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~V,o(r)/~So = - i:rK79i(r)v/n(r) , [ 
~Y~n (r)/~sh = -- izrKZh(r)y,o(r) + i2:rKflh~,h (r) I 

(8) 

which  h o l d  also for  X- r ays ,  if zh(r) is r e a d  as t h e  F o u r i e r  
coef f ic ien t  of 4.~ t i m e s  t he  po la r i zab i l i t y  of t h e  c rys t a l  
w i t h  a p p r o p r i a t e  p o l a r i z a t i o n  fac to r .  T h e  b o u n d a r y  
c o n d i t i o n s  a t  t h e  e n t r a n c e  su r face  are  e x p r e s s e d  in 
s imi la r  f o r m  as in t he  o r d i n a r y  t h e o r y ,  n a m e l y  

V,o(re) = To(re ) | 
y'h(re) 0 ] (9) 

w h e r e  re is a p o s i t i o n  v e c t o r  on  t h e  e n t r a n c e  sur face ,  a n d  
T0(re ) t h e  a m p l i t u d e  of  t h e  i n c i d e n t  w a v e  in v a c u u m .  
T h e  f ac t  t h a t  b o t h  s ides  of (9) a re  s lowly  v a r y i n g  func-  
t ions  of  p o s i t i o n  i n s t e a d  of c o n s t a n t s  is i m p o r t a n t ;  
i n c i d e n t  w a v e s  o t h e r  t h a n  p l a n e  w a v e s  can  be  t r e a t e d  as 
well .  One  of t h e  m e t h o d s  of s o l u t i o n  of (8) is to  c o n v e r t  
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Fig. 1. Schematic drawing showing methods  of solution of 
equat ion (8). The upper  arrows and one of the lower ones 
are in the direction of the  incident  wave or of ko, and the 
other  lower one in tha t  of k h. The solutions at  P on the 
exit surface are determined by the  par t  of the incident  
wave falling between A and B, and can be calculated either 
by the me thod  of R iemann  functions or by successive 
numerical  calculations at  each mesh point.  

i t  i n to  s e c o n d - o r d e r  p a r t i a l  d i f f e ren t i a l  e q u a t i o n s  for  
Y'0 a n d  Vh, each  of wh ich  h a v e  a h y p e r b o l i c  f o r m  wh ich  
is capab le  of so lu t i on  by  t h e  m e t h o d  of R i e m a n n  func-  
t ions .  Th i s  m e t h o d  g ives  t h e  s o l u t i o n  a t  a p o i n t  P 
ins ide  or  on  t h e  ex i t  su r face  of t h e  c rys t a l  by  a sur face  
in t eg ra l  ove r  A B  (Fig. l) whe re  A a n d  B are  p o i n t s  on  
t h e  e n t r a n c e  sur face  such  t h a t  A P  a n d  B P  are,  respec-  
t ive ly ,  para l le l  to  k 0 a n d  kh. T h e  in t eg ra l  i nvo lves  T0(re) 
a n d  t he  R i e m a n n  f u n c t i o n  for th is  p a r t i c u l a r  p o i n t  P 
g iven  by  t h e  va lues  of Xh, ~ a n d  fla ins ide  t h e  t r i ang le  
P A B ,  a n d  i ts  de r iva t i ve s .  Th i s  r e su l t  is of t heo re t i ca l  
i m p o r t a n c e ,  s ince i t  shows  t h a t  on ly  va lues  of t h e  
a m p l i t u d e  of t he  i n c i d e n t  w a v e  fal l ing b e t w e e n  A a n d  B 
c o n t r i b u t e  to  t h e  w a v e  f u n c t i o n  a t  P ,  p r o v i d i n g  a 
t heo re t i c a l  basis  for  t he  c o l u m n  a p p r o x i m a t i o n  in t he  
e l ec t ron  case w h e r e  t he  t r i ang le  P A B  r educes  to  a t h i n  
c o l u m n  owing  to  t h e  smal l  B r a g g  angle .  E q u a t i o n  (8) 
is also capab le  of a n u m e r i c a l  so lu t ion .  I t  inc ludes  on ly  
t h e  d e r i v a t i v e s  ~Vo/~S o a n d  ~a/~Sh o u t  of fou r  poss ib le  
f i r s t -o rde r  ones .  Th i s  shows  t h a t  if we d iv ide  t h e  t r i ang le  
P A B  b y  a f ine m e s h  w i t h  axes  para l le l  to  k 0 a n d  ka,  
as s h o w n  in Fig .  1, t he  va lue  of Y'o a t  P ,  say,  is de t e r -  
m i n e d  b y  t h e  va lues  of V0 a n d  v/h a t  Q, a n d  t h a t  of V'n 
a t  P ,  b y  t hose  of  V0 a n d  ~h a t  R a n d  so on.  T h e  r e p e t i t i o n  
of th i s  p rocess  f r o m  the  t o p  su r face  A B  to  t h e  b o t t o m  
will  g ive  t h e  s o l u t i o n  a t  P .  

T h e  a u t h o r  w o u l d  l ike to  express  his  s incere  t h a n k s  to  
D r  A. R .  L a n g  for  his e n c o u r a g e m e n t  a n d  adv ice ,  a n d  
to  P ro f .  M. H .  L. P ryce ,  Prof .  F .  C. F r a n k  a n d  Dr  M. E.  
Fog l io  for t he i r  sugges t i ons  a n d  d iscuss ions .  F i n a n c i a l  
s u p p o r t  f r o m  t h e  E u r o p e a n  Office, Office of A e r o s p a c e  
I{esearch,  U S A F ,  is g r a t e f u l l y  a c k n o w l e d g e d .  
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T h i n  f i lms of t he  ru t i l e  m o d i f i c a t i o n  of t i t a n i u m  d iox ide  (100) sur faces  of TiC s ingle  c rys t a l s  b y  o x i d a t i o n  in air  
h a v e  been  g r o w n  b y  A s h b e e  & S m a l l m a n  (1962) on  t h e  a t  p r e s su re s  --- 10 -3 cm.  in t he  t e m p e r a t u r e  r ange  800 
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to  1000 °C. TiC is f a c e - c e n t r c d  cubic  w i t h  a = 4 . 3 2  A, 
a n d  ru t i l e  is b o d y - c e n t r e d  t e t r a g o n a l  w i t h  a = 4 . 5 9 ,  
c = 2 . 9 6  A. T h e  p r e s e n t  n o t e  r e p o r t s  t h e  i d c n t i f i c a t i o n  
of t h e  o r i e n t a t i o n  r e l a t i o n s h i p  b e t w e e n  t h e  ox ide  f i lm 
a n d  t h e  p a r e n t  c a rb ide  c rys ta l .  

T h e  o r i e n t a t i o n  of a f lake  of ru t i l e  w h i c h  h a d  been  
c l eaved  f r o m  t h e  TiC c rys t a l  was  d e t c r m i n e d  by  t a k i n g  
a series of X - r a y  osc i l la t ion  p h o t o g r a p h s .  F r o m  these  
p h o t o g r a p h s  it  was  e v i d e n t  that,  t h e  ox ide  g rows  w i t h  
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Fig. 1. T i t an ium atomic positions at  the carbide-oxide inter- 
face. Posit ions in TiC are denoted O,  positions in T i e  2 × .  
The arrows indicate one t)ossible set of small lateral move- 
ments  of Ti a toms which would be involved in the oxidat ion 
of this plane of TiC to T i e  2. 

i ts  (110) p l ane  para l le l  to  t h e  (100) TiC sur face .  E a c h  
p h o t o g r a p h  s h o w e d  re f lec t ions  f rom two  (110) ru t i l e  
f i lms w h i c h  are  o r t h o g o n a l l y  inc l ined  a b o u t  t h e  [110] 
axis.  

To  f ind  t h e  c o m p l e t e  o r i e n t a t i o n  r e l a t i onsh ip ,  a TiC 
c rys t a l  h a v i n g  its ox ide  sur face  l aye r  i n t a c t  was  e x a m i n e d  
b y  t a k i n g  g l anc ing - inc idence  osc i l la t ion  p h o t o g r a p h s ,  
t h e  axis  of osc i l la t ion  be ing  para l l e l  to  a cube  axis.  
I t  was  f o u n d  t h a t  t he  ru t i l e  t e t r a d  axis  is para l le l  to  one  
of t h e  TiC cube  axes  ly ing  in t h e  sur face  of t h e  c rys ta l  
so t h a t  t he  c o m p l e t e  o r i e n t a t i o n  r e l a t i o n s h i p  is 

(100) TiC [i (110) T i e  2 w i t h  [010] TiC II [001] T i e  2 . 

As before ,  t w o  s t r o n g  ru t i l e  p a t t e r n s  were  o b t a i n e d  
s i m u l t a n e o u s l y ,  c o r r e s p o n d i n g  to t he  two  poss ib le  or ien-  
t a t i o n s  of t h e  t e t r a d  axis  g iven  above .  

C o m p a r i s o n  of t h e  l a t t i ce  vec to r s  (x) w h i c h  de f ine  t he  
a b o v e  o r i e n t a t i o n  r e l a t i o n s h i p  shows  t h a t  

x[OlO]TiC/x[OO1]TiO 2 = 1.46 a n d  

x[001] T i C / x [ i  10] T i e 2  = 0.667 

w h i c h  m e a n s  t h a t ,  a t  t h e  ca rb ide -ox i ( i e  in te r face ,  t h r e e  
x [010]TiC v e c t o r s  f i t  two  x[001]TiO2 vec to r s  w i t h  a 
mi s f i t  of on ly  2 .74% a n d  t h a t  t w o  x[001]TiC vec to r s  
m a t c h  t h r e e  x [ l l 0 ] T i O 2  vec to r s  w i t h  no  mis f i t .  Con- 
s e q u e n t l y ,  we p o s t u l a t e  an  o x i d a t i o n  m e c h a n i s m  based  
on t h c  r e - a r r a n g e m e n t s  of t i t a n i u m  a t o m s  s h o w n  in 
Fig .  1. Th i s  invo lves  on ly  smal l  l a t e ra l  t r an s l a t i ons .  
D u r i n g  o x i d a t i o n  t he r e  is no  r e q u i r e m e n t  for  t i t a n i u m  
a t o m s  to (tiffuse o u t w a r d s  n o r m a l l y  to  t h e  p a r e n t  TiC 
(100) sur face  b u t  as each  success ive  shee t  of Ti  a t o m s  
r eac t s  t he r e  m u s t  be an  overa l l  u n i f o r m  m o v e m e n t  of t h e  
fu t i l e  f i lm a long  t h e  [100] TiC d i r cc t i on  to  a l low for  t h e  
d i f fe rence  in specif ic  v o l u m e .  

V~% are  i n d e b t e d  to  t he  D i r e c t o r  of B c r k e l e y  N u c l e a r  
L a b o r a t o r i e s  for  p e r m i s s i o n  to  p u b l i s h  th is  work .  
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C r y s t a l l o g r a p h i c  s t ud i e s  of s i lver  azide,  AgNs,  h a v e  
been  m a d e  b y  Bass iere  (1935), W e s t  (1936), H u g h e s  
(1935), P fe i f fe r  (1949), a n d  Dewing ,  H u g h e s ,  & Pfe i f fe r  
(1962). I t  c rys ta l l izes  in t h e  o r t h o r h o m b i c  space  g r o u p  
Ibam a n d  t h e  u n i t  cell d i m e n s i o n s  g i v e n  b y  p r e v i o u s  
i n v e s t i g a t o r s  a re :  

a0 b0 Co 
Bassiere 5.59 A 5.94 A 6"05 A 
West  5.59 5.91 5-97 
Hughes  5" 66 5.94 5" 99 
Dewing et al. 5-60 5.!)2 6.00 

* Contr ibut ion No. 2870 from the Gates and Crellin Labo- 
ratories of Chemistry.  

T h e  s t r u c t u r e  has  been  a c c u r a t e l y  d e t e r m i n e d  (Dewing ,  
H u g h e s ,  & Pfcif fer ,  1962); b u t  a c c u r a t e  cell d i m e n s i o n s  
a n d ,  hence ,  a c c u r a t e  b o n d  l e n g t h s  h a v e  been  lack ing .  
T h e  d e t e r m i n a t i o n  of t he se  d i m e n s i o n s  was  u n d e r t a k e n  
as an  u n d e r g r a d u a t e  research  p ro j ec t .  

T h e  p o w d e r  s a m p l e  was  p r e p a r e d  b y  m i x i n g  e q u i m o l a r  
so lu t ions  of s i lver  n i t r a t e  a n d  s o d i u m  azide  a n d  a l lowing  
t h e  p r e c i p i t a t e  to  f o r m  in t he  d a r k  ove r  n igh t .  T w o  
p o w d e r  p h o t o g r a p h s  were  t a k e n  w i t h  a S t r a u m a n i s - t y p e  
c a m e r a  w i t h  a n o m i n a l  r ad iu s  of 9.9662 cm.  us ing  Cu Ka 
r a d i a t i o n .  P o t a s s i u m  ch lo r ide  l ines were  s u p e r i m p o s e d  
on  one  of t h e  p h o t o g r a p h s  to  p r o v i d e  a check .  

T h e  a 1 a n d  a 2 d o u b l e t s  of t h r ee  h i g h  ang le  re f lec t ions  
w h i c h  cou ld  be  u n a m b i g u o u s l y  i n d e x e d  were  m e a s u r e d  


