i s  c a s e  t h e  rows o f  d i s l o c a t i o n s  

form r e g u l a r  p a t t e r n s .

I t  might be e x p e c t e d  th a t  th e  c o n d i t i o n s  f o r  t h e  growth  

o f  th e  t y p e  shown by t h e  r e g u l a r  p a t t e r n  o f  p a r a l l e l o g r a m s  i s  

r a r e l y  a c h i e v e d .  S in c e  t h e  most d i f f i c u l t  c o n d i t i o n s  t o  a c h i e v e  

in  c r y s t a l  growth a re  t h o s e  o f  u n i f o r m i t y  in  t h e  t e m p e r a tu r e ,  

p r e s s u r e  and c o n c e n t r a t i o n .  As v a r i a t i o n s  i n  t h e s e  p r o p e r t i e s  or  

in  t h e i r  r a t e  o f  change l e a d  t o  i m p e r f e c t i o n s  i n  c r y s t a l  t e x t u r e ,  

t h e  c o n d i t i o n s  o f  n a t u r a l  growth o f  diamonds would g e n e r a l l y  be 

e x p e c t e d  t o  l e a d  t o  a s u r f a c e  s t r u c t u r e  v/hich i s  more commonly 

t h a t  d e s c r i b e d  in  c r y s t a l s  A and B w h i l e  t h o s e  o f  c r y s t a l s  0,

D and E i s  s u r e l y  o f  r a r e  o c c u r r e n c e .

I t  must be co n c lu d e d  t h a t  a f irm  answer as t o  th e  

o r i g i n  o f  th e  n etw orks  cannot y e t  be g i v e n .
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Abstract. It is shown that in rare instances a mode of growth by plane sheets 
operates on the octahedral faces of diamond which leads to the formation of 
six-sided growth features containing alternate angles of approximately 90° and 
150°. It is shown that the edges of these are effectively parallel to the directions 
(431). These may possibly arise through intersection of {221 { with the (111) 
face.

§ 1. I n t r o d u c t io n

IN this laboratory an intensive systematic optical study is being made of 
growth characteristics on natural diamond faces. In this study several 
hundred octahedral faces have been subject to detailed examination by the 

microscope, by interferometry and by the light-profile microscope. It has been 
established that by far the great majority of these diamond faces grow by means 
of plane sheet growth which leads to trigon formation and to oppositely oriented 
triangular growth pyramids (for a recent discussion see Halperin (1954)). In both 
trigons and triangular growth pyramids the edges are strictly parallel to the 
three edges of the normally triangular face constituting the (111) natural octahedral 
face of the diamond.

In two exceptional instances we have found again a plane-sheet mode of 
growth, but this time the edges of the growth sheets are parallel to (431 ) and it 
is the object of this brief note to describe these relatively infrequent growth 
features which we have found on four separate faces. Three of these occur on 
different octahedral faces of one diamond and the fourth on another diamond.

§ 2. O b s e r v a t i o n

Case 1.
The first example is remarkable for its approximate symmetry and gives us 

the clue to the others. It appears on one face of a good transparent octahedron 
from South Africa, of weight 0  63  carat. The feature is quite small indeed and 
is shown ( x 1000) in figure 1 a (Plate). It consists of a hexagonal pattern and 
measurement reveals that the alternate angles are respectively approximately 
some 90° and 150°. The sides are almost, but not quite, equal in length. The 
angles are difficult to evaluate with any precision because the sides are not quite 
straight. The angles can be measured to within a little better than 4 ° . They 
are respectively, in degrees, 894, 150, 924, 144, 95, 150J. Their sum is 721J.

Examination by fringes of equal chromatic order (figure 1 h) (see Tolansky 
1948) establishes that this feature is a plateau standing merely some 1000 Â 
high above a more extensive growth pyramid. It is certainly a growth feature 
for there is no evidence for the existence of any etch effects whatsoever on this
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diamond. This observed hexagonal pattern can be crystallographically described 
as having its growth edges more or less parallel to the directions {431). The 
calculated angles for a hexagon in these directions are respectively 87° 47' and 
152° 13'. The values in the observed figure are somewhat similar. Although 
there is only a crude parallelism to (431 ) the main fact is the dilferentiation 
from the general mass of growth features on octahedral faces, which consist of 
trigon or pyramidal growth features in which the three sides are, almost invariably, 
inclined to each other at angles very near to 60°.

The lines which form this hexagon could arise from intersection of (111) 
with any of many planes which include for example (221), (430), (103), (014), 
etc. Of these, we tend to conjecture in favour of (221) for the following reasons : 
It is the only set of planes which can produce simultaneously on each of all the 
(111) planes of the crystal both our hexagonal pattern and equilateral triangles, as 
in figure 2, and both patterns appear simultaneously on three faces of our crystal.

Figure 2.

Further, (221) is the most close packed of all the possible forms giving our hexagons 
and might well be favoured during growth. Again, it has been established by 
etching experiments (Omar, Pandya and Tolansky 1954) that the most important 
planes produced by etching (111) on diamond are (221). This evidence is far 
from decisive but favours (221) a little.

Case II.
In the second example, figure 1 c ( x 650), interferometry once more 

demonstrates that this figure lies on a growth pyramid. This pyramid reflects 
the feature, but there are distortions because of interference from surrounding 
growths.

As before, we have a six-sided figure, the angles being 90, 153, 92, 150, 92J, 
151°. The sum of these is 7284° and the excess (84°) over that for a rectilinear 
figure is undoubtedly due to curvature of the sides and not due to faulty esti
mation of the angles. W ithin the hexagon are the familiar 60° growth trigons.

Case II I .
This example (figure \ d) [ x  300) at first seems a most irregular pattern but 

can be classified along with the two previous ones. The key lies in the appearance 
of the alternate angles, approximating once more to some 90° and 150° which
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establish that this is just another distorted example. The angles measured are 
89, 153, 93, 149, 90, 151, with sum 725°, and again the excess is attributable to 
curvatures.

It is noteworthy that these three features, each on a different face of one 
crystal, cover a relatively insignificant fraction of the total area. Despite the 
numerical differences in angles, these features are undoubtedly similar and are 
clearly related.

In this example (figure 1 g) ( x 15), the mode of growth under consideration 
is on a much bigger scale and dominates the whole growth of the face. The 
stone is a clear octahedron mined in South Africa. There is a good deal of 
deviation from the ideal case shown in figure 1, nevertheless the relationship 
is evident. We have here a relatively rare example of a crystal face which has 
grown primarily both in this m anner as well as by trigon formation. The strongly 
outlined hexagonal central feature, which seems to start off with angles near 
90° and 150°, quickly transforms its character on moving to the edges, tending to 
become a crude 60° equilateral triangle.

We have sought through microphotographs published by other observers 
to see whether any examples of this particular hexagonal mode of growth have 
been recorded and overlooked. We have indeed found one clear example 
amongst 86 excellent micrographs of (111) faces recorded by A. F. Williams in 
his comprehensive book on diamond published in 1932. (There is amongst 
these photographs what may possibly be a second example but the evidence 
here is rather uncertain.) Although Williams had the opportunity of inspecting 
many thousands of stones yet he never, it seems, noticed this special mode of 
growth, despite its appearance in one of his published photographs. It is 
certainly of infrequent occurrence.
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It is shown that very sharp multiple-beam interference fringes can be produced with a high-power 3-mm 
lens of numerical aperture 0.95. The optical conditions necessary to secure high definition in the fringes 
are discussed. The arrangement described is used with lateral magnification of X1500. It can resolve in 
extension about 0.7/x and in depth about 50 A. The technique is illustrated by topographical studies on 
a dodecahedron face of a diamond. The fringes obtained are much superior to the best given by high-power 
two-beam interference microscopes. Volume elements as small as 5X10~i® cc can be resolved.

IT has usually been considerech that any attem pt to 
combine high-resolution microscopy with high- 

definition multiple-beam interferometry is likely to 
involve optical difficulties. The reasons for this have 
been adequately discussed. As a consequence of ex
perience, most of the multiple-beam interferometric 
topographical studies, published by various workers in 
different laboratories, have generally been restricted 
to microscopes with a power not exceeding that of a 
16-mm objective. The result has therefore always been 
that the interferograms have shown very high resolution 
in depth (at times approaching molecular dimensions) 
but have only exhibited mediocre lateral resolution at 
best.

I t  is the purpose of this note to describe how we now 
produce multiple-beam Fizeau fringes for topographical 
studies which not only have high interferometric 
sensitivity and precision but also have good lateral 
microscope resolution and magnification of a high- 
quality 3-mm dry objective with numerical aperture 
0.95. W ith this lens and suitable eyepiece and bellows 
magnification, we have secured very fine fringe defini
tion with a lateral magnification of X1500. When 
correctly used, with converging light, this lens can 
resolve laterally 0.35//. Since necessarily our interfero
metric illumination requires a parallel beam incident 
on the object, we might anticipate a t least a lateral 
resolution of 0.7//. We shall show th a t with this good 
lateral magnification and resolution we are still able to 
maintain fringe definition a t a very high standard, a 
m atter not formerly thought possible.

Apart from such considerations as the difficulties 
associated with small working distances and depth of 
focus restrictions, the two primary difficulties involved 
in securing good multiple-beam Fizeau fringes with such 
an objective are (a) the strict necessity for a small gap 
between the two surfaces and (b) the desirability of 
having as low a wedge angle as is possible. These 
conditions are together related in determining the phase 
lag of successive beams which is the principal factor 
affecting definition. As to the first condition, it is 
self-evident that the spacing between the surfaces 
increases with the numerical order of the interference

’ S. Tolansky, M ultiple Beam Interferometry (Oxford University 
Press, New York, 1948).

fringe observed, hence to reduce phase lag to a minimum, 
observation should be restricted to very low orders of 
interference, indeed only to the first two or three. So 
severe is the condition of small gap imposed at these 
high powers that the experimental conditions must be 
arranged such that the region under examination is 
close to a region of effective contact between the two 
surfaces. Such a region of contact we shall descriptively 
call the “zero” order and in such a region the separation 
between the two surfaces is everywhere less than X/2. 
According to the curvatures of the matched surfaces, 
this zero-order region may cover a large or small portion 
of the field of view, depending on the arrangements 
used.

As to the second condition, that of a small wedge 
angle, it has already been established^ that the phase 
retardation which leads to the fringe broadening is 
proportional to the square of the wedge angle between 
the two surfaces producing the fringes. Now the use 
of high magnification with Fizeau fringes (although 
not with fringes of equal chromatic order) necessarily 
imposes a wedge angle which can be considered quite 
large from the viewpoint of multiple-beam interferom
etry. The reason is clear, for it is evident tha t the 
fringes viewed must be sufficiently close together on the 
surface studied for a t least one pair to be included in 
the field of view. However, in accordance with the phase 
condition, the wedge angle should be restricted to the 
minimum possible. This means that fringe dispersion 
should therefore be as high as possible. This condition 
we have scrupulously obeyed here. In  fact, since the 
first factor, already discussed, restricts observation to 
but very few orders, the two conditions can be simul
taneously met by arranging to have high dispersion 
fringes in the field of view (and therefore very few in 
number) and selecting those fringes to be the first and 
second fringes following a zero-order position.

This is the condition we adopt. In our example 
illustrated here, fringes are some 30 mm apart on the 
plate (quite a high dispersion) which is viewed a t X 1500, 
from which it follows tha t the fringes are 1 /50th mm 
apart on the actual surface. For this to happen, a wedge 
angle of some 0.75° is required and, although relatively 
large, this is the smallest we can tolerate. I t  is note
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worthy th a t with such an angle the total effective cone 
of all the emerging beams, which contribute appreciably 
to the sharpening of the fringes, is considerable, for 
with our high reffectivities a t least 60 beams are 
effective. The emerging light to be collected for adequate 
definition therefore fills a considerable fraction of the 
lens aperture even when the N.A. is 0.95. Indeed, with 
so large a wedge angle a high numerical aperture 
collecting lens is an absolute essential if high fringe 
definition is to obtain. We have long been aware of the 
fact th a t high wedge angles and low-aperture lenses 
give very poor definition. Thus we have the fortunate 
coincidence that a high numerical aperture lens is 
essential both for the high lateral resolution sought 
and for the high interferometric fringe definition 
aimed at. (It is just possible tha t the emerging wide 
cone of rays m ay improve the lateral resolution. For 
although the initial incidence is by a parallel beam, 
the collected beam diverges to such an extent that 
lateral resolution m ay well be greater than that for 
incident parallel light and lie nearer to the optimum 
value for correct convergent illumination. A detailed 
analysis of this would assuredly be very complex.)

As an example of the application of our procedure we 
will illustrate from some studies we are making on the 
topographical features of a natural dodecahedron face 
of a diamond. Such faces are frequently found striated. 
This particular face has on it unique features. I t  was 
somewhat cylindrically curved and this enables us to 
isolate a zero-order region to suit our convenience. 
I t  is merely necessary to rest the diamond on the 
matching flat to be effectively in contact and so secure 
the im portant condition of zero order in the field of 
view. These observations were made with a Vickers 
projection microscope, which is of the inverted m etal
lurgical type for surface illuminating, the objective 
itself acting of course as a condenser of adequate 
numerical aperture. M ultiple-beam interference fringes

taken with a medium power lens, X 187.5, are shown in 
Fig. 1. This shows that there is a central patch region 
of zero order, surrounded with what are the equivalent 
of the multiple-beam N ew ton’s “ rings” for an approxi
m ately cylindrical surface. I t  is near this zero-order 
region which we proceed to examine with the high-power 
lens.

The key to the success of our observations lies in the 
use of an objective which has a correcting collar for 
correcting for cover glass -thickness, the correct cover 
glass being used as the m atching Hat for producing 
the fringes. We have failed completely to secure 
anything like comparable fringe definition from the 
uncorrected type of objective normally employed for 
uncovered workpieces. In our case the 3-mm lens, 
N.A. 0.95, was set with correcting collar for a cover 
glass thickness 0.02 mm of which we possess adequate 
stocks. Observations were to be made in refiection a 
condition imposed by the nature of the diamond 
available. A cover glass was selected and both diamond 
and cover glass coated with m ultilayers (seven) of 
alternate films of magnesium fluoride and zinc sulfide. 
As has already been discussed such multilayers are 
highly advantageous for reflection fringes.^ We have 
also repeated our observations satisfactorily with silver 
films of reflectivity exceeding 0.90. There is no difficulty 
in selecting a cover glass which is adequately flat over 
the very small field of view, which is a square of side 
a mere three-hundredths of a millimeter. I t  is easy 
enough to find regions as small as this which are flat to 
within a very small fraction of a light wave. Further
more it is the repeated experience of this Laboratory 
tha t glass which is fire-polished can exhibit an astonish
ing perfection of smoothness locally.

Figure 2, is a direct microphotograph ( X 1000) 
without interference, illustrating the nature of the 
surface of the diamond, taken with the 3-mm lens. 
The surface is seen to consist of a striking pattern of 
small parallelogram regions, each enclosing angles of

F i g .  1. M ultiple beam interference fringes of diamond taken 
w ith medium power lens, X  187.5.

F i g . 2. M icrophotograph ( X 1000) of diamond 
taken w ith 3-mm lens.

2 Belk, Tolansky, and Turnbull, J. Opt. Soc. Am. 44, 5 (1954).
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F i g .  3. Interference fringe pattern of diamond ( X 1000) 
taken with 3-mm lens.

70^° and 109J°. The sides are therefore strictly crystal- 
lographically oriented. We believe this form of growth 
in diamond has not previously been described. The 
parallelogram elements are small, ranging in area 
from some 5X10~® sq cm to some 2X10~® sq cm.

Figure 3 shows the interference fringe pattern  
secured a t XIOOO with the 3-mm lens. The in terpreta
tion is as follows. In  the upper half of the picture is 
the zero-order region. This consists of a pattern  of 
high-dispersion fringes running over the parallelograms 
of Fig. 2. The path  difference being here below X/2, 
therefore this is an interference pattern  of very high 
dispersion. There exists the condition of highly enhanced 
contrast due to the interference, a condition closely 
similar to tha t used in the crossed fringe technique,^ 
although here we deal with reflection fringes. The 
extremely high contrast in the fringe pattern  is, as 
formerly shown, prim arily due to the low absorption 
in the m ultilayer reflector.^

In the lower half of the picture are two fringes, 
respectively, the first and second orders of the multiple- 
beam New ton’s “ ring” system. The fringe definition 
in the first order is exceptionally good. On the original 
it is recognizable th a t the second order has broadened 
slightly, bu t appreciably, relative to the first order. 
This difference is due to the fact tha t the gap for the 
first order is X/2 and th a t for the second order is X. 
So sensitive is the definition to the gap a t these high 
magnifications tha t this slight increase in gap value 
makes a noticeable difference to the definition.

I t  is in these very sharp first and second orders that 
we have the combined high resolution both in lateral 
extension and in fringe definition. The fringe definition

is of the best, being adequate even for very exacting 
measurement. At X1500 the expected microscope 
resolution of 0.1 n corresponds almost exactly to 1 mm 
on the photographic plate. Comparison between micro
graph and the interferograms show that indeed the 
fringe pattern  is precisely contouring the surface 
detail to within the predicted resolution. I t  so happens 
fortuitously, tha t with the dispersion and fringe width 
adopted the widths of the fringes are themselves 
somewhat just below 1 mm. Fringe half-width is 
certainly less than l/3 0 th  order, much nearer l/50 th  
order in fact.

The interferograms reveal tha t the parallelogram 
features are small convex units. They vary in height 
from a mere 200 A to some 900 A. The boundaries are 
revealed to be sharply defined ruts or channels. I t  is 
not our purpose here to discuss the crystallographic 
interpretation of these observations. I t  is of course 
clear tha t the interferograms contain a good deal of 
crystallographic interest and this is under active study. 
jMost of these separate parallelogram regions are highly 
curved. The approximate curvatures can be computed 
from the fringe patterns by assuming tha t the elements 
are spherical segments. This is, of course, quite justified 
when the difference in scale in depth and in extension 
is recalled. Radii of curvatures vary from 0.67 mm to 
as little as 0.02 mm.

These features do not a t all resemble any of the 
etch patterns which we have recently produced experi
mentally in this Laboratory on dodecahedron faces of 
diamond. They are without doubt an intriguing growth 
characteristic.

We make a special point of drawing attention to the 
considerable superiority of the fringes of the kind shown 
in Fig. 3 over those obtainable with high magnification 
two-beam interference microscopes of types, for 
example, such as the Linnik interference microscope. 
We have in this Laboratory used a Zeiss-Linnik 
interference microscope equipped with 4-mm lenses and 
operating a t a magnification of X750. The two-beam 
cos- distribution fringes given by this instrum ent are of 
an altogether much lower order of sensitivity than are 
our multiple-beam fringes given with the 3-mm lens. 
This same superiority of our fringes is also clearly 
evident when they are matched with the numerous 
excellent two-beam fringes, recently shown by Grube 
and Rouze,^ taken with a Bausch & Lomb variant of 
the Linnik instrum ent. Grube and Rouze exhibit a 
considerable range of interferograms with magnifica
tions from X150 to X 1250. For two-beam fringes 
these are good, yet we regard such interferograms as 
crude when compared with corresponding multiple- 
beam fringes, such as those illustrated here.

I t  is of some interest to make a rough computation 
of the smallest element of volume resolvable with our 
present simple system. Taking generous limits, it is

3 W. L. Grube and S. R. Rouze, J. Opt. Soc. Am. 44, 851 (1954).
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clear th a t we can resolve an area element of say 
IjuXl//, and in this detection of a fringe displacement 
of l/5 0 th  of an order is a modest claim. (On a correctly 
exposed negative this would correspond to a whole 
fringe width. Experience demonstrates th a t one can 
always do better than this, bu t we shall adopt this as a 
safe upper limit.) Such a volume element is some 
5X10“ ®̂ cc. This quantity  m ay well be overestimated

by a factor of 2 or more, because of our generous 
tolerances. W ith the ability to resolve such small 
volumes, m any im portant fields such as those of etching, 
corrosion, polishing, crystal boundaries, etc. become 
amenable for exploration. In  these fields the early 
stages are frequently the m ost im portant, and the 
ability to detect and measure m inute pits will certainly 
prove useful.


