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CHAPTER I  IITTERFEROIffilTRY -  THEORY AJTD PRACTICE

1*1 I n t r o d u c t io n

The s tu d y  o f  f a r - i n f r a r e d  s p e c t r a  by I n t e r f e r o m e t r i c  

m ethods I s  a  f a i r l y  r e c e n t  d ev e lo p m en t, a l th o u g h  th e  th e o ry  

h a s  b e e n  knoim  f o r  o v e r  s i x t y  y e a r s .  I t  i s  p ro b a b ly  t r u e  

t o  sa y  t h a t  th e  ch em ic a l s p e c t r o s c o p i s t  h a s  n o t  y e t  

a c c e p te d  th e  i n t e r f e r o m e te r  a s  an  e v e ry  day  to o l*

D e f in in g  th e  f a r - i n f r a r e d  r e g io n  a s  th o s e  f r e q u e n c ie s  

b e tw ee n  375 cm**̂  (KBr c u t  o f f )  and  10 cm*"̂  (1 mm), t h e r e  

a r e  a  num ber o f  r e a s o n s  vAy t h i s  r e g io n  h a s  n o t  b e e n  

e x te n s i v e l y  e x p lo r e d .  The m ost im p o r ta n t  r e a s o n  i s  due 

t o  th e  f a c t  t h a t  no so u rce  a d e q u a te ly  e m its  i n  t h i s  r e g io n ,

A b la c k  body r a d i a t o r  h a s  th e  e n e rg y -w a v e le n g th  d i s t r i b u t i o n  

shown i n  f i g u r e  [ l , l ] .  The f a r - i n f r a r e d  p a r t  o f  t h i s  c u rv e  

i s  sh a d e d . The m in u te  p e rc e n ta g e  o f  f a r - i n f r a r e d  r a d i a t i o n  

e m i t te d  by  a  b la c k  body means t h a t  th e  a v a i l a b l e  e n e rg y  i n  

t h i s  r e g io n  m ust be  u s e d  a s  e f f i c i e n t l y  a s  p o s s i b l e .  T h is ,  

u n t i l  r e c e n t l y ,  h a s  u n f o r tu n a te ly  n o t  b een  a c h ie v e d .  I t  

was n o t  u n t i l  1947 t h a t  G olay in v e n te d  th e  d e t e c t o r  t h a t  

now b e a r s  h i s  nam e. The l i m i t a t i o n  on th e  d e t e c t i v i t y  o f  

th e  G olay  d e t e c t o r  i s  s e t  by  th e  i n t r i n s i c  n o is e  o f  any  

d e v ic e  o p e r a t in g  a t  300®K, The l i q u i d  h e liu m  b o lo m e te r  

w hich  o p e r a te s  a t  1 *5°K i s  a  f a r  more s e n s i t i v e  d e t e c t o r
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b u t  i s  n o t  g e n e r a l l y  a v a i la b l e *  B e s id e s  th e  l a c k  o f

s u i t a b l e  d e t e c t o r s  th e  p o o r  u s e  o f  th e  a v a i l a b l e  e n e rg y  was
to

d u e / th e  a b se n c e  o f  good an d  s u i t a b l e  d i s p e r s i v e  m a t e r i a l s  

f o r  u s e  i n  p rism s*  F o r t u n a te ly  ro c k  s a l t  c r y s t a l s  c o u ld  

be  fo u n d  n a t u r a l l y  b u t  t h i s  o n ly  a l lo w e d  s p e c t r a  t o  b e  

m easu red  down t o  650 cm“ ^ . O nly i n  1930 w ere th e  f i r s t  

s y n t h e t i c  c r y s t a l s  o f  p o ta s s iu m  b ro m id e  m ade, e x te n d in g  

th e  s p e c t r a l  r e g io n  down t o  375 .

The a l t e r n a t i v e  m ethod  o f  d i s p e r s i o n  t o  th e  p r is m  i s  

th e  g r a t i n g .  The f i r s t  one f o r  u s e  i n  a n  i n f r a r e d
3

s p e c t r o m e te r  was made by  Wood an d  T ro w b rid g e  i n  1910 *

T here  i s  a  d i s t i n c t  e n e rg y  g a in  w ith  a  g r a t i n g  com pared  

t o  a  p r i s m . F o r  i n s t a n c e  a t  1000 cm^^ a  2 ,3 0 0  l i n e s  p e r  

in c h  g r a t i n g  h a s  s i x  f o l d  e n e rg y  g a in  com pared  w ith  a  60® 

HaCl p r i s m . When th e  M erton  sc rew  f o r  r e p r o d u c t io n  o f  

g r a t i n g s  becam e a v a i l a b l e  i t  was i n e v i t a b l e  t h a t  g r a t i n g  

in s t r u m e n ts  w ould  r e p l a c e  p r is m  o n e s  e x c e p t  f o r  th e  s im p le s t  

a p p l i c a t i o n s ,  Even a l lo w in g  f o r  th e  e n e rg y  g a in  o b ta in e d  

u s in g  a  g r a t i n g  i t  c a n  b e  shown t h a t  s l i t  s p e c t r o m e te r s  do 

n o t  u s e  t h i s  a v a i l a b l e  e n e rg y  i n  th e  m ost e c o n o m ic a l m anner. 

I n  f a c t  th e  lo w e r th e  f r e q u e n c y  o f  r a d i a t i o n  c o n s id e r e d  

th e  lo w e r  i s  th e  l i g h t  g ra s p  o f  a  p r is m  s p e c t r o m e te r .

By l i g h t  g ra s p  we mean th e  r e l a t i v e  q u a n t i t y  o f  r a d i a t i o n
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from  a  s o u r c e ,  a s  m easu red  by  th e  p r o d u c t  o f  s o u rc e  a r e a  

and  s o l i d  a n g le  su b te n d e d  b y  th e  s o u r c e ,  w h ich  e ac h  

s p e c t r o s c o p ic  sy s tem  c an  t r a n s m i t  t o  a  d e t e c t o r  f o r  th e  

same s p e c t r o s c o p ic  r e s o l u t i o n ,  A g r a t i n g  s p e c t ro m e te r  

h a s  a  s l i g h t l y  h ig h e r  l i g h t  g ra s p  th a n  a  p r is m  in s t r u m e n t  

b u t  i s  s t i l l  n o t  a  g r e a t  d e a l  more e f f i c i e n t .  B ecause  o f  

th e  u n s a t i s f a c t o r y  n a tu r e  o f  th e  p r is m  an d  g r a t i n g  

s p e c t r o m e te r  i n  th e  v e ry  f a r  - i n f r a r e d  o t h e r  ty p e s  o f  

s p e c t r o m e te r  h av e  b e e n  so u g h t a s  a n  a l t e r n a t i v e .  One 

a l t e r n a t i v e  t h a t  h a s  p ro v e d  p a r t i c u l a r l y  s u c c e s s f u l  i s  

th e  M ic h e lso n  i n t e r f e r o m e t e r .  The f i r s t  sp e c tru m  o f  

c h e m ic a l i n t e r e s t  o b ta in e d  w ith  a n  i n t e r f e r o m e t e r  was 

p u b l i s h e d  i n  1956 • Thus v/e s e e  t h a t  th e  r a i s o n  d * e t r e  

f o r  th e  a p p l i c a t i o n  o f  i n t e r f e r o m e t r y  t o  th e  s tu d y  o f  th e  

f a r - i n f r a r e d  r e g io n  was th e  in a d e q u a c y  o f  th e  s l i t  

s p e c t r o m e te r  i n  t h i s  r e g io n ;  th e  a d v a n ta g e s  o f  th e  

i n t e r f e r o m e t e r  o v e r  th e  s l i t  s p e c t ro m e te r  w i l l  b e  g iv e n  

l a t e r .
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1*2 B r i e f  h i s t o r y  o f  I n te r f e r o m e tr y

6
I n  1891, M ichel so n  showed t h a t  th e  i n t e n s i t y  a t  

th e  d e t e c t o r  o f  a  two beam in te r f e r o m e te r  o f  v a r i a b l e  

p a th  l e n g th  i s  th e  c o s in e  F o u r ie r  t ra n s fo rm  o f  th e  

sp e c tru m  e m an a tin g  from  th e  s o u rc e .  I t  f o l lo w s  t h a t  

th e  c o s in e  F o u r ie r  t r a n s fo rm  o f  th e  in te r f e r o g r a m  s h o u ld  

y i e l d  th e  sp e c tru m  i t s e l f ,  In te r f e ro g ra m  I s  th e  

c o n v e n t io n a l  name f o r  th e  p l o t  o f  i n t e n s i t y  o f  r a d i a t i o n  

f a l l i n g  on th e  d e t e c t o r  v e rs u s  th e  p a th  d i f f e r e n c e  

b e tw een  th e  two beam s i n  th e  i n te r f e r o m e te r .  G e n e ra l ly  

th e  c a l c u l a t i o n  o f  th e  F o u r ie r  tra n s fo rm  r ^ q n l r e d  t o  

y i e l d  a l l  s p e c t r a l  e le m e n ts  i s  p r o h i b i t i v e l y  lo n g  an d  a  

co m p u ter i s  r e a l l y  n e c e s s a r y .  I t  i s  f o r  t h i s  r e a s o n  t h a t  

M ich e lso n  o n ly  u s e d  th e  in te r f e ro g ra m  to  r e s o lv e  th e  f i n e  

s t r u c t u r e  o f  c e r t a i n  s p e c t r a l  l i n e s  in  th e  v i s i b l e  p a r t  

o f  th e  sp e c tru m . A lth o u g h  h i s  c a l c u l a t i o n s  d i d  n o t  y i e l d  

th e  e x a c t  p o s i t i o n  o f  th e  p a r t i c u l a r  band  s t u d i e d ,  th e y  

d i d  i n d i c a t e  w h e th e r  th e  band  h a d  s t r u c tu r e  o r  n o t .  The 

f i r s t  f a r  i n f r a r e d  sp ec tru m  o b ta in e d  i n t e r f e r o m e t r i c a l l y  

was c a l c u l a t e d  by  R ubens and  Wood a lth o u g h  i t  i s  p ro b a b le  

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

w ork .

P r e s e n t  day  in te r f e r o m e t r y  s p r in g s  from  th e  a t t e m p ts
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by F e l l g e t t  to  m easure  th e  sp ec tru m  o f  th e  n i g h t  s k y . 

A p p a re n tly  i n  1949 he com m unicated to  Golay t h e  fu n d a m e n ta l 

a d v a n ta g e  o f  s p e c t ro g ra p h !c  m easurem ents o v e r  s p e c t r o m e t r i c
7

o n es  ; t h i s  ad v an tag e  h a s  become known a s  th e  F e l l g e t t  o r

m u l t ip le x  a d v a n ta g e . He u se d  two b a la n c e d  b o lo m e te r s  t o

r e c o r d  th e  i n t e r f e r o m e t r i c  p a t t e r n  p ro d u ced  by  a  n a rro w

a i r  wedge b e tw een  two g la s s  p l a t e s ,  th e  so u rc e  b e in g

fo c u s s e d  on t h i s  w edge. One b o lo m e te r  r e c o rd e d  th e  l i g h t

t r a n s m i t t e d ,  th e  o th e r  t h a t  r e f l e c t e d .  By r e c o r d in g  th e

i n t e r f e r e n c e  p a t t e r n  up t o  th e  1 0 0 th  o rd e r  o f  i n t e r f e r e n c e

an d  ta k in g  th e  F o u r ie r  t r a n s fo rm  o f  t h i s  p a t t e r n  o b s e rv e d

F e l l g e t t  was a b le  to  o b ta in  s p e c t r a  o f  m ercury  a n d  c& rbon

a r c s  i n  f a i r  ag reem en t w ith  th e  c o n v e n tio n a l s p e c t r a l

m easu rem en ts o f  th e s e  so u rc3 S , S u b seq u en t s t u d i e s  b e g a n

in d e p e n d e n t ly  a t  Jo h n  H opkins U n iv e r s i ty  and  th e  C e n tre

N a t io n a le  de l a  R echerche  S c i e n t i f i q u e ,  B e ll  v u e , F r a n c e ,

The f i r s t  p u b l is h e d  f a r - i n f r a r e d  spectrum  o f  c h e m ic a l

i n t e r e s t  came from  Jo h n  H opkins U n iv e r s i ty ;  G ebb ie  a n d

V an esse  o b ta in e d  th e  sp ec tru m  o f  w a te r  v a p o u r b e tw ee n

60 and  120 cm~^ w ith  re a s o n a b le  ag reem en t w ith  th e

t h e o r e t i c a l l y  c a l c u l a t e d  sp ec tru m . The e x te n s iv e  work

p e rfo rm e d  a t  B e llv u e  i s  a d m ira b ly  sum m arised i n  a  s e r i e s
8 —11

o f  a r t i c l e s  t h a t  a p p e a r  i n  Revue d  O p tiq u e , G ebb ie

c o n t in u e d  h i s  i n t e r e s t  in  in te r f e r o m e tr y  a t  IT ,P ,L ; th e
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s u b j e c t  d e v e lo p e d  so  r a p id ly  t h a t  im p o r ta n t  C o n fe re n c e s  

to o k  p la c e  a t  B e llv u e  i n  1957 an d  N ,?,L * i n  1959 .

In o r g a n ic  s o l i d s  were f i r s t  i n v e s t i g a t e d
13

i n t e r f e r o m e t r i c a l l y  i n  1962* Adams and G eb b ie  o b ta in e d  

th e  s t r e t c h i n g ,  b e n d in g  and  l a t t i c e  mode v i b r a t i o n s  o f  a  

num ber o f  com plex h a l i d e s .  S in c e  1962 t h e r e  h a s  b e e n  

c o n s id e r a b le  in c r e a s e  i n  the  num ber o f  p a p e r s  p u b l i s h e d  

e a c h  y e a r  w hich have  q u o ted  in t e r f e r o m e t r i c  r e s u l t s #

T h is  i s  m ain ly  due t o  th e  a v a i l a b i l i t y  o f  th e  f i r s t  

com m erc ia l in s t ru m e n t ,  th e  P S -520 , m a n u fa c tu re d  by  R e s e a rc h  

an d  I n d u s t r i a l  In s tru m e n ts  Co, A lth o u g h  t h i s  i n t e r f e r o m e t e r  

h a s  b e e n  e x te n s iv e ly  u se d  th e r e  h a s  n o t  b e e n  t o  d a te  a  

c r i t i c a l  a n a ly s i s  o f  i t s  p a r t i c u l a r  a d v a n ta g e s  a n d  f a u l t s #

The key e x p e rim e n t t h a t  d e m o n s tra te d  th e  a c t u a l  

a d v a n ta g e  o f  in te r f e r o m e tr y  o v e r s l i t  s p e c tro m e try ,  a s  i s  

t h e o r e t i c a l l y  p r e d i c t e d ,  was p e rfo rm ed  a t  B e l l  T e lep h o n e
13

L a b o r a to r i e s  by  R ic h a rd s , T hree  in s t r u m e n ts ,  a  d i f f r a c t i o n  

g r a t i n g  m onochrom ator, a  l a m e l l a r  g r a t in g  i n t e r f e r o m e t e r  

a n d  a  M ich e lso n  in te r f e r o m e te r  w ere a l l  o p e ra te d  w ith  th e  

same s o u rc e  and  same d e te c to r ,  t i iu s  p r o v id in g ,  f o r  th e  

f i r s t  t im e  a d i r e c t  com parison  on th e  r e l a t i v e  m e r i t s  o f  th e  

two ty p e s  o f  s p e c tro m e te r .  The d e t e c t o r  u s e d  was a l i q u i d  

h e liu m  b o lo m e te r  o p e ra te d  a t  1 *2*R c o n n e c te d  to  th e  e x i t
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s l i t  o f  th e  above in s t ru m e n t  by a 1 m etre  l i g h t  p ip e *  

th e  s o u rc e  was a  c o n v e n tio n a l  h ig h  p r e s s u r e  m ercu ry  a r c  

lam p i n  a fu s e d  q u a r tz  j a c k e t .  F o r th e  i n t e r f e r o m e t e r s  

r e s o l u t i o n  , a p p ro a c h in g  0*1 cm~^ was o b ta in e d  i n  th e  

r e g io n  3 -8 0  cm~^, C om parison o f  th e  r e s u l t s  o b ta in e d  w ith  

th e  i n t e r f e r o m e t e r  when u se d  a t  r e s o l u t i o n s  e q u iv a le n t  t o  

t h a t  o f  th e  g r a t i n g  s p e c tro m e te r  showed t h a t  t h e  s i g n a l  to  

n o i s e  r a t i o  o f  th e  fo rm e r in s tru m e n ts  were a t  l e a s t  t h r e e  

t im e s  b e t t e r  th a n  th o se  w ith  th e  l a t t e r .  T h is  i s  e n t i r e l y  

i n  k e e p in g  w ith  th e  F e l l g e t t  a d v a n ta g e .

The m ost p ro m is in g  r e c e n t  developm ent i n  com m erc ia l 

i n t e r f e r o m e t e r s  i s  th e  u se  o f  an  ano logue  com pu ter i n  

c o n ju n c t io n  w ith  th e  i n t e r f e r o m e te r .  T h is  sy s tem  a l l e v i a t e s  

th e  t e d io u s  t im e -w a s te  in  w a i t in g  f o r  th e  sp e c tru m  to  b e  

com puted  on a  d i g i t a l  sy s te m . R esea rch  an d  I n d u s t r i a l  

I n s t ru m e n ts  Company m an u fa c tu red  th e  FTC-100 sy s tem  w hich  

b a s i c a l l y  i s  an  PS-620 in te r f e r o m e te r  and a  a n a lo g u e  

co m p u te r .
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1*3 T h e o ry .

C o n s id e r  a s  a  model a no rm al two-beam i n t e r f e r o m e t e r .  

Assume t h a t  a beam s p l i t t e r  s e p a r a te s  th e  i n c i d e n t  

r a d i a t i o n  i n to  two e q u a l beams c a u s in g  a  p a th  d i f f e r e n c e  A 

when th e  two beams r e - u n i t e .  I n  t h i s  hyp o t h e t i c a l  

e x p e r im e n t we s h a l l  g iv e  A  a l a r g e s t  v a lu e  L • t h a t  i s  

t o  say  A. changes from  -L  th ro u g h  z e ro  to  +L. The p r i n c i p l e  

o f  th e  i n te r f e r o m e te r  has i t s  o r i g i n  i n  th e  wave th e o r y  o f  

l i g h t .  S im ple wave th e o ry  s t a t e s  t h a t  t h e  p h a se  d i f f e r e n c e  

b e tw een  two beams o f  m onochrom atic l i g h t  a f t e r  r e - u n i t i n g  

i s  [ (27T ^) X p a th  d i f f e r e n c e ]  o r  - ^ ^ ~ ; X i s  th e  w a v e le n g th  

o f  th e  l i g h t ,  v/ave th e o ry  a l s o  s t a t e s  t h a t  a  l i g h t  b ean  

c an  be r e p r e s e n te d  by a s c a l a r ,  4), w ith

^ : = a s i n  (w t-S ) [ l ]

[u) = p e r io d ,  t  = tim e , (  = p h a se  c o n s ta n t ,  a -  a m p litu d e
c o n s t a n t ]

C o n s id e r  f i r s t  the  in te r f e r e n c e  o f  two u n e q u a l beam s o f  

l i g h t  o f  th e  same f re q u e n c y . T ak in g  e q u a t io n  [1 ]  a s  a 

m odel th e y  can  be r e p r e s e n te d  a s

= Si s i n  (w t- f i  )

^  = Qq s i n  ( ^ t—̂  )

U sin g  th e  p r i n c i p l e  o f  s u p e r p o s i t io n  o f  l i g h t  th e  r e s u l t a n t
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w i l l  be g iv e n  by

^ = a i  s i n  i f i t - i i  ) + % s i n  ( w t - 4  )

= s i n w t  {a± cos S i  + og co s ) -c o sw  t  ( s i  s i n  S i  +

8g B i n ^ g )  [2 ]

To s im p li f y  [2 ] p u t

A s i n  S = a i  s i n  61 + Sg s i n  Sq

A COS S = &1 cos 5 1 + ag cos J g

?:q u a t io n  [2 ] now re d u c e s  to  th e  form

k = A s in  (out -  S )

where
2 2 2 / r  r \

A = a i  + eg + 2  SiSg co s {dz - h±)

and

ta n  i  =s (a i  s i n  S i  + a^ s i n S g ) / ( a i  c o s  S i  + cos g )

I f  now a i = Sg a a  ( s a y ) ,  a s  i s  th e  c a se  i n  a n  i n t e r f e r o m e t e r

m odel w here b o th  beams have th e  same s o u rc e ,  th e n  A th e

a m p litu d e  c o n s ta n t  ta k e s  th e  s p e c i a l  form  ;

A ss 2a^ [1 + co s iSz -  S i ) ]

= 4a" cos" (& Z ^__) [3 3
2
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The sq u a re  o f  the  am p litu d e  c o n s ta n t  i s  o f  c o u rs e  

p r o p o r t io n a l  to  th e  i n t e n s i t y  o f  the  l i g h t  beam . A ls o  

(fg -  S i )  r e p r e s e n ts  th e  phase  d i f f e r e n c e  b e tw een  th e  

two beams and i s  e q u a l  to  (2i r / ^ a s  s t a t e d  a b o v e . I t  i s  

c o n v e n tio n a l  in  ch em ica l sp e c tro sc o p y  to  u se  wave num bers 

i n s t e a d  o f  w av e le n g th s  * u s in g  th e  r e l a t i o n  X c » 1 , w here 

< T is th e  wave num ber ( in  cm~  ̂ ) ,  th e  phase  d i f f e r e n c e  

becom es and  on s u b s t i t u t i n g  t h i s  i n  e q u a t io n  [3 ]

one o b ta in s

A =5 4a . coa^ (iro^A), [4]

R e v e r t in g  back  t o  th e  co sin e  form  from  t h i s  h a l f - c o s i n e  

fo rm ,

A = 2a^ [1 + cos (2TT^d) ] . [5 ]

The r i g h t  hand  s id e  o f  t h i s  e q u a t io n  c o n s i s t s  o f  a  c o n s t a n t  

p a r t  and  a v a r i a b le  p a r t .  The v a r i a b l e  p a r t ,  i f  p u t  e q u a l  

t o  1 (d ) g iv e s

I  (A) = 2 a   ̂ Q Q Q  ( 2 T T 0 ^ d )  [ 6 ]

I f  th e  p a th  d i f f e r e n c e  betw een th e  two beams i s  c h a n g in g  

l i n e a r l y  w ith  tim e th e  r e s u l t a n t  i n t e n s i t y  o f  th e  

m onochrom atic  beam a f t e r  s e l f - i n t e r f e r e n c e  v a r i e s  

s i n ,u s o i d a l l y  w ith  t im e , and anyway alw ays v /ith  p a th  d i f f e r e n c e ,
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I n  a  r e a l  system  th e  r a d i a t i o n  w i l l  v a ry  b e tw ee n , 

s a y , Oi and  and th e r e  w i l l  be on a r b i t r a r y

s p e c t r a l  i n p u t  B (o j .  I f  th e  same argum en ts a s  above 

a r e  g iv e n  e q u a t io n  [7 ]  now ta k e s  th e  form  :

1 ( a )  = B ( f )  co s (a-rrffa ).

cT = (Ti 

o r  i n  th e  l i m i t  orA (<^) ■* J o "

1(A ) = j  B (o) co s (2ir OA). [8 ]

E q u a tio n  [8 ]  m arks th e  p o in t  w here i n t e  r f e  rome t r y  th e o ry  

t a k e s  o v e r  from  wave th e o ry . 1 ( d ) ,  th e  s i g n a l  d e t e c t e d  

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

i n te r f e r o g r a m ,  an d  i s ,  a s  e q u a t io n  [8 ] im p l i e s ,  th e  

F o u r i e r  t r a n s fo rm  (c o s in e  p a r t )  o f  th e  s p e c t r a l  i n p u t .  

S in c e  F o u r i e r  t r a n s fo r m a tio n  i s  a r e c i p r o c a l  o p e r a t io n ,  

t h a t  i s  t o  say  t h a t  two f u n c t io n s  A and  B m ust b e  F o u r ie r  

t r a n s fo r m s  o f  each  o th e r ,  i f  one i s  knov/n t o  b e  th e  

t r a n s fo rm  o f  th e  second , th e n  B (d) m ust be  th e  F o u r i e r  

traiJETorm o f  th e  in te r f e ro g ra m  1 ( d ) ,

th u s  < +

B(cr) = j 1(A) cos (2'TTcrA)J<r [9 ]

—
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T h is  I s  th e  fu n d am e n ta l r e l a t i o n s h i p  o f  i n t e r f e r o m e t r y ,  

and  t e l l s  one how to  r e - c r e a t e  th e  spectrum  from  th e  

I n te r f e r o g r a m ,

S in ce  a c o s in e  i s  an  even  f u n c t io n  (and  s in c e  

t h e o r e t i c a l l y ,  th e  e x p e r im e n ta l  in te r f e ro g ra m  i s  

sy m m etrica l a b o u t z e ro  p a th  d i f f e r e n c e )  one can  r e - w r i t e  

e q u a t io n  [9 ] a s

ro d
B(cr) = 2 1 1 (d ) co s (2ir d4)dA.

Od

b

q u a tio n  [9 ] h a s  im p lie d  t h a t  th e  p a th  d i f f e r e n c e  

h a s  v a r i e d  from  t o  +<so . As m entioned  above t h i s

i s  n o t  so and v a r i e s  i n  f a c t  from  a f i n i t e - L  to  +L.

T h is  means t h a t  th e  sp ec tru m  one m easures i s  n o t  B (cT) b u t  

B* (o') where
^+L

b ‘ ( cr) = \ 1 (d )  COS (2TrdA)dA.
-L

I t  i s  c o n v e n ie n t  to  r e p r e s e n t  t h i s  as in  e q u a t io n  [1 0 ]  to

in t r o d u c e  th e  im p o r ta n t  te rm  APODI217i.TIOjJ. 
r  + oo

B'(er) = 1(A).P(A). COS (2'rrrfû)d4.. [10]
-

P(A ) i s  th e  r e c t a n g u l a r  f u n c t io n  d e f in e d  by ;

P(A) = 1, -L 4  A, /  L, P(û.) =0, |A |>|l,(
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The shape o f  t h i s  f u n c t io n  i s  shown b e lo w .

f=CA)

The r i g h t  hand  s id e  o f  e q u a t io n  [10] In v o lv e s  th e  

p ro d u c t  o f  two f u n c t io n s  o f  ^  ; B '(cf) e q u a ls  th e  F o u r i e r  

t r a n s fo rm  o f  t h i s  p ro d u c t.. The c o n v o lu t io n  th eo rem  s t a t e s  

t h a t  th e  F o u r ie r  t r a n s fo rm  o f  a p ro d u c t  o f  two f u n c t io n s  i s  

e q u a l  t o  th e  c o n v o lu t io n  o f  th e  two in d iv id u a l  F o u r i e r  

t r a n s fo r m s .  The c o n v o lu t io n  o f  two f u n c t io n s  h ( t )  and  

g ( t )  i s  k ( r )  where

k ( r ) J g ( r )  h ( t - r )  d r .
o.-oO

Now th e  F o u r ie r  t r a n s fo rm  o f  1(A) i s  B(cr) p r e c i s e l y .  

P u t t i n g  th e  F o u r ie r  t r a n s fo rm  o f  F(A) e q u a l  to  G(cr') f o r

th e  moment we se e  on a p p ly in g  th e  c o n v o lu t io n  th eo rem

B ' ( o i )  = f  BCoô.GCcr-eri"). dû,'''" [ i l ]

The o b se rv e d  sp ec tru m  i s  th e r e f o r e  th e  c o n v o lu t io n  o f  th e
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a c tu a l  sp ec tru m  v /ith  th e  f u n c t io n  T h is  f o n c t io n

i s  commonly c a l l e d  th e  INSTRUMENTAL FUNCTION, The i d e a l  

in s t r u m e n ta l  f u n c t io n  w ould he  G(ef) = .(T w here

J 0^ , 0' i s  th e  Krone eke r  d e l t a .  The Krone eke r  d e l t a  ^  

i s  d e f in e d  hy ^  s  1 i f  a  a  h  and z e ro  o th e r w is e .

I n  t h i s  c a se  one w ould f i n d  B* (o^ = B (d^.

I n  in te r f e r o m e t r y  th e  form  o f  th e  in s t r u m e n ta l  

f u n c t io n  a r i s e s  t o  a l a r g e  e x te n t  from  th e  f a c t  t h a t  o n ly  

a f i n i t e  maximum p a th  d i f f e r e n c e  can  be ta k e n  a n d  th u s  i t  

i s  v e ry  im p o r ta n t  to  c o n s id e r  th e  F o u r ie r  t r a n s fo rm  o f

T h is  f u n c t io n  was d e f in e d  e a r l i e r  a s  a  r e c t a n g u l a r

f u n c t io n ;  th e  F m ir ie r  tra n s fo rm  o f  t h i s  i s  g iv e n  by
s i n  (KO^

0 (0 )  = —  =Si(K<j)

where K i s  an  a r b i t r a r y  c o n s ta n t .  Si(K<y) c o n t r i b u t e s  t o  

a  l a r g e  e x te n t  t o  th e  in s t r u m e n ta l  f u n c t io n .  The 

c o n v o lu t io n  o f  th e  sp ec tru m  w ith  8i(K(T) i s  a u to m a t i c a l l y  

im p lie d  when th e  F o u r ie r  t r a n s fo rm  o f  a f i n i t e  maximum 

p a th  le n g th  in te r f e ro g ra m  i s  com puted n u m e r ic a l ly .  T h is  

f u n c t io n  [Si(K <r)] i s  p l o t t e d  i n  F ig u re  [1 * 2 ] . From t h i s  

F ig u re  i t  i s  s e e n  t h a t  th e  in s t ru m e n ta l  f u n c t io n  Si(Kcr^ 

q u ic k ly  g o es to  z e ro  a s  one moves a lo n g  th e  ^t>oiGsa 

t h a t  th e r e  i s  a  q u i te  l a r g e  se co n d a ry  msxinniiiDwhich w ould  

c o n s id e r a b ly  d i s t o r t  a n  a b s o r p t io n  band .
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I t  I s  p o s s ib le  to  re p la c e  the  r e c ta n g u la r  fu n c tio n  

F(A ), which as s t a te d  above i s  im p lic i t  i n  num erical 

c a lc u la t io n s ,  by a n o th e r  fu n c tio n  A (A) which i s  more 

s u i te d  to  sp e c tro sco p ic  problem s; such a  fu n c tio n  i s  

c a l le d  an APODISHTQ fu n c tio n *  The value o f  i s  m erely 

re p la c e d  by 1 (A ) ,A (A ).b e fo re  th e  num erical tran sfo rm  I s  

perform ed. The most common ap o d isin g  fu n c tio n  i s  th e  

c o -c a l le d  t r ia n g u la r  fu n c tio n  d e fin ed  by

(A) = 0 M > I U

The shape o f t h i s  fu n c tio n  i s  shown below t
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T h is  a p o d is in g  f u n c t io n  c a u s e s  th e  in s t ru m e n ta l  f u n c t io n  

to  be  o f  th e  form

G(cr) = ^sln(Kcr)j° = Cl’* (K<r)

The p l o t  o f  t h i s  fu n c t io n . I s  shown a l s o  I n  F lgu j?e [l?2 ]. 

A lth o u g h  i t  g o es  more s lo w ly  t o  z e ro  th a n  8 i  (Ko") th e  

se c o n d a ry  maximum i s  f u r t h e r  from  c e n t r a l  maximum an d  i s  

much l e s s  p ro n o u n c e d . A lth o u g h  a  b e t t e r  p r o f i l e  o f  an  

a b s o r p t io n  b an d  i s  o b ta in e d  i n  t h i s  way th e  e f f e c t i v e  

r e s o l u t i o n  o f  th e  sp e c tru m  i s  ro u g h ly  h a lv e d  when com pared  

w ith  th e  raw  u n a p o d ie e d  sp e c tru m , a s  w i l l  b e  shown l a t e r .  

F o r  th e  programme w r i t t e n  f o r  th e  in te r f e r o m e te r  u s e d  i n  

c o n n e c tio n  w ith  t h i s  t h e s i s  a  n o v e l a p o d is in g  f u n c t i o n  h a s  

b e e n  u s e d ;  n o v e l i n  th e  se n se  t h a t  i t  h a s  n o t  b e e n  u s e d  

b e fo r e  i n  in te r f e r o m e t r y  b u t  i s  q u i te  w e ll  known i n  o t h e r  

a p p l i c a t i o n s .  The f u n c t io n  u s e d  i s

P(û.) = f o r  -L  i  L

F(û.) =■ 0 for IN > |L|

T h is  im p l ie s  one i s  u s in g  a  m a in ly  r e c ta n g u la r  f u n c t i o n  a s  

in s t r u m e n ta l  f u n c t io n .  T heory  p r e d i c t s  t h a t  t h i s  sy s te m  

s h o u ld  have a  h ig h e r  r e s o l u t i o n  th a n  sy stem s u s in g  a  

t r i a n g u l a r  f u n c t io n  a s  a p o d i s e r .  T h is  h a s  n o t  b e e n  c h e c k e d  

by  t e s t i n g  v a r io u s  a p o d is e r s  b u t  th e  s p e c t r a  o b ta in e d  h av e
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b e e n  q u i te  s a t i s f a c t o r y .  The programme i t s e l f  a n d  i t s  

f e a t u r e s  w i l l  be  d e s c r ib e d  i n  th e  n e x t  s e c t i o n .

T here  i s  no o b v io u s  a n a lo g u e  o f  th e  s l i t s  o f  a  

c o n v e n t io n a l  s p e c t ro m e te r  i n  an  i n te r f e r o m e te r .  I t  

m ig h t a p p e a r ,  th e re fo re ^  t h a t  th e  r e s o l u t i o n  o f  an  

i n t e r f e r o m e t e r  was m ere ly  a  f u n c t io n  o f  d e s ig n  a n d  th e r e  

was no  v a r i a b le  p a ra m e te r  w ith  w hich t o  v a ry  t h i s  

r e s o l u t i o n .  I n  f a c t  th e  r e s o l u t i o n  o f  a  p a r t i c u l a r  

sp e c tru m  i s  p r o p o r t io n a l  t o  th e  maximum p a th  d i f f e r e n c e  

t a k e n .  T h is  c an  be shown by  assum ing  t h a t  th e  R a y le ig h  

c r i t e r i o n  f o r  r e s o l u t i o n  o f  two m onochrom atic b a n d s  i s  

s a t i s f a c t o r y .  T h is  c r i t e r i o n  r e q u i r e s ,  t h a t  f o r  two b a n d s  

t o  b e  r e s o lv e d ,  th e  c e n t r a l  maximum o f  th e  one b an d  m ust 

n o t  f a l l  o v e r  th e  minimum o f  th b  seco n d  b a n d . T h is  i s

i l l u s t r a t e d  below

To b e  r e s o lv e d  from  th e  above b an d , th e  maximum o f  a 

se c o n d  b an d  m ust n o t  f a l l  be tw een th e  l i n e s  A an d  B.
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A m onochrom atic  b a n d , a s  m en tio n ed  e a r l i e r ,  i s

c o n v o lu te d  to  an  o b s e rv e d  b an d  t h a t  h a s  th e  sh a p e  o f

th e  in s t r u m e n ta l  fu n c t io n *  C o n s id e r  a raw  u n a p o d is e d

sp e c tru m  from  a n  i n t e r f e r o m e t e r .  I t  was shown above  t h a t

a  f i n i t e  maximum p a th  l e n g th  im p lie d  a n  i n s t r u m e n ta l

f u n c t io n  o f  fo rm  s i n  (Kor). F o r a  m onochrom atic
(Koy

a b s o r p t io n  B(<r) th e  e x a c t  fo rm  o f  th e  o b se rv e d  b a n d  I s  

B* (<r) = s i n  \ 2ir( A <t)L 1
2t t ( n.cr)L

w here L a s  b e fo r e  i s  maximum p a th  d i f f e r e n c e  ta k e n .  The

s p e c t r a l  r e s o l u t i o n  o f  B* (or) can  be o b ta in e d  by  f i n d i n g

w here ( a )  f i r s t  g o es  z e r o ,  i . e .  th e  h ig h e r  th e

r e s o l u t i o n  th e  n a rro w e r  th e  in s t ru m e n ta l  f u n c t i o n .

P u t t i n g  B* (O') = 0 r e q u i r e s  2Tr(^(T) L = ir o r ^ c f  = i  •
2L

Thus th e  r e s o l u t i o n  i s  p r o p o r t io n a l  to  maximum p a th  

d i f f e r e n c e .

F o r an  a p o d is e d  sp e c tru m  w ith  a  t r i a n g u l a r  a p o d is in g  

f u n c t io n  th e  e x a c t  form  o f  B ’ ( o') I s

a n d  th e  same a rg u m en ts  a s  b e fo r e  y i e l d  AO' = ~  , The 

r e s o l u t i o n  o f  a sp e c tru m  i s  ro u g h ly  h a lv e d  t h e r e f o r e  i f  

i t  i s  a p o d is e d  v /ith  a  t r i a n g u l a r  f u n c t io n .



19 .

The ru n d a m e n ta l a d v a n ta g e  o f  in to r f e r o m e t r y  was f i r s t
7

s t a t e d  by  F e l l g e t t  i n  1950 . He showed t h a t  u s in g  a  

s in g l e  c h a n n e l d e t e c t o r  to  m easure a l l  th e  s p e c t r a l  

e le m e n ts  s im u lta n e o u s ly  i s  a n a lo g o u s  t o  s p e c t r o g r a p h ic  

m ethods o f  d e t e c t i o n  and  h a s  g r e a t  a d v a n ta g e  o v e r  d i r e c t  

m eth o d s; he  c a l l e d  such  fo rm s o f  s p e c tro s c o p y  m u l t ip le x  

s p e c t ro s c o p y . Suppose t h a t  th e r e  a re  N s p e c t r a l  e le m e n ts  

t o  be  m easu red  i n  a  tim e  T. W ith  a s l i t  s p e c t ro m e te r  

e a c h  e le m e n t i s  scan n ed  f o r  a  tim e  T /ÎI. W ith  a n  

i n t e r f e r o m e t e r  e a c h  e le m e n t i s  scan n ed  f o r  th e  w hole  

tim e  T. F o r  in s t ru m e n ts  whose n o is e  i s  n o t  in c r e a s e d  by  

th e  a r r i v a l  o f  s e v e r a l  s p e c t r a l  e le m e n ts  s im u lta n e o u s ly  

i t  i s  w e ll  known t h a t  th e  a c c u ra c y  o f  th e  m easu rem en ts v a ry  

a s  th e  s q u a re  r o o t  o f  th e  t o t a l  tim e  f o r  th e  m easu rem en t.

F o r  th e  s l i t  s p e c tro m e te r  t h i s  a cc u ra c y  A i , s a y , i s  (T/ÏT)% 

w h ile  f o r  th e  i n t e r f e r o m e te r  th e  a c c u ra c y  Ag i s  T %  , The 

r a t i o  Aig /A i i s  th u s  w hich  i n p l i e s  t h a t  th e  i n t e r f e r o m e t e r  

h a s  a  d i s t i n c t  a d v a n ta g e  o v e r  th e  c o n v e n tio n a l  s p e c t r o m e te r  

w hich  i s  g r e a t e r  th e  l a r g e r  th e  s p e c t r a l  ran g e  c o n s id e r e d .  

T h is  a d v a n ta g e  i s  commonly s t a t e d  i n  th r e e  d i f f e r e n t  b u t  

e q u iv a le n t  ways s -

( l )  F o r a  g iv e n  tim e  o f  m easurem ent th e  s ig n a l  t o  n o is e  

r a t i o  o f  th e  i n t e r f e r o m e t e r  i s  NVa tim e s  b e t t e r  th a n  w i th  

a  c o n v e n t io n a l  in s t ru m e n t .
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(2 )  To a c h ie v e  a  g iv e n  s i g n a l  t o  n o is e  r a t i o  th e  tim e  

r e q u i r e d  w ith  th e  i n t e r f e r o m e t e r  i s  o n ly  V N  t h a t  o f  th e  

c o n v e n t io n a l  in s t r u m e n t .

(3 )  F o r th e  same tim e  a n d  s i g n a l  to  n o is e  r a t i o  t h e r e  i s  

a g r e a t e r  r e s o l u t i o n  (u n d e f in e d )  w ith  th e  i h t e r f e r o m e t e r  

a s  com pared  w ith  th e  c o n v e n t io n a l  in s t r u m e n t .
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1*4 Programme

I t  was m en tio n ed  e a r l i e r  t h a t  th e  c o s in e  was a n  

e v en  f u n c t io n  and  t h a t  t h i s  im p lie d  t h a t  th e  in te r f e r o g r a m  

f u n c t i o n  I  (A.) sh o u ld  a l s o  be e v e n , i . e .  I  (A) = I ( -A ) ,

Thus a l l  th e  in fo rm a tio n  a b o u t th e  sp ec tru m  i s  c o n ta in e d  

i n  one h a l f  o f  th e  in te r f e r o g r a m . A n o th e r  i m p l i c a t i o n  

o f  th e  f a c t  t h a t  b o th  c o s in e  and  in te r f e r o g r a m  a r e  e v e n  

fu n c t io n s  i s  t h a t  th e  f u n c t io n  I  (A) can be r e p r e s e n te d  by  

a s e r i e s  o f  c o s in e s  o n ly . F o r th e s e  two r e a s o n s  i t  i s  

common t o  compute n u m e r ic a l ly  w hat i s  c a l l e d  a  * s i n g l e 

s id e d  c o s in e  F o u r ie r  tr a n s fo rm * . Only one h a l f  o f  th e  

in te r f e r o g r a m  i s  u se d  to  c a l c u l s t e  th e  c o s in e  F o u r i e r  

c o e f f i c i e n t s .  A program m e was a v a i l a b l e  f o r  t h i s  w r i t t e n  

by D rl J .  R. Thompson o f  th e  M athem atics D e p a rtm en t,

T h is  program m e h a s  b een  e x te n s iv e ly  u se d  b u t  f o r  s e v e r a l  

r e a s o n s  h a s  n o t  a lw ay s b een  s a t i s f a c t o r y ;  t h i s  i s  n o t  

th e  f a u l t  o f  th e  programme b ecau se  t h i s  c a l c u l a t e s  e x a c t l y  

v/hat i t  i s  a sk e d  t o  c a l c u l a t e .  D e v ia t io n  from  th e  

sy m m e tr ic a l in te r f e ro g ra m  can  be c au sed  i n  two w ays.

The m ost common v/ay o c c u rs  i n  th e  p ro c e s s  o f  d i g i t i s i n g ;  

a t  8 m icro n  i n t e r v a l s  o f  A  th e  v a lu e  o f  1(A) I s  d i g i t i s e d  

o n to  p a p e r  ta p e  and i t  i s  e s s e n t i a l  f o r  t h e r e  to  b e  a  

r e a d in g  on ta p e  a t  zero  p a th  d i f f e r e n c e  when A. = 0 .

I f  th e r e  i s  no r e a d in g  on th e  ta p e  t h a t  c o r re s p o n d s  t o  

t h i s  th e n  a  p h a se  e r r o r  i s  a u to m a t ic a l ly  g iv e n  to  th e
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d i g i t a l l y  sam pled  In te r f e ro g r a m , and  i t  no lo n g e r  i s  on 

e v en  f u n c t io n  even  i f  i t  i s  i n  f a c t  even  a s  f a r  a s  th e  

in s t r u m e n ta l  o u tp u t  i s  c o n ce rn e d . The o th e r  p o s s ib l e  

r e a s o n  f o r  l o s s  o f  th e  even  f u n c t io n  o c c u rs  when th e  

o p t i c s  a r e  n o t  c o r r e c t l y  a l l ig n e d *  in  t h i s  c a s e  an  

u n sy m m e tr ic a l in te r f e ro g ra m  r e s u l t s  and ev en  i f  t h e r e  i s  

a  r e a d in g  on ta p e  c o rre sp o n d in g  t o  A =  0 th e  a c t u a l  

i n te r f e r o g r a m  i s  n o t  e v en , ivhen e i t h e r  o f  th e  above 

f a u l t s  o c c u r  i n  th e  in te r f e ro g ra m , a c tu a l  o r  m easu red , 

a  c e r t a i n  amount o f  in fo rm a tio n  i s  l o s t  i n  th e  s in e  p a r t  

o f  th e  F o u r ie r  t r a n s fo rm , w hich ta k e s  c a re  o f  th e  u n ev en  

p a r t  o f  th e  f u n c t io n .  Computed s p e c t r a  from  u n sy m m e tr ic a l 

in te r f e r o g r a m s  show a  m arked ’ skewness* an d  th e  i n t e n s i t i e s  

o f  th e  b a n d s  a re  c o n s id e ra b ly  d i s t o r t e d .  To overcom e th e s e  

d i f f i c u l t i e s  a  programme h a s  b e en  w r i t t e n  t h a t  com putes 

b o th  th e  s in e  an d  c o s in e  F o u r ie r  tra n s fo rm s  o f  th e  

in te r f e r o g r a m ;  th e  a c tu a l  sp ec tru m  r e q u i r e d  i s  d e r iv e d  

from  th e  in d iv id u a l  t ra n s fo rm  by ta k in g  th e  sum o f  th e  

s q u a re s  o f  th e s e .  I f  a t  (T cuT^ th e  s in e  an d  c o s in e  

t r a n s fo r m s  a re  8 ( 0 ) and  C(cr) r e s p e c t iv e ly ,  th e n  th e  p r o p e r  

s p e c t r a l  i n t e n s i t y  i s  g iv e n  by B(<r) where

(cr) = o'" (<r) + (cr)

I t  sh o u ld  b e  n o t ic e d  t h a t  i f  th e  in te r f e ro g r a m  i s  ev en  th e n
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th e n  S(cî') = 0 and  th e  above r e l a t i o n  re d u c e s  t o  

B((t) = C(cr)

To p e rfo rm  t h i s  ty p e  o f  c a l c u l a t i o n  b o th  s id e s  o f  th e  

in te r f e r o g r a m  a re  r e q u i r e d  and  i s  g e n e r a l ly  c a l l e d  a  

" d o u b le - s id e d  s in e  sq u a re d  p lu s  c o s in e  s q u a re d "  t r a n s fo r m . 

T here  a r e  a  num ber o f  s e t - b a c k s  w ith  t h i s  m ethod , and  

th e s e  w i l l  be  d e a l t  w ith  i n  a  l a t e r  s e c t i o n .

The programme h a s  b e en  w r i t t e n  in  b o th  E l l i o t t  803 

and  A t l a s  (H a rw e ll)  A lg o l ,  The E l l i o t t  program m e u t i l i s e s  

a  C reed  t e l e p r i n t e r  a s  a p l o t t e r  v /h ile  th e  A t l a s  v e r s io n  

i s  w r i t t e n  to  ta k e  u se  o f  th e  f a c i l i t y  o f  an  o f f - l i n e  g ra p h  

p l o t t e r .  The number o f  o c c a s io n s  s in e s  and  c o s in e s  a r e  

u s e d  i n  th e  c a l c u l a t i o n s  w ould make th e  programme 

p r o h i b i t i v e l y  lo n g  i f  th e s e  were c a l c u l a t e d  e a c h  tim e  a s  

r e q u i r e d  e v en  i n  a low  r e s o l u t i o n  s tu d y , A co m p u ter 

n o rm a lly  sums a  c o n v e n ie n t i n f i n i t e  s e r i e s  e a c h  tim e  a 

t r ig o n o m e t r i c a l  f u n c t io n  i s  r e q u i r e d .  To sav e  t h i s  w a itin g  

o f  t im e , a l l  th e  s in e s  and  c o s in e s  t h a t  a r e  p o s s ib l y  r e q u i r e d  

a r e  c a l c u l a t e d  b e fo r e  th e  programme p ro p e r  b e g in s  a n d  p la c e d  

i n  th e  s t o r e .  Suppose t h a t  th e r e  a r e  2N+1 p o i n t s  i n  th e  

in te r f e r o g r a m  c o rre sp o n d in g  to  v a lu e s  o f  I  «"A) ( a c t u a l l y  

p r o p o r t i o n a l  t o  A ) w ith  v a ry in g  i n t e g r a l l y  from  -N th ro u g h  

z e ro  to  N, A. 11 p o s s ib le  c o s in e s  r e q u i r e d  c a n  b e  in c lu d e d
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i n  th e  e x p re s s io n  cos (2 it2/ÏT) where Z a ls o  c an  v a ry

i n t e g r a l l y  b e tw een  0 and  2N, These (2N+1) c o s in e s  (and.

h e n ce  s in e s )  a r e  q u ic k ly  c a l c u l a t e d  and s to r e d  a s  two

a r r a y s . The f i r s t  s ta g e  p ro p e r  i n  th e  c a l c u l a t i o n  i s

to  make th e  a v e ra g e  v a lu e  o f  I ( ^ )  z e ro  by an  u n u s u a l

w e ig h tin g  p r o c e s s .  The v a lu e  o f  P d e f in e d  by  th e  r e l a t i o n
N-1

p = [V .K ii) + V* (-n) + Va ^  1 (a) 3/H
A > -N+1

i s  s u b t r a c t e d  from  e ach  v a lu e  I ( ^ )  to  g iv e  a new s e t  o f  

num bers l ’ (Ai) s a y .  The c o s in e  and  s in e  com ponents a r e  now 

s e p a r a te d  by ta k in g  s u i t a b l e  l i n e a r  c o m b in a tio n s  o f  

I* (A) and  I * ( - A ) ,  From th e  a r r a y  I* (A), 4  « -N . . .  n ,  

th e  two a r r a y s  C (^ ) and 8 (A ), A  = 0 , 1 . , . , N, a r e  s e t  up a s  

shown i n  e q u a t io n

G  ( A )  =  f l * ( - A )  +  I *  ( A ) ]

S(A) = [I'(A) - I ' ( - A ) ]

T hese  two f u n c t io n s  a r e  even  and  odd r e s p e c t i v e l y  a n d  

c o s in e  and  s in e  F o u r ie r  t r a n s fo rm s  s u f f i c e  f o r  e a c h  

f u n c t io n  w ith o u t  l o s s  o f  in fo rm a t io n .  A t  t h i s  s t a g e  th e  

a p o d is a t io n  i s  in t r o d u c e d ;  a  t y p i c a l  term  C(A) i s  

m u l t i p l i e d  by s in ( 'irZ /ÏJ ) /(2  Z/ÎT) t o  g iv e  a new a r r a y  o f  

te rm s  C *(A ), The f i r s t  an d  l a s t  te rm s a re  g iv e n  h a l f  

w e ig h t i n  th e  F o u r ie r  t r a n s fo rm s  t h a t  fo l lo w . C o n s id e r in g
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j u s t  th e  c o s in e  t r a n s fo rm , th e  C '(A ) a r r a y  p ro d u c e s  

a n o th e r  a r r a y  C*P(K), K = 0 ,1  . . .  IT, o f  F o u r i e r  

c o e f f i c i e n t s  d e f in e d  by

IT

C 'P (K ) = C '(A ) co s  (KAir/îî)

A= 0

I t  w i l l  be n o t ic e d  t h a t  in  a 500 p o in t  d o u b le  s id e d  

t r a n s fo rm  a p p ro x im a te ly  65 ,000  c o s in e s  w i l l  be  r e q u i r e d  

a l th o u g h  th e r e  w i l l  be  a t  m ost o n ly  1 ,0 0 0  d i f f e r e n t  o n es 

u s e d .  T h is  a c c o u n ts  f o r  th e  s e t t i n g  up o f  th e  c o s in e  

a r r a y .

Each o f  th e  (K + l) F o u r ie r  c o e f f i c i e n t s  i s  c a l c u l a t e d  

i n  tu r n  u s in g  a  c o n v e n t io n a l  doub le  loop  i n  th e  program m e. 

P r o v is io n  i s  made to  e n su re  t h a t  KA'n'/îî i s  l e s s  th a n  2ir 

by  s u b t r a c t i n g  u n i t s  o f  2 t t  from  i t  u n t i l  t h i s  c o n d i t io n  

i s  s a t i s f i e d .  T h is  i s  r e q u i r e d  b ecau se  o n ly  c o s in e s  f o r  

a n g le s  l e s s  th a n  2ir e x i s t  i n  th e  a r r a y .  A s i m i l a r  

p ro c e d u re  i s  u se d  to  c a l c u l a t e  th e  s in e - F o u r i e r  c o e f f i c i e n t s ,  

an d  th e  t r u e  a b s o r p t io n  i n t e n s i t y  i s  g iv e n  by  th e  s q u a re  

r o o t  o f  th e  sums o f  th e  sq u a re s  o f  c o rre sp o n d in g  s in e  a n d  

c o s in e  F o u r ie r  c o e f f i c i e n t s .  S ta n d a rd  p ro c e d u re s  a r e  u s e d  

f o r  th e  p l o t t i n g  o f  th e  sp e c tru m  depend ing  on w h e th e r  th e  

803 t e l e p r i n t e r  o r  A t l a s  g rap h  p l o t t e r  i s  u s e d .
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B oth  program m es a re  g iv e n  i n  th e  a p p e n d ix  t o  t h i s  

c h a p te r .  The f i r s t  one w r i t t e n  f o r  th e  E l l i o t t  r e q u i r e s  

th e  A 104 A lg o l c o m p ile r  w h ile  th e  se co n d  program m e u s e s  

th e  c o m p ile rs  a s  shown a t  th e  to p  o f  th e  program m e.
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1*5 D e s c r ip t io n  o f  I n t e r f e r o m e te r .

The I n t e r f e r o m e te r  u s e d  i n  th e  work c o n n e c te d  w ith  

t h i s  t h e s i s  v;as a  p r o to ty p e  PS-520 m an u fac tu red  by  

R e se a rc h  and  I n d u s t r i a l  In s t ru m e n ts  Company, A b lo c k  

d iag ram  i s  shown i n  F i g u r e [1 * 3 ] . Many f a u l t s  w ere 

e n c o u n te re d  w ith  th e  in s t ru m e n t  and  can  be  v a r i o u s ly  

d e s c r ib e d  a s  b e lo n g in g  t o  th e  fo l lo w in g  c a t e g o r i e s ;

( a )  m e c h a n ic a l, ( b )  e l e c t r o n i c ,  ( c )  vacuum, ( d )  o p t i c a l  

and  ( e )  com puting  t r o u b l e s .  T hese w i l l  be d i s c u s s e d  i n  

d e t a i l  i n  th e  n e x t  s e c t i o n .

The o p t ic a  o f  t h e  system  a re  v e ry  s im p le  and  c a n  

be  v e ry  b r i e f l y  d e s c r ib e d .  R e f e r r in g  to  F ig u re  [1 * 3 ] , 

r a d i a t i o n  from  th e  so u rc e  ( s )  i s  c o l l im a te d  by  th e  co n cav e  

m ir r o r  (A) and  r e f l e c t e d  to w a rd s  th e  beam s p l i t t e r  by  th e  

p la n e  m ir r o r  (B ), The beam s p l i t t e r  d iv id e s  th e  r a d i a t i o n  

i n t o  two beams b o th  o f  w hich a re  r e f l e c t e d  b y  p la n e  m i r r o r s ,  

one o f  w hich i s  f i x e d  (d )  w h ile  th e  o th e r  can  b e  moved on  

an  a x i s  p e ip e n d ic u la r  to  i t s e l f  (c). The reco m b in ed  beam 

i s  condensed  by th e  concave m ir r o r  ( s )  and b r o u g h t  t o  a n  

in te r m e d ia te  fo c u s  i n  th e  c e l l  h o u s in g  by th e  convex 

m ir r o r  ( P ) ,  The s a n p le  i s  n o rm a lly  p la c e d  i n  th e  c e l l  

h o u s in g  a t  t h i s  fo c u s . A f t e r  p a s s a g e  th rough  th e  sam ple 

th e  beam i s  b ro u g h t t o  a  f i n a l  fo c u s  by the  G a s s e g r a in ! a n  

sy stem  o f  m ir r o r s  (g )  and  ( n ) ,  t h i s  f i n a l  fo c u s  f a l l i n g  on
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th e  window o f  th e  d e t e c t o r .

The m ir ro r  (C) i s  moved a lo n g  th e  o p t i c a l  a x i s  by  

th e  d r iv e  u n i t ;  t h i s  i s  b a s i c a l l y  a LAPPED p i s t o n  a n d  

c y l in d e r  sy s tem . The p i s t o n  on one end c a r r i e s  th e  

p la n e  m ir r o r  (C) and  a t  th e  o th e r  end  th e  one h a l f  o f  

a  M oire g r a t i n g .  The r a t e  a t  w hich th e  p a th  d i f f e r e n c e  

ch an g es  i s  tw ic e  t h a t  o f  th e  m ir ro r  movement r a t e .

The M oire system  c o n s i s t s  o f  th e  g r a t in g  m en tio n ed  above 

a lo n g  w ith  a  f i x e d  g r a t i n g  in  a  s e p a ra te  c a s t i n g  h e ld  

a b o u t 50 m ic ro n s  from  th e  m oving o n e . The sy s tem  i s  

d e s ig n e d  to  e n su re  t h a t  r e l a t i v e  r o t a t i o n  o f  one g r a t i n g  

w ith  r e s p e c t  to  th e  o th e r  i s  im p o s s ib le .  L ig h t  from  th e  

M oire lamp i s  c o l l im a te d  and shadows o f  th e  f r i n g e s  

p ro d u c e d  a f t e r  p a s sa g e  o f  th e  l i g h t  th ro u g h  th e  g r a t i n g s  

i s  fo c u s e d  on a  p h o t o c e l l .  A t 4  m icrons i n t e r v a l s  o f  

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

i s  s u f f i c i e n t  to  t r i g g e r  o f f  th e  mechanism t h a t  r e c o r d s  

d i g i t a l l y  th e  i n t e n s i t y  o f  r a d i a t i o n  f a l l i n g  on th e  G o lay  

d e t e c t o r .  The s ig n a l  d e te c te d  by th e  G olay i s  a l s o  

d is p la y e d  v i s u a l l y  on a  s t r i p  c h a r t  r e c o r d e r ,  A t y p i c a l  

in te r f e r o g r a m  i s  shown in  F ig u re  [1 * 4 ].

The c e l l  h o u s in g  i s  f a s te n e d  to  one s id e  o f  th e  m ain 

t a n k ;  b o th  o f  w hich  a r e  e v ac u ab le  in d e p e n d e n tly  by  a  r o t a r y
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vacuum pump. The s o u rc e  i s  a  h ig h  p re s s u re  m e rc u ry  lam p , 

w a te r  c o o le d ,  and chopped a t  12*5 c y c le s  p e r  second*  

th e  d e t e c t o r  u se d  i s  a  G olay d e te c to r  w ith  a diam ond 

window.
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1*6 F a u l t s  e n c o u n te re d  w ith  th e  F3-520 I n t e r f e r o m e t e r .

As m en tio n ed  p r e v io u s ly  th e  k in d s  o f  't e e t h in g *  

p ro b lem s a s s o c i a t e d  w ith  th e  PS-520 can be p la c e d  i n  

th e  fo l lo w in g  g e n e ra l  c a t e g o r i e s ;  a )  m e c h a n ic a l, 

b )  e l e c t r o n i c ,  c )  vacuum , d ) o p t i c a l ,  and  e )  co m p u tin g  

t r o u b l e s .  T hese w i l l  e ach  be b r i e f l y  d is c u s s e d ,

(a )  The m ec h an ica l t r o u b le s  o c c u r re d  m ain ly  when th e  

o ld e r  ty p e  o f  d r iv e  was f i t t e d .  T h is  d r iv e  c o n s i s t e d  

o f  a  s t a i n l e s s  s t e e l  c a b le  w hich c o n n e c te d  th e  g e a r  box  

t o  th e  p i s t o n .  The movement o f  th e  p i s to n  was n o t  a lw ay s 

p e r f e c t ,  and  i r r e g u l a r  p u n c h in g  o c c u rre d  a t  t im e s .  T h is  

i s  n o t  v e ry  s e r io u s  a t  r e l a t i v e l y  slow  d r iv e  sp e e d s  

b e c a u se  th e  p u n c h in g  i n t e r v a l  i s  a f u n c t io n  o f  d i s t a n c e  

r a t h e r  th a n  t im e , A few s p e c t r a  how ever, t h a t  w ere 

r e c o rd e d  im m e d ia te ly  b e fo re  th e  c a b le  snapped  w ere q u i t e  

m e a n in g le s s , b u t  t h i s  was n o t  r e a l i s e d  u n t i l  i t  was known 

t h a t  th e  c a b le  h ad  i n  f a c t  b ro k e n . O c c a s io n a l ly  when th e  

p r e s e n t  d r iv e  a p p e a rs  t o  be s t i c k i n g  s l i g h t l y ,  movement 

o f  th e  p i s t o n  a t  maximum sp eed  backw ards an d  fo rw a rd s  

a lo n g  th e  le n g th  o f  th e  d r iv e  two o r  th r e e  t im e s ,  t o  

r e - d i s t r i b u t e  th e  l u b r i c a n t ,  g e n e r a l ly  p ro d u c e s  o sm ooth 

d r iv e  a g a in .

(b )  The e l e c t r o n i c  t r o u b le s  e n c o u n te re d  g e n e r a l l y  

m a n if e s te d  th e m se lv e s  a s  u n u su a l f e a t u r e s  on th e
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in te r f e r o g r a m . The m ost common f a u l t  was f o r  a  s p ik e  

to  a p p e a r  on th e  m o n ito red  in te r f e ro g ra m  e ac h  t i n e  a  

d a ta  p o in t  was b e in g  punched , Som etim es th e  v a lu e  

p u n ch ed  on th e  ta p e  c o rre sp o n d e d  t o  a p o s i t i o n  o f  th e  

p e n  r e c o r d e r  a c t u a l l y  on a  s p ik e .  T h is  r e s u l t e d  i n  a 

n o is y  in te r f e ro g r a m  and a c o n se q u e n tly  n o is y  sp e c tru m .

On a num ber o f  o c c a s io n s  t h i s  f a u l t  c o r r e c te d  i t s e l f  

b u t  a t  o th e r  t im e s  e a r th in g  v a r io u s  p a r t s  o f  th e  

e l e c t r o n i c s  was r e q u i r e d  t o  rem edy t h i s ,  .A nother a n n o y in g  

f e a t u r e  t h a t  o c c u r re d  o c c a s io n a l ly  was f o r  an  o v e r a l l  

good in te r f e ro g r a m  to  have a s e r i e s  o f  r e g u l a r  bumps on 

i t .  T h is  was an  i n f u r i a t i n g  b u t  g e n e r a l ly  o n ly  

tem p o ra ry  f a u l t .  I t  was th o u g h t to  be  due t o  a d i r t y  

th e r m o s ta t  o r  th e  l i k e  b e in g  u se d  by somebody e ls e w h e re  

i n  th e  d e p a r tm e n t,

( c )  and  (d )  I n i t i a l l y ,  a g r e a t  d e a l  o f  t r o u b le  was 

e n c o u n te re d  in  o b ta in in g  r good vacuum in  th e  c e l l  h o u s in g , 

C le a n in g  and  r e g r e a s in g  th e  0 - r in g s  on th e  p o r t s  h a d  no 

e f f e c t ;  th e  f a u l t  was found  e v e n tu a l ly  to  b e  a p o o r  

c o n n e c tio n  be tw een  th e  G olay and  th e  sam ple cham ber,

Even when th e  sam ple cham ber was p r o p e r ly  e v a c u a te d  i t  was 

s t i l l  th o u g h t t h a t  i t  was in a d e q u a te  and t h a t  w a te r  v a p o u r 

b a n d s  w ere c re e p in g  o n to  th e  sp e c tru m . T h is  was i n  f a c t  

a n  o p t i c a l  f a u l t  an d  n o t  e vacuum o n e . The b an d s t h a t  h ad
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b e en  a t t r i b u t e d  to  w a te r  vap o u r w ere th e  w e ll  known 

c h a n n e l s p e c t r a  t h a t  a re  e q u a l ly  w e ll known i n  

c o n v e n tio n a l  sp e c tro s c o p y , C hannel s p e c t r a  a r i s e  from  

i n t e r f e r e n c e  o f  th e  o p t i c a l  beam betw een  th e  two f a c e s  

o f  a p a r a l l e l  t h i n  s h e e t .  I f  th e  th ic k n e s s  o f  th e  s h e e t  

i s ^  cm, an d  th e  s e p a r a t io n  o f  th e  b ands o f  th e  c h a n n e l 

sp e c tru m  i s  \  cm"*̂  th e n  th e  two a re  r e l a t e d  by  2^3^ = l .

The m ost common c a u se s  o f  th e  ch cn n e l s p e c t r a  i n  i n t e r -  

f e ro m e try  a r e  ( a )  th e  b la c k  p o ly th e n e  f i l t e r  u s e d  t o  

rem ove r a d i a t i o n  above 450 cm*”" an d  (b )  th e  q u a r tz  

e n v e lo p e  o f  th e  m ercury  s o u rc e . The so u rc e  i n  th e  PO-520 

i s  now adays s p e c i a l l y  roughened  on th e  s u r f a c e  t o  a v o id  

t h i s  f a u l t  b u t  th e  b la c k  p o ly th e n e  (whose th ic lc n e s s  

c o rre sp o n d e d  to  t h a t  p r e d ic te d  by th e  c h an n e l sp e c tru m ) 

was q u i te  sm ooth . A f te r  sq u e ez in g  t h i s  i n  a  v ic e  th e  

c h a n n e l s p e c t r a  d is a p p e a re d .

One o f  th e  m ost im p o r ta n t  o p t i c a l  p ro b lem s was th e  

c o n s t r u c t io n  o f  an  a d eq u a te  beam s p l i t t e r .  The beam 

s p l i t t e r  i s  r e a l l y  th e  weak l i n k  o f  an  i n t e r f e r o m e t e r ,  

th e  r e s t  o f  th e  in s tru m e n t  b e in g  e n t i r e l y  d e p e n d e n t on 

i t s  c o r r e c t  f u n c t io n in g .  Any u neven  s t r a i n  i n  th e  m e lin e x  

f i lm  i s  r e f l e c t e d  i n  a p o o r in te r f e r o g r a m  w ith  v e ry  low  

minimum to  maximum peak  v a lu e s ,  and  no c e r t a i n  m ethod  can  

be g iv e n  f o r  m aking a  good beam s p l i t t e r .  I t  i s  a l s o
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d i f f i c u l t  to  a l i g n  th e  beam s p l i t t e r  c o r r e c t l y  i n  i t s  

c r a d le  w hich  i s  s i t u a t e d  on th e  b a se  o f  th e  i n t e r f e r o m e t e r .  

The m ost common m ishap  w ith  th e  o p t ic s  i s  f o r  t h e r e  t o  b e  

a  t o t a l  l o s s  o f  a lig n m e n t o f  one o f  th e  tv/o p la n e  m i r r o r s .  

I t  i s  p o s s ib l e  f o r  th e  system  to  be  so  b a d ly  m is a l ig n e d  

t h a t  z e ro  p a th  d i f f e r e n c e  ( z . p . d ,  ) c an n o t be fo u n d  on  th e  

r e c o r d e r .  The p ro c e d u re  f o r  f in d in g  z ,p ,d *  i s  a s  f o l lo w s .  

The c h o p p e r i s  sw itc h e d  o f f  and  th e  g e a r  box i s  s e t  i n  

n e u t r a l  a l lo w in g  th e  d r iv e  t o  b e  tu rn e d  by h a n d . The 

m oveable m ir r o r  i s  a d ju s te d  u h t i l  th e  beam s p l i t t e r  i s  

ro u g h ly  e q u i d i s t a n t  betw een  b o th  m ir r o r s .  The m oveable 

m ir r o r  i s  now a d ju s te d  very s lo w ly  u n t i l  * fin g es*  a re  

v i s i b l e  on a p ie c e  o f  p a p e r  s i t u a t e d  in  f r o n t  o f  th e  sam ple  

cham ber. V<hen t h i s  i s  a c h ie v e d  th e  m ic ro m e te rs  w hich  

c o n t r o l  th e  a x e s  o f  th e  f ix e d  m ir r o r  a re  a d ju s te d  u n t i l  

th e  ’ f r in g e s *  a re  e v e n ly  sp a ce d  a c r o s s  th e  p a p e r .  The 

o p t i c s  s h o u ld  now bo c o r r e c t l y  a l ig n e d .  O u ite  o f t e n  t h i s  

i s  n o t  th e  c a se  and  f u r t h e r  a d ju s tm e n t i s  r e q u i r e d .  The 

recommended te c h n iq u e  f o r  t h i s  i s  t o  ru n  th ro u g h  z . p . d ,  

c h a n g in g  th e  m ic ro m e te r s e t t i n g s  each  tim e u n t i l  a  

s a t i s f a c t o r y  sy m m etrica l in te r f e ro g ra m  i s  o b ta in e d .  T h is  

m ethod g e n e r a l ly  works b u t  i s  v e ry  te d io u s  and  a  b e t t e r  

way h a s  b e e n  d e v e lo p e d . T h is  c o n s i s t s  o f  ru n n in g  th e  d r iv e  

a t  th e  s lo w e s t  sp eed  and s to p p in g  i t  a c t u a l l y  on z . p . d .
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The m ic ro m e te rs  a r e  th e n  a d ju s te d  f o r  maximum e n e rg y ;  

by  m oving o f f  z . p . d .  and  b ack  a g a in  and a d ju s t i n g  th e  

m ic ro m e te rs  once a g a in  th e  c o r r e c t  a lig n m e n t i s  quic]< ly  

fo u n d ,

( e )  The com puting  t r o u b le s  w ere in  f a c t  f a u l t s  t h a t  

w ere n o t  s p o t te d  u n t i l  th e  sp ec tru m  in  q u e s t io n  h a d  b e e n  

com puted . The m ost s e r io u s  f a u l t  which f o r t u n a t e l y  o n ly  

o c c u r re d  o c c a s io n a l ly ,  was th e  e f f e c t  o f  d ro p p in g  a  d i g i t  

from  th e  d a ta  tap e*  I f  t h i s  o c cu rs  when th e  I n te r f e r o g r a m  

i s  n e a r  c o m p le tio n  a  ’ sp ike*  i s  e f f e c t i v e l y  p la c e d  on  th e  

in te r f e r o g r a m . The programme w ould t ra n s fo rm  t h i s  t o  a  

c o s in e  c u rv e  and t h i s  would be  superiinposed  on th e  r e s t  

o f  th e  sp e c tru m . The spec trum  w ould a p p ea r a s  i f  a  c h a n n e l 

sp e c tru m  was b e in g  p ro d u c e d . T h is  i s  q u i te  u s e f u l  i n  

f i n d in g  w here th e  d ro p p ed  d i g i t  i s .  The th ic k n e s s  o f  t h e  

im a g in a ry  s h e e t  w hich  was c a u s in g  th e  i n t e r f e r e n c e  

c o rre s p o n d s  to  th e  d i s t a n c e  from  z .p .d ,  t h a t  th e  d ro p p e d  

d i g i t  o c c u r re d . The r e l a t i v e  am p litu d e  o f  th e  ’ c h a n n e l 

spectrum * w ould i n d i c a t e  th e  m agnitude o f  t h e  d i g i t  

d ro p p ed  by th e  A/D c o n v e r te r .  I f  th e  sp ec tru m  was swamped 

by th e  i n t e r f e r e n c e  b an d s  th e n  i t  i s  q u i te  l i k e l y  t h a t  th e  

d ro p p ed  d i g i t  was one t h a t  i n d ic a t e d  the h u n d re d s  o f  th e  

d a ta  p o i n t .  C o n se q u e n tly  t h i s  d a ta  ta p e  w ould be e d i t a b l e .  

The e f f e c t  o f  tv/o d ro p p ed  d i g i t s  would b e  more c o m p lic a te d
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and  p ro b a b ly  in c a p a b le  o f  c o r r e c t io n .

T here  a r e  a  num ber o f  mundane th in g s  w hich c an  go 

w rong, and th e s e  a re  w orth  m en tio n in g  b e ca u se  th e y  o f t e n  

have  th e  same symptoms a s  more s e r io u s  f a u l t s .

The M oire lamp h a s  an  a v e ra g e  l i f e t i m e  o f  a b o u t 

n in e  m onths. The lamp u s u a l ly  goes o u t d u r in g  a ru n  a n d  

t h i s  i s  m a n if e s te d  by th e  c e s s a t io n  o f  p u n c h in g . I t  i s  

p o s s ib l e  to  check  w h e th e r th e  l i g h t  has gone o u t  ( o r  i s  

so m e th in g  more s e r io u s )  by n o t in g  i f  th e  p . v ,  c e l l  i s  

' t r i g g in g *  on an  o s c i l l o s c o p e .  R eplacem ent o f  th e  lam p 

i s  a s im p le  m a t te r  an d  g e n e r a l ly  th e  e x a c t  l o c a t i o h  o f  

th e  lamp i s  n o t  c r i t i c a l .

One o f  th r e e  th in g s  can  have happened d u r in g  a  ru n  

i f  th e  b a se  l i n e  s lo w ly  c re e p s  to w ard s h ig h e r  e n e rg y  a s  

shown b e lo w .
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The m o st common t h i n g  i s  f o r  t h e  s o u rc e  n o t  t o  h a v e  

b e e n  s w i tc h e d  on  lo n g  e n o u g h  b e f o r e  u s e .  I t  i s  

n e c e s s a r y  t o  h a v e  b e e n  w arm ing  up  f o r  a t  l e a s t  tw e n ty  

m in u te s .  U s u a l ly  i f  th e  s o u r c e  h a s  b e e n  o n  l o n g  e n o u g h  

th e n  t h i s  w a n d e r in g  b a s e  l i n e  c a n  b e  a t t r i b u t e d  t o  t h e  

sa m p le  c h am b er n o t  b e in g  e v a c u a t e d  f o r  lo n g  e n o u g h  a  

p e r i o d  b e f o r e  th e  r u n  w as s t a r t e d .  A t l e a s t  t e n  m in u te s  

e v a c u a t i o n  i s  r e q u i r e d  ( w i th  a  d o u b le  s t a g e  r o t a r y  pum p) 

t o  o b t a i n  a r e a s o n a b l e  vacuum . I f  n e i t h e r  o f  t h e  a b o v e  

t h i n g s  a r e  r e s p o n s i b l e  f o r  t h e  s l o p i n g  b a s e  l i n e  t h e n  t h e  

m o st p r o b a b le  c a u s e  i s  to o  t h i n  a  m u ll ; d u r i n g  t h e  r u n  

th e  sa m p le  s l i p s  do.vn t h e  p l a t e  slowly with c o n s e q u e n t  

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

s l o p e s  to w a rd s  th e  e n e r g y  d e c r e a s e  d i r e c t i o n  t h e n  t h i s  i s  

a n  i n d i c a t i o n  t h a t  th e  i n t e r f e r o m e t e r  h a s  a l e a k  so m e w h ere . 

I t  m ig h t  b e  t h o u g h t  t h a t  t h i s  c o u ld  e q u a l l y  b e  c a u s e d  b y  

th e  s o u r c e  g o in g  o u t .  H o w ev e r, a p a r t  from  t h e  f a c t  t h a t  

t h e  s o u r c e  c a n  be  s e e n  from  o u t s i d e ,  th e  i n t e r f e r o m e t e r ,  

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

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

l i f e  o f  a b o u t  e i g h t e e n  m o n th s . A lth o u g h  t h e y  l o s e  t h e i r  

h a r d  u l t r a v i o l e t  e m i s s io n  p r o p e r t i e s  th e y  r e t a i n  t h e i r  

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

a c t u a l l y  d i e .  le p la c e m e n t  o f  t h e  s o u rc e  i s  s u c h  a  t e d i o u s  

o p e r a t i o n  t h a t  i t  i s  w o rth  w h i l e  n o t in g  t h a t  e v e n  i f  t h e
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so u rc e  a p p a r e n t ly  d ie s*  d u r in g  a ru n  i t  s t i l l  may be  

u s a b l e .  D u rin g  th e  l a s t  few  weeks o f  i t s  l i f e  th e  

so u rc e  w i l l  o f t e n  a r c  a g a in  when i t  h as b e en  l e f t  t o  

c o o l a f t e r  su ch  an  'a p p a r e n t  d e a th * .
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1*7  I n t e r f e r o m e t r y  v e r s u s  s l i t  s p e c t r o s c o p y .

The t h e o r e t i c a l  a d v a n ta g e s  o f  i n t e r f e r o m e t r y  o v e r  

s l i t  s p e c t r o m e t e r s  o r e  n o t  a lw a y s  r e a l i s e d .  E ven  s o ,  

i t  i s  a  b e t t e r  m e th o d  o f  m e a su re m e n t i n  many c i r c u m s t a n c e s  

a n d  t h e  F e l l g e t t  a d v a n ta g e  d o e s  a p p e a r  to  m a n i f e s t  i t s e l f ,

E n e rg y  i s  a t  a  p rem ium  i n  th e  f a r  i n f r a r e d  a n d  t h i s  

f a c t  c o u p le d  w i th  t h e  f a c t  t h a t  m o st o f  th e  r e s o l v e d  

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

ja w s  o f  t h e  s l i t s  m eans t h a t  much s m a l l  a m o u n ts  o f  s a m p le  

a r e  r e q u i r e d  i n  a n  i n t e r f e r o m e t e r .  S in c e  t h e  r e s o l u t i o n  

o f  th e  i n t e r f e r o m e t e r  i s  m e r e ly  a  f u n c t i o n  o f  m i r r o r  

t r a v e l  a  s p e c t ru m  b e tw e e n  4 0  a n d  440  cm*"  ̂ t o  a  r e s o l u t i o n  

o f  1 cm~^ c a n  b e  o b t a i n e d  i n  a b o u t  30  m in u te s *  a  c o m p a ra b le  

s p e c t r u m  from  a g r a t i n g  s p e c t r o m e t e r  w o u ld  t a k e  f a r  l o n g e r ,

A v e r y  s t r o n g  p o i n t  i n  f a v o u r  o f  t i e  PS-5 2 0  i n t e r f e r o m e t e r  

i s  e a s y  a c c e s s i b i l i t y  o f  t h e  sa m p le  a r e a .  T h i s  c a n  b e  

a p p ro a c h e d  q u i t e  e a s i l y  fro m  f o u r  s i d e s  a n d  u s e  o f  

s o p h i s t i c a t e d  sa m p le  c e l l s  i s  v e r y  s im p le .  T he sa m p le  

a r e a  i s  p a r t i c u l a r l y  c o n v e n ie n t  f o r  t h e  n o rm a l s o l i d ,  

l i q u i d  o r  g a s  c e l l .

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

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

W ith  a  d o u b le  beam  c o n v e n t i o n a l  s p e c t r o m e t e r  i t  i s  n e c e s s a r y  

t o  p u r g e  t h e  i n s t r u m e n t  w i t h  d r y  a i r *  t h e o r e t i c a l l y  t h i s  i s
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n o t  e s s e n t i a l  b u t  th e  am ount o f  energy  a v a i l a b l e  a f t e r  

w a te r  v a p o u r h a s  a b so rb e d  i s  v e ry  s m a ll .  Even w ith  d ry  

a i r  p u rg in g  th e  PE 225 p o o r s p e c t r a  a r e  q u i te  o f t e n  

o b ta in e d  be low  300 cmT^

The s i z e  o f  th e  PS-520 i s  com parab le  w i th  m ost 

c o n v e n t io n a l  s p e c t r o m e te r s .  I n  th e  n e a r  f u t u r e  h o w e v e r, 

th e  i n t e r f e r o m e t e r s  a v a i l a b l e  co m m erc ia lly  w i l l  h a v e  a  

d i s t i n c t  s i z e  a d v a n ta g e . R . I . I . C ,  a re  maiding a n  PS-720  

in t e r f e r o m e t e r  w hich w i l l  s ta n d  on a  sm a ll t a b l e .  An 

added  a d v a n ta g e  o f  th e  s m a l le r  i n te r f e r o m e te r  w i l l  b e  th e  

e a s e  o f  re p la c e m e n t o f  th e  beam s p l i t t e r .  The r a n g e  o f  

f r e q u e n c ie s  s tu d ie d  i s  c r i t i c a l l y  dep en d en t on  th e  t h ic k n e s s  

o f  th e  beam s p l i t t e r .  I t  i s  s ta n d a r d  w ith  th e  P S -520  to  

c o v e r  th e  ra n g e  40-400  cnT^ w ith  a 25 m ic ro n  beam s p l i t t e r  

made o f  m e lin e x . I f  a  50 m icron  rae lin ex  was u s e d  i n s t e a d  

th e  ra n g e  20 -200  cmT  ̂ w ould be c o v e re d . W ith  t h e  PS-520 

ch an g in g  th e  beam s p l i t t e r  i s  a  te d io u s  jo b  b e c a u s e  th e  

e x a c t  t e n s io n  o f  th e  m e lin ex  i s  c r i t i c a l  and  q u i te  d i f f i c u l t  

t o  o b t a in .  The m ir ro r s  a l s o  h ave  to  be  r e - a l i g n e d  a l th o u g h  

t h i s  i s  n o t  q u i te  so  awkward. T h is  d i f f i c u l t y  w i l l  n o t  

e x i s t  i n  th e  s m a l le r  i n t e r f e r o m e te r  s in c e  i t  w i l l  o n ly  ta k e  

a  m a t te r  o f  m in u te s  to  change th e  beam s p l i t t e r .

The b ig g e s t  d is a d v a n ta g e  o f  i n t e r f e r o m e t r i c  

s p e c tro s c o p y  i s  th e  tim e  d e la y  be tw een  e x p e r im e n t a n d
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r e c e p t io n  o f  r e s u l t s  s in c e  one h a s  to  w a it  f o r  a  

com pu ter to  c a l c u l a t e  th e  sp e c tru m . The c o s t  o f  

c a l c u l a t i o n  o f  t h i s  spectrum  can  a ls o  c o s t  a ro u n d  £2 

to  o b ta in  a r e s o l u t i o n  o f  1 cm“  ̂ betw een 100 an d  400 cmT^, 

B o th  th e  tim e  l a g  and  th e  heavy  c o s t  o f  c o m p u ta tio n  w i l l  

be  a v o id e d  when th e  i n t e r f e r o m e te r  w ith  b en ch  a n a lo g u e  

co m p u ter becom es g e n e r a l ly  a v a i l a b l e .

The second  f a u l t  to  be  fo u n d  w ith  th e  i n t e r f e r o m e t e r  

c o n c e rn s  th e  b ack g ro u n d  o f  th e  in s t ru m e n t .  A t y p i c a l  

b ack g ro u n d  ru n  i s  shown i n  F ig u re  [1 * 5 ]. B e s id e s  th e  

g e n e r a l  in c o n v e n ie n t  shape  o f  th e  background  t h e r e  a r e  

m ajo r a b s o r p t io n s  a t  382 an d  436 cm”  ̂ due t o  m e lin e x  

an d  a t  73 and  142 cmT  ̂ due t o  p o ly th e n e . The b a ck g ro u n d  

te n d s  to  be s l i g h t l y  v a r i a b l e  (p ro b a b ly  due to  im p e r f e c t  

in te r f e r o g r a m s )  and  to  r e a l l y  e s t a b l i s h  th e  e x i s te n c e  o f  

weak f e a t u r e s  i n  a  spectrum  may r e q u ir e  s e v e r a l  

in te r f e r o g r a m s  o f  th e  same compound to  be com puted . I t  

i s  p o s s ib l e  to  rem ove th e  b ack g ro u n d  o f  th e  in s t r u m e n t ,  

th u s  m aking i t  e f f e c t i v e l y  a  double-beam  sy s te m , by  

'W t i o i n g "  th e  sp ec tru m  i n  q u e s t io n  a g a in s t  a  t y p i c a l  

b ack g ro u n d  sp e c tru m ; t h i s  may b e  c o n v e n ie n tly  p e rfo rm e d  

by  th e  co m p u te r. T h is  p ro c e s s  o f  " ra tio in g * *  o u t  th e  

b ack g ro u n d  i s  p a r t i c u l a r l y  d i f f i c u l t  w ith  th e  P S -520  

b e c a u se  th e  f i n e  g a in  c o n tr o l  h a s  a  d i s c r e t e  s e t  o f  g a in s
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r a t h e r  th a n  a c o n tin u o u s  g a in  c o n tr o l  ; i t  i s  d i f f i c u l t  

t h e r e f o r e  t o  o b ta in  b o th  in te r f e r o g ra m  o f  sam ple  and  

b a ck g ro u n d  on th e  same n i l l i - v o l t  l e v e l  a s  i s  r e q u i r e d  

f o r  optimum " r a t i o i n g " .  P e r r y  h a s  shown t h a t  a l th o u g h  

a  d o u b le - s id e d  c o m p u ta tio n  h a s  a  l a r g e r  s ig n a l  t o  n o is e  

r a t i o  th a n  a  s i n g l e - s i d e d  ru n  th e  d o u b le  s id e d  

c o m p u ta tio n s  a r e  more r e p r o d u c ib le  e s p e c i a l l y  a t  low  

f r e q u e n c ie s .

I t  i s  g e n e r a l ly  t r u e  t h a t  w ith  a  c o n v e n t io n a l  

s p e c t ro m e te r  one a lw ay s g e t s  some s o r t  o f  sp e c tru m  from  

a  compound ev en  i f  i t  i s  a  p o o r  sp e c tru m . T h is  i s  n o t  

t r u e  o f  in te r f e r o m e t r y  f o r  a p a r t  from  th e  f a u l t s  m en tio n ed  

above th e r e  a r e  a  num ber o f  th in g s  t h a t  c an  go wrong w ith  

th e  in te r f e r o g r a m  t h a t  c an  p ro d u ce  f a l s e  a b s o r p t io n s  o r  

c o m p le te ly  r u i n  a  sp e c tru m . F o r  i n s t a n c e ,  q u i te  o f t e n  th e  

b a s e l i n e  o f  th e  in te r f e r o g r a m  s lo p e s  q u i te  s t e e p l y  from  

th e  h o r i z o n t a l  r u in in g  th e  r e s u l t i n g  sp e c tru m . T h is  f a u l t  

a n d  th e  many o th e r s  n o t  m en tio n ed  how ever p ro b a b ly  m e re ly  

i n d i c a t e  th e  s t a t e  o f  th e  a r t  a t  p r e s e n t .  T hese now 

e l u s iv e  f a u l t s  w hich can  an d  do now a p p e a r  i n  a  t y p i c a l  

ru n  w i l l  p ro b a b ly  be w e ll  docum ented  i n  a  few  y e a r s ,  a s  

more c h e m is ts  become f a m i l i a r  w ith  t h i s  in s t r u m e n t .
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1 . 6  A P P E N D I X

A)  E L L I O T T  P R O Q R A L .

DOUBLE S I D E D  F O U R I E R  T R A N S F O R : /
B E Q I N  

I L T E Q E R  M'  READ N '
B E Q I N

R E A L  0 ,  S U L ,  SU 111'
ARRAY F C - M : N ) , S C O :  Î O , U , V C O : N ) , C O S A R , S I  MARCO : 2 * 1 0  ' 
I N T E G E R  7 , Y , J , P , K , I N D E X '
S WI T C H  X : = L , L 1 '
FOR 7 : = u  S T E P  1 U N T I L  CM D I V  2 )  DO 
C G S A R C Z ) : = C 0 S C 5 . 1 4 1 5 L 2 6 5 * Z / N ) '
FOR Z : = 0  S T E P  1 U N T I L  CM D I V  2 )  DO 
B E G I N

COSARCM D I V  2 + Z ) : = - C 0 S A R C N  D I V  2 “ 2 X ' 
C O S A R C N + Z ) : = - C O S A R C Z ) '
C O S A R C ; * N  D I V  2 + Z ) : = C O S A R C N  D I V  2 - Z ) ' 
S I N A R C : 0 : = C O S A R C M  D I V  2 - Z ) '

E N D '
FOR L : = C N  D I V  2 + 1 )  S T E P  1 U N T I L  2 * N  DO 
S I F A R C Z ) : = C O S A R C Z - N  D I V  2 ) '
f i EAD 2 '
FOR Y : = 1  S T E P  1 U N T I L  Z DO
B E G I N

FOR 0 : = - N  S T E P  1 U N T I L  N DO 
READ F C F ) '

: =0 '
: = C F  C - N ) + F C N ) ) / 2 '

FOR J : = 1 - N  S T E P  1 U N T I L  N - 1  DO 
Q : = 0 + F C J ) '
G:  =  C ' / ( 2 * N ) '
FOR P : = - N  S T E P  1 U N T I L  N DO 
F C P ) : = F C P ) - 0 '
FOR P : = 1  S T E P  1 U N T I L  N DO 
B E G I N

S C 0 ) : = 5 . 1 4 1 5 9 2 6 5 * P / N '
U C P ) :  = C F C P ) + F C - P ) ) * S I N A R C P ) / C 2 * S C O )  ' 
V C P ) :  = C F C P ) - F C - P ) ) * S I N A R C P ) / C 2 * S C 0 ) )  '

E ND'
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U(0):=F(0)/2t
Y (0 ) := 0 '
W(N):=U(N)/24
Y(N):=YCN)/2t
FOR K:"0 STEP 1 UNTIL N DO 
BEQIN

' SUM:=SUM1:=0*
INOEX:=-K'
FOR J:“0 STEP t UNTIL N DO 
BEQIN

• INDEX:»INDEX +K*
L1: IF INDEX LESS (2*N) THEN QOTO L 
ELSE INDEX :=INDEX-(2*N)'
QOTO Li*

L: SUM:»U(J)*C0SARCINDEX)+SUM* 
SUM1:=Y(J)*SINAR(INDEX)+SUM1*END* ' . . .

F(K):»SUM*2/N*
S(K):"SUMl*2/N*
F(K):"SQRT(FCK)**2+S(K)**2)*

END* -
SUM:»SUM1:»F(0)*
FOR K:-1 STEP 1 UNTIL N DO
IF SUM QR F(K) THEN SUM:»FCK) ELSE IF SUMi
LESS F(K) then SUM1:»F(K)-ELSE INDEX:"0*
FOR K:-0 STEP 1 UNTIL-N DO 
BEQIN

• PRINT K*
F(K):»F(K)-SUM+0.000001* 
F(K):=ENTIER(F(K)*60/SUM1)'
FOR J:»0 STEP 1 UNTIL F(%) DO 
PRINT CCS??* _
PRINT SAMEL1NE.C+?*

END*
PRINT ££R100??*

END*
END*

END*
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B) atlas PROGRAM.

1 JOB V Z O n I.ÎGRRI3 FOURIBR TRANSFORT.IS 
I IKPUT 1 INTFRFER0GRAî.:3
: OUTPUT 0 LÏFFPRINTIUR 200 LIKES ,

OUTPUT 12 LINEPPcIKTER 200 LINES^
‘I^ITTPUT 13 LINEPRIKTER 200 LINES -

IBM 14 MORRIS COMLIONCP)/PLEASS u \B 2L  MORRIS, LEICESTER, lçG6 
j  CC:,ELUTING 2 MINUTES 
I 3IX3RE 30 jBIvOCEKS 
■ CCI-.IPILER ATJGOL

iL.lI2UT ICT 7 -HOLE TAPE WITH GRAPH I /O  PROCEDURES;
becrin

in te g G T  N ,N 1 ,N 2 ,N 3 ,N 4 ,N 5 ,N G ,N /;  s e l e c t  i n p u t ( l ) ;  
K1 : =i’e a d ;
N 2 := r e a d ;
N3 t - i - e a d ;
N 4:=read;
N j : = r e a d ;
N G := re a d ;
N / : = r e a d ;
N: = ( ( N l - l ) - r 2 ) ;

bo f ; in
r e a l  SUM,SUM!,Q;
array F[-N:N] , 3 , U, V[O;N] , COSAR,8 INAR[0 :2-N J; 
i n t e g e r  Z ,Y ,J ,? ,K ,IN D E X ; 
s w i t c h  X := L ,L 1 ;
Tor Z :=0 s t e o  1 u n t i l  (N *2)do  
CosAR [ Z ] :=CO s ( 3 .1 4 1 j  92G5 Z/N y ; 
f o r  Z ;=0 s t e p  1 m i t i 1 (N *2)do  
b e g i n

COSAR[N*2-hZ ] : =-C0SAR[N*2-Z j  ;
C03AR[N -;-Z ] ;=- COSAR [ Z ] ;
C03AR[3^N-2+Z] ;=C0SARCN-2-Z J ; 
SINAr Cz ] :=C03ARLN-2-Z];

e n d ;

f o r  Z : =(Nt2-!-l ) s t e p 1 u n t i l  2̂ "'N cW 
3 INAR : Z] : =COSARLZ-Nf2 ] ;  
f o r  Y :=l s t e p  1 u n t i l  N6-1 do 
b e g i n
g r a p h  p a p e r t h r o w ;

g r a p h  i d e n t i f i c a t i o n ( - f J O B  ^/ZOll MORRIS-)); 
f o r  J  : s t e p  1 u n t i l  N
F L J ] : = r e a d ;
Q : = ( F [ N ] + F [ - N ] ) / 2 ;
f o r  J : = l - K  s t e p  1 u n t i l  N-1 do
Q : = Q+ F [ J j ;
Q := Q /(2 ^ N ) ;
f o r  P := -N  s t e p  1 u n t i l  N do 
F [ P ] : = F [ P ] - Q ;
f o r  P ;= l  s t e n  1 u n t i l  N do
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"begin

end;

S[0]:=3J413()255»P/N ;
U L P ] : = ( F [ p ] + r [ - P ] )*SD;AR[P]/(2*3[0]); 
V[p] ;=(F[P]-F[-p])*SnfAR[P]/(2*S[0]);

U [0 ] : = F [ 0 ] / 2 ;
V [o ]  :=0 ;
U LN 3:=U[K]/2;
V[N];=VlN]/2;
f o r  K;=0 s t e p  1 u n t i l  N do
b e g i n        _____ ____ __ ______

Slili : =SiT,n : =0 ;
XIn3EX:=-K;
f o r  J :=0 s t e p  1 u n t i l  N do 
b e g i n

INDEX :=INDEX-Æ;
LI Ii:DEX<(2’f'N) t h e n  go L
e l s e  I IT) EX ; =I NDEX- ( 2-N ) ; 
go ^  LI ;
L : SUM : =U [ J  J ̂ COSAR [ INDEX ] -f SUM ; 
SUIul := V [J ]* S IN A R [ INDEX ]-rSm n ;

e n d ;

F[X]:=SUM'^2/N;
S[K]:=SUMl-2/N;
F[Kj:=sqrt(F[X]cxp2+S[K]exp2);

md;

SUM:=3U7\n :=F[o];
for K:=l s t e p 1 u n t i l  N do
i f  SUM >FTk1* then SUM:=fTk] e l s e  i f
SUMKFLk] then SUM! :=F[K] e l s e
INDEX :=0 ;
graph header(0,N/10,0,  (SUMl+ .0002) /!2 .5  ,<K-7> ; 
for K;=0 step 1 u n t i l  N do 
graph data(K,F[Xj)C

end;
end;
graph end;

end



FIGURE 1 .1  

R e la tiv e  em ission  from a  b lack  body.
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FIGURE 1 .2  

In s tru m en ta l fu n c tio n s .
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FIGURE lo3

Block diacram  o f an FS-52O in te rfe ro m e te r»
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FIGURE lo4 
Typical interferogram»



FIGURE lo5

Typical interferornetrio background spectrum,

ro

Oo



CHAPTER TWO 

SLIT SPECTRaiETRY
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CmPTEB 2 -  SLIT SPECTROMETRY

•1 I n t r o d u c t i o n .

The backbone o f  t h i s  t h e s i s  h a s  b een  c o n c e ra e d  w i th  

i n t e r f e r o r a e t r y  and  th e  in f o r m a t i o n  o b ta in e d  from  i t .

By no m eans, how ever, have a l l  th e  r e s u l t s  q u o te d  i n  t h i s  

t h e s i s  b ee n  o b ta in e d  i n t e r f e r o m e t r l c a l l y . T h is  d e p a r tm e n t  

i s  e q u ip p e d  w i th  a num ber o f  c o n v e n t io n a l  s l i t  

s p e c t r o m e t e r s .  The a u t h o r  h a s  u s e d  b e s i d e s  th e  

i n t e r f e r o m e t e r ,  a P e rk in -E lm e r  PE-225, a  P e r k in -E lm e r  LR-1

(Raman), a  Uni cam SP-100 and  a s i n g l e  beam e v a c u a te d
16 «1  . 

f a r  i n f r a r e d  s p e c t r o m e t e r  (475-175  cm )• The l a s t  two

in s t r u m e n t s  ar*e m en tio n ed  f o r  th e  sak e  o f  c o m p le te n e s s

s in c e  o n ly  a h a n d f u l  o f  s p e c t r a  have b e e n  r u n  oh t h e s e .

However, i t  i s  p e r t i n e n t  t o  d i s c u s s  th e  p e r fo rm a n c e s  o f

th e  o t h e r  two in s t r u m e n t s .  The PE-225, a w e l l  e s t a b l i s h e d

i n s t r u m e n t ,  n e e d  o n ly  be m en tio n ed  b r i e f l y ,  b u t  th e  LR-1

b e in g  a new i n s t r u m e n t  d e s e r v e s  a f a i r l y  d e t a i l e d

d e s c r i p t i o n .
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2*2 The P e rk ln -K lm e r P E -2 2 5 .

T h is  i s  a d o u b le  beam s p e c tro m e te r  c o v e r in g  th e  

s p e c t r a l  r e g io n  5000-200 cm*”* i n  th e  f o u r  s e p a r a te  ra n g e s  

5000-2000 , 2500-1000 , 1000-400  and  410-200  cm~^* U n lik e  

th e  SP 100 , w hich i s  i n  t h i s  c a se  f i l l e d  w ith  d ry  n i t r o g e n ,  

th e  PE-225 i s  c o n t in u a l ly  f lu s h e d  by  d ry  a i r l  V /ith  t h i s  

p a r t i c u l a r  in s t ru m e n t  th e  d ry in g  p ro c e s s  i s  n o t  v e ry  

s u c c e s s f u l  and  q u i te  o f t e n  w a te r  v ap o u r b an d s c re e p  o n to  

th e  sp ec tru m  be lo w  310 cm~^ , A n o th e r  p a r t  o f  th e  sp e c tru m  

t h a t  i s  n o t  c o v e re d  v e ry  w e ll i s  460-410  cm"”̂  I t  i s  

q u i te  l i k e l y  t h a t  weak o r  e v en  some medium b a n d s  a r e  m isse d  

i f  th e y  o c c u r  i n  t h i s  r e g io n .  F o r in s ta n c e  some m e ta l-  

n i t r o g e n  s t r e t c h i n g  f r e q u e n c ie s  i n  ammines o f  th e  ty p e  

[h(îUÎo ][U*X4 ] (X = h a lo g e n ) th a t  s h o u ld  o c c u r  n e a r  

420  cm~^ have n o t  b e e n  o b se rv e d .

Above 400 cm*”̂  s o l i d s  have  b een  ru n  i n  n u jo l  

s u s p e n s io n s  s u p p o r te d  on 1 3 r  p l a t e s .  Below 400 cn^^ th e  

same s u s p e n s io n  was su p p o r te d  on p o ly th e n e  p l a t e s *  The 

n u j o l  was th e  d e g a ss e d  v a r i e t y  s u p p l ie d  by U r, J ,B ,C o r n e l l

The te m p e ra tu re  in  th e  beam i s  n e a r  70*C and  t h i s  i s  

o b v io u s ly  u n s a t i s f a c t o r y  f o r  th e rm a l ly  u n s ta b le  com pounds. 

T h ere  i s  an a i r  b lo w e r w hich  blow s c o ld  (w et) a i r  o n to  th e  

sam ple and  c o o ls  i t  to  65*0. T h is  i s  s t i l l  warm enough to
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decom pose some sam ples* F o r  t h i s  re a so n  a  c o ld  c e l l  was 

d e s ig n e d  f o r  u se  w ith  th e  P S -225 , The c o o la n t  i s  l i q u i d  

n i t r o g e n  and  th e r e f o r e  above 400 cm~  ̂ AgCl p l a t e s  a re  

u s e d .  The a u th o r  u s e d  th e  c o ld  c e l l  on a  few  o c c a s io n s  

b u t  d id  n o t  d e t e c t  s u b s t a n t i a l  d i f f e r e n c e s  i n  th e  s p e c t r a  

com pared w ith  th e  norm al ru n . B e s id e s  r e t a r d i n g  

d e c o m p o s itio n  o f  sam ple th e  c o ld  c e l l  in  th e o ry  s h o u ld  

sh a rp e n  up th e  b an d s e s p e c i a l l y  th o se  below  300 cm~^,

The t r a n s i t i o n  n o rm a lly  r e f e r r e d  to  in  v i b r a t i o n a l  

s p e c tro s c o p y  i s  th e  one from  th e  g round  s t a t e  l e v e l  to  

th e  f i r s t  e x c i t e d  s t a t e .  However, a t  room te m p e ra tu re  

t h i s  f i r s t  e x c i t e d  s t a t e  i s  s u b s t a n t i a l l y  o c c u p ie d  a t  low  

f r e q u e n c ie s  and th u s  th e  t r a n s i t i o n  from  t h i s  s t a t e  a n d  

th e  se co n d  e x c i t e d  s t a t e  w i l l  a l s o  be o b s e rv a b le .  T h is  

t r a n s i t i o n  i n  th e o ry  sh o u ld  be  in d i s t i n g u i s h a b le  from  th e  

no rm al one b u t  b e c a u se  th e  p o t e n t i a l  en erg y  c u rv e  i s  n o t  

e x a c t ly  h a rm o n ic  th e  t r a n s i t i o n  w i l l  in  f a c t  o c c u r  a t  a  

s l i g h t l y  d i f f e r e n t  p o s i t i o n .  T h is  w i l l  be m a n if e s te d  by 

a  b ro a d e n in g  o f  th e  band  s tu d ie d .

A c c o rd in g  to  th e  Baltzmam d i s t r i b u t i o n  law  th e  r a t i o  

o f  th e  p o p u la t io n  o f  th e  f i r s t  e x c i te d  s t a t e  (N l)  r e l a t i v e  

to  th e  g ro u n d  s t a t e  (NO) i s  g iv e n  by :

,, , -h ew A t  _ -1 .4 W /T
" "A O  ”

w here h ,  c ,  K, e and  T have th e  u s u a l  s i g n i f i c a n c e ,  k) i s
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th e  f re q u e n c y  o f  th e  hand  c o n s id e re d .  Thus th e  h i g h e r  

th e  fre q u e n c y  c o n s id e re d  th e  s m a l le r  w i l l  be  th e  

p e rc e n ta g e  o f  m o le c u le s  i n  t h i s  f i r s t  e x c i t e d  s t a t e ,  an d  

th e  l e s s  s i g n i f i c a n t  w i l l  be  t h i s  b ro a d e n in g . T a b le  [2 * 1 ] 

shows th e  r e l a t i v e  p o p u la t io n  o f  t h i s  l e v e l  a t  v a r io u s  

f r e q u e n c ie s  a t  th e  th r e e  te m p e ra tu re s  ( a )  -1 9 6 * 0 , (b )  25'"C 

and  ( c )  75*C, I t  i s  a p p a re n t  t h a t  a t  low  te m p e ra tu re s  

. e v en  a t  low  f r e q u e n c ie s  th e  f i r s t  e x c i t e d  s t a t e  i s  

e x te n s iv e ly  d e p o p u la te d  com pared w ith  room te m p e ra tu re  

an d  t h a t  a s u b s t a n t i a l  s h a rp e n in g  o f  th e  b an d s  s h o u ld  be 

a p p a r e n t .  How ever, t h i s  was i n  f a c t  h a rd ly  e v e r  r e a l i s e d  

i n  p r a c t i c e .  F ig u re  [2*1] shows th e  p l o t  o f  r e l a t i v e  

p o p u la t io n  v e r s u s  f re q u e n c y  f o r  th e  th r e e  te m p e r a tu re s  

m e n tio n ed  above .
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2*3 The P e rk ln -E lm e r  LR -1.

F o r  th e  l a s t  y e a r  o f  th e  work v /ith  w hieh t h i s  t h e s i s  

h a s  b een  c o n c e m e d , a  P e rk ln -S lm e r  model LR-1 L a s e r - E x c i te d  

Raman S p e c tro m e te r  h a s  b een  a v a i l a b l e .  U sin g  a  H e/tie 9mw 

l a s e r  v/hich e m its  a t  6328A ( 15 ,8 0 2  cm“  ̂) i t  i s  c la im e d  t h a t  

t h i s  in s t ru m e n t  c o u ld  o b ta in  s p e c t r a  o f  compounds t h a t  a r e  

t r a n s p a r e n t  i n  th e  r e d  r e g io n  o f  the  sp e c tru m . T h is  i s  n o t  

p r e c i s e l y  t r u e  w ith  e i t h e r  s o l i d s  o r  l i q u i d s .  A queous 

T eB rg , a r e d  s o l u t i o n ,  gave a  v e ry  good Raman sp e c tru m  

w h ile  s o l u t io n s  o f  R0P5CI i n  CFClo a p p a re n t ly  h a v in g  th e  

same r e d  c o lo u r  gave p r a c t i c a l l y  no s i g n a l ,  (E t*N )T eI*  

and  K ^PtC l^ a re  b o th  r e d  c r y s t a l l i n e  s o l i d s  b u t  o n ly  th e  

fo rm e r  compound gave a sp ec tru m . P resum ab ly  th e  v i s i b l e  

sp e c tru m  o f  a  compound sh o u ld  be ta k e n  to  o b t a in  a f i r s t  

i n d i c a t i o n  o f  th e  p o s s i b i l i t y  o f  o b ta in in g  i t s  Raman sp e c tru m .

The u se  o f  l a s e r  e x c i t a t i o n  r e s u l t s  i n  a  s u b s t a n t i a l  

r e d u c t io n  i n  th e  s i z e  o f  a  Raman s p e c tro m e te r  when com pared  

Y /ith th e  norm al m ercu ry  a r c  in s t r u m e n ts .  The L R -I i s  

b a s i c a l l y  c o n s t r u c te d  from  P e rk in -E lm e r  b u i ld in g  b lo c k  

com ponents and  o n ly  th e  sam ple a re a  i s  o f  new d e s ig n .  The 

l a s e r  r a d i a t i o n ,  p la n e  p o l a r i s e d ,  e n te r s  th e  sam ple  a r e a  

h o r i z o n t a l l y ,  i s  r e f l e c t e d  by a  p la n e  m ir ro r  downwards i n t o  

th e  sam ple c e l l  and  makes s e v e r a l  t r a v e r s e s  th ro u g h  th e  

sa m p le . The o p t i c s  o f  th e  sam ple a r e a  a re  d em o u n tab le  a n d
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depend  on w h e th e r  th e  sam ple I s  s o l i d  o r  l i q u i d .  A f t e r  

p a s s a g e  th ro u g h  th e s e  o p t ic s  th e  Raman r a d i a t i o n  e n t e r s  

th e  e n t r a n c e  s l i t  o f  a do u b le  p a s s  m onochrom ator, iVhlle 

i n  th e  m onochrom ator i t  i s  b o th  d is p e r s e d  and chopped

( a t  13 c , p , s ,  b e f o r e  em ergence a t  th e  e x i t  s l i t .  T h is
a

r a d i a t i o n  i s  d e te c t e d  by^ p h o to m u l t ip l i e r  b e fo r e  

a m p l i f i c a t i o n  an d  d e m o n s tra tio n  o f  a 0 -10  mv, s t r i p  c h a r t  

r e c o r d e r .

The f re q u e n c y  s h i f t s  from  th e  e x c i t i n g  l i n e  a r e  

m easu red  i n  Drum Numbers (DIT), Z ero  DIT c o r re s p o n d s  to  

4000 cm”  ̂ w h ile  2400 DIT i s  e q u iv a le n t  to  z e ro  cm~^ ( i . e ,  

th e  e x c i t i n g  l i n e ) .  T here i s  no sim p le  r e l a t i o n  b e tw ee n  

DN and  wavenum ber s h i f t s  a l th o u g h  o v e r l i m i t e d  ra n g e s  th e  

r e l a t i o n  te n d s  to  b e  l i n e a r .  I t  i s  r a t h e r  in c o n v e n ie n t  t h a t  

th e  sp e c tru m  p ro d u c e d  i s  n e i t h e r  l i n e a r  i n  v /av e le n g th  o r  

wave num ber. Below 800 cm~  ̂ th e  in s tru m e n t  was c a l i b r a t e d  

w ith  th e  known Raman bands o f  carbon  t e t r a c h l o r i d e ,  

d ic h io r o e th a n e ,  t e t r a c h lo r o e th y le n e  and  b e n z e n e .

As m en tio n ed  p r e v io u s ly ,  th e  l a s e r  e m its  p r i m a r i l y  a t  

6328Â b u t  i f  n o t  a l ig n e d  p ro p e r ly  when th e  m ic ro  c e l l  i s  

b e in g  u s e d  th e n  th e r e  i s  a l s o  m arked e m is s io n  a t  6402% 

i n d i c a t e d  by  an  a p p a re n t  s t ro n g  band a t  2320 DN (180 cm  ̂ ) .  

A lso  a t  a l l  t im e s  non l a s e r  t r a n s i t i o n s  a r e  p ro d u c e d  (due 

to  th e  a to m ic  sp ec tru m  o f  Ne) b u t  a re  n o rm a lly  rem oved
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by a s p ik e  f i l t e r .  The m ost s e r io u s  b an d s b e lo w  

A v  = 900 cm  ̂ o c c u r  a t  th e  fo l lo w in g  f re q u e n c y  s h i f t s  

w ith  th e  g iv e n  i n t e n s i t y  134 cm“  ̂ (2345 BN)w,

181 cm"^ (2325 DN)v.v, 193 cm"^ (2318 DH)vw,

286 (2281 DN)w, 386 cm"^ (2238 DN)vw b ro a d ,

437  cm“  ̂ (2216 D1î ) b , 495 ca"^ (2185 DN)vs b ro a d ,

640 om~^ (2121 DN)m, and  830 cm”*̂ (2034 DN)w, The v e ry  

s t r o n g  b ro a d  b a n d  a t  2185 i s  n o t  i n  f a c t  due t o  a  non 

l a s e r  t r a n s i t i o n  b u t  i s  one o f  th e  * g h o s t s ’ o f  th e  

in s t r u m e n t .  A lth o u g h  th e  m onochrom ator i s  d e s ig n e d  

to  p r e v e n t  s t r a y  l i g h t  from  re a c h in g  th e  d e t e c t o r  i t  

i s  fo u n d  t h a t  some o f  th e  s c a t t e r e d  e x c i t e d  r a d i a t i o n  

does g e t  th ro u g h  to  th e  p h o to m u l t ip l i e r  when th e  

m onochrom ator i s  s e t  a t  2185 DN. A p p a re n tly  a t  t h i s  

s e t t i n g  th e  e x c i t i n g  l i n e  p a s s e s  th ro u g h  th e  c h o p p e r  i n  

a  r e v e r s e  d i r e c t i o n  and i s  th e n  s c a t t e r e d  from  v a r io u s  

s u r f a c e s  b e fo r e  re a c h in g  th e  e x i t  s l i t .  T h ere  i s  

o b v io u s ly  room f o r  im provem ent h e re  w ith t h i s  in s t r u m e n t .

The above s p u r io u s  b an d s  a re  n o t  n o rm a lly  o b se rv e d  

b e c a u se  a  s p ik e  f i l t e r  w hich t r a n s m i ts  80^c o f  r a d i a t i o n  

a t  6328% rem oves m ost o f  th e  o th e r  r a d i a t i o n  b e f o r e  th e  

beam r e a c h e s  th e  sam p le . I f  th e  s a n p le  s c a t t e r s  b a d ly  

how ever, some o f  th e  f e a t u r e s  may b e  o b s e rv e d . B e s id e s  

th e  s p ik e  f i l t e r  th e r e  a re  two o th e r  o p t io n a l  f i l t e r s  

w hich  c an  be u s e d  to  (a )  rem ove th e  g h o s t ,  an d  (b )  b r i n g
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down th e  b a ck g ro u n d  n e a r  th e  e x c i t i n g  l i n e  more s t e e p l y  

th a n  u s u a l .

The c o lo u r  f i l t e r  (Fg ) w hich h a s  th e  t r a n s m is s io n  

c u rv e  shown i n  F ig u re  [2*2] rem oves th e  e x c i t i n g  l i n e  

an d  q u i te  s u b s t a n t i a l l y  rem oves th e  r a d i a t i o n  t h a t  iS  

q u i t e  c lo s e  to  i t  ( i n  f r e q u e n c y ) .  S in ce  th e  e x c i t i n g  

l i n e  i s  r e s p o n s ib le  f o r  th e  g h o s t  t h i s  f i l t e r  e f f e c t i v e l y  

rem oves t h i s  g h o s t  and  i s  m eant t o  be  u s e d  i n  th e  r e g io n  

2260 DN to  0 DN, The backg round  in  th e  r e g io n  o f  

2260-2160 DN w ith  and  w ith o u t t h i s  f i l t e r  i s  i l l u s t r a t e d  

i n  F ig u re  [2 * 3 ] ,

The i n t e r f e r e n c e  f i l t e r  (Fi ) i s  u s e d  to  b r in g  down 

th e  l e v e l  o f  th e  background  o f f  th e  e x c i t i n g  l i n e  more 

s t e e p l y  th a n  n o rm a l. I t  h a s  th e  t r a n s m is s io n  shown I n  

F ig u re  [2 * 4 ], and  th e  r e s u l t a n t  back g ro u n d  c u rv e  i s  a l s o  

shown i n  t h i s  f i g u r e .

From th e  t r a n s m is s io n  cu rv e  i t  i s  a p p a r e n t  t h a t  t h i s  

f i l t e r  i s  d e s ig n e d  to  remove th e  e x c i t i n g  l i n e ,  b u t  n o t  

s u b s t a n t i a l l y  a f f e c t  Raman s h i f t s  q u i te  c lo s e  t o  i t .

A t 2260 DN b o th  f i l t e r s  t r a n s m i t  th e  same am ount a n d  

th e  in s tru m e n t  h a s  th e  f a c i l i t y  o f  an  * au to -m o d e* . When 

u s e d  i n  t h i s  f a s h io n  F^ i s  o p e ra b le  u n t i l  2260 DN when Fg 

a u to m a t ic a l ly  c u t s  i n  a s  F^ c u ts  o u t .  I n  th e  m anual w ith
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th e  in s t ru m e n t  i t  i s  su g g e s te d  t h a t  th e  no rm al 

o p e r a t io n  in v o lv e s  u s in g  t h i s  ’ a u to -m o d e ’ f a c i l i t y ,  

b u t  t h i s  i s  d e b a ta b le .  I n  th e  o p in io n  o f  t h e  a u th o r  

b e t t e r  r e s u l t s  a r e  g e n e r a l ly  o b ta in e d  w i th o u t  th e  u s e  

o f  f i l t e r s ,  e s p e c i a l l y  be low  300 cm~^. H ow ever, f o r  

s o l i d  sam p le s  th e  s t a t e - o f - t h e - a r t  i s  su ch  t h a t  b o th  

m ethods m ust b e  u s e d  a s  a  m a t te r  o f  c o u rs e  i n  o r d e r  t o  

o b ta in  th e  maximum in f o rm a tio n  p o s s i b l e ,  When u s e d  

w ith o u t  f i l t e r s  th e  t y p i c a l  b ack g ro u n d  i s  shown i n  

F ig u re  [2 * 5 ] .

C e r ta in l y  th e  f i l t e r  i s  u s e l e s s  i n  th e  s tu d y  o f  

low  f re q u e n c y  s h i f t s  ({150 cm“ ^ ) .  When u s e d  i n  th e  

’ au to -m ode  ’ î^T eB rg o n ly  showed th e  s t r e t c h i n g  modes o f  

th e  a n io n  a ro u n d  200 cm~^; w i th o u t  f i l t e r s  q u i te  s t r o n g  

b ands w ere o b se rv e d  down t o  70 cm"^, The c o n c lu s io n  from  

t h i s  r e s u l t  i s  t h a t  m ost o f  th e  low  f re q u e n c y  Raman 

r a d i a t i o n  i s  a l s o  rem oved (o r  re d u c e d  i n  i n t e n s i t y )  by  

th e  i n t e r f e r e n c e  f i l t e r .  The o th e r  m a jo r sn a g  when th e  

in s t ru m e n t  i s  u s e d  i n  th e  ’ a u to -m o d e’ i s  t h a t  th e  r e l a t i v e  

i n t e n s i t i e s  o f  th o s e  b an d s  o b se rv e d  a r e  m e a n in g le s s .

T h is  i s  w e l l  i l l u s t r a t e d  w ith  (NH* )g T eC l^ , v/hen u s e d  i n  

’a u to -m o d e ’ th e  sp e c tru m  shown i n  F ig u re  [2*6 ] was o b ta in e d .  

How ever, when ru n  w ith o u t  f i l t e r s ,  s p e c t r a l  i n t e n s i t i e s  

w ere c o m p le te ly  a l t e r e d  ( t h i s  i s  a l s o  shown i n  F ig u r e  [2 * 6 ] ,
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The C ary  8 1 - l a s e r  in s t ru m e n t  sp ec tru m  o f  t h i s  compound 

a l s o  shows th e  th r e e  h a n d s  o f  e q u a l i n t e n s i t y .

The p a c k in g  re q u ir e m e n ts  o f  th e  s o l i d  sam ple  h o l d e r  

a r e  c o m p le te ly  d i f f e r e n t  f o r  b o th  o f  th e  above m ethods 

o f  u s e .  When u s e d  w ith o u t  f i l t e r s  i t  i s  e s s e n t i a l  t h a t  

a s  l i t t l e  a s  p o s s ib l e  o f  th e  e x c i t i n g  r a d i a t i o n  g e t s  

th ro u g h  th e  sam ple t o  th e  m onochrom ator. The more t h a t  

d o e s  g e t  th ro u g h , th e  w orse i s  th e  sp e c tru m  o b ta in e d .

The h o ld e r  i s  f i l l e d  by d ro p p in g  sam ple i n t o  i t  u n t i l  

th e  e x i t  s l i t  o f  th e  h o ld e r  i s  j u s t  c o v e re d , ITone o r  

v e ry  l i t t l e  tam p in g  o f  th e  sam ple  i s  r e q u i r e d .  F o r  u se  

i n  th e  * au to -m o d e’ th e  sam ple  p r e p a r a t i o n  .d e p e n d s  on th e  

e a s e  o f  e x c i t a t i o n  o f  th e  sa m p le . F o r  th e  f i r s t  t r i a l  

ru n  th e  sam ple i s  p la c e d  i n  th e  h o ld e r  a n d  tam ped q u i t e  

h e a v i l y .  J u s t  enough  sam ple i s  p la c e d  i n  th e  h o l d e r  so  

t h a t  th e  to p  p a r t  o f  th e  e x i t  s l i t  i s  n o t  c o v e re d . I f  

no  e x c i t a t i o n  o f  th e  sam ple  o c c u rs  th e n  o n ly  enough  

sam ple  m ust be p la c e d  i n  th e  h o ld e r  to  h a l f  c o v e r  th e  

e x i t  s l i t .  A p o in te d  s p a t u l a  i s  th e n  p u t  i n t o  th e  e x i t  

s l i t  an d  th e  s a n g le  a l t e r e d  i n  d i s t r i b u t i o n  u n t i l  t h e r e  

i s  a  ’g u l l e y ’ f o r  th e  la s e r -b e a m  to  be r e f l e c t e d  s t r a i g h t  

o f f  th e  s a n p le .  T h is  r e f l e c t a n c e  m ethod som etim es 

p ro d u c e s  r e s u l t s  w here th e  above m ethod f a i l s .  I t  i s  

w o rth  m e n tio n in g  h e re  t h a t  p a r t i c u l a r  d i f f i c u l t y  was
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e x p e r ie n c e d  in  e x c i t i n g  w h ite  s a n ç le s  w ith  th e  l a s e r .

T h is  i s  v e ry  u n e x p e c te d  b ecau se  th e re  c a n  be  no 

e l e c t r o n i c  a b s o lu t io n  o f  th e  l a s e r  fre q u e n c y  by  

c o lo u r l e s s  com pounds. The same t r o u b le  h a s  a p p a r e n t ly  

b e e n  fo u n d  w ith  th e  C a ry -8 l  when th e  He/Ne l a s e r
17

a tta c h m e n t  i s  u s e d  • The sa n p le  h o ld e r  p ro v id e d  i s  

u s e l e s s  when a i r  u n s ta b le  compounds a r e  t o  b e  i n v e s t i g a t e d .  

H ow ever, i t  h a s  p ro v e d  p o s s ib le  t o  o b ta in  Raman s p e c t r a  

o f  some s o l i d s  by th e  n o v e l m ethod o f  p l a c in g  th e  s o l i d ,  

i n  i t s  ampoule, m ere ly  b e n e a th  th e  l a s e r  beam i By a d j u s t i n g  

th e  h e ig h t  o f  th e  ampoule c o r r e c t l y ,  a s a t i s f a c t o r y  sp e c tru m  

c o u ld  som etim es be  a c h ie v e d .  T h is  m eth o d  c an  o n ly  b e  u s e d  

i n  th e  ’a u to -m o d e ’ b u t  u s in g  i t ,  a  v e ry  good sp e c tru m  o f  

(NEt^ ) [iTbClg ] was o b ta in e d ,

V /ith l i q u i d s  and s o lu t io n s  th e  l a s e r  was g e n e r a l l y  

more s u c c e s s f u l  i n  e x c i t a t i o n  o f  th e  sam ple . The 3 m l, 

l i q u i d  c e l l  h o ld e r  s u p p lie d  was b o th  e a sy  to  u s e  and  a l i g n  

p r o p e r l y .  I n  many c a s e s  i t  was n o t  found  n e c e s s a r y  ev en  t o  

f i l t e r  s o l u t io n  b e fo re  u s e .  T h is  i s  a m arked im provem en t 

on n o n - l a s e r  in struuK sn ts where any s c a t t e r i n g  m a t e r i a l  

te n d s  to  r u i n  th e  sp e c tru m . I n  m arked c o n t r a s t  to  

c o lo u r l e s s  s o l i d s ,  c o lo u r le s s  l i q u i d s  p ro v id e d  no 

d i f f i c u l t y  i n  e x c i t a t i o n  and v e ry  good s p e c t r a  w ere 

o b ta in e d .  The one n o ta b le  e x c e p tio n  to  t h i s  was fo u n d
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w ith  l i q u i d  w a te r ;  th e  b ro a d  weak f e a t u r e  n e a r  170 cm~^ 

c o u ld  n o t  be p r o p e r ly  l o c a te d .  Q u ite  good s p e c t r a  w ere 

o b ta in e d  i r r e s p e c t i v e  o f  w h e th e r th e y  w ere ru n  i n  th e  

’ a u to -m o d e ’ o r  w ith  th e  f i l t e r s  o u t .  F o r  u n s t a b le  l i q u i d s  

o r  th o s e  w hich m igh t c o rro d e  th e  c e l l  (w h ich  c o s t  £ 1 2 0 ) i t  

was fo u n d  p o s s ib l e  t o  im p ro v ise  w ith  a  home made c e l l  and  

s t i l l  o b t a in  r e a s o n a b le  s p e c t r a .  T h is  g l a s s  c e l l  h a s  th e  

sh ap e  shown i n  F ig u re  [2 * 7 ] . The p o in t  m arked X i s  

o p t i c a l l y  f l a t t e n e d  so  t h a t  none o f  th e  l a s e r  beam i s  l o s t  

by  r e f l e c t i o n .  The .dum ping m ir ro r  and  o p t i c s  d e s ig n e d  

f o r  u s e  w ith  th e  l i q u i d  m ic r o c e l l  a r e  u se d  i n  c o n ju n c t io n  

w ith  th e  c e l l  so  t h a t  th e  maximum num ber o f  t r a v e r s e s  o f  

th e  sam ple  c o u ld  be  o b ta in e d .  The c e l l  i n  f i x e d  i n  

p o s i t i o n  by a p ie c e  o f  p l a s t i c i n e .  F o r  l i q u i d s  w h ich  a r e  

th e r m a l ly  u n s ta b le  o r  f o r  a  low  te m p e ra tu re  s tu d y , a  

p a r t i c u l a r l y  s u c c e s s f u l  c o ld  c e l l  was d e s ig n e d  by  D r, D,M,

above home-made c e l l s  i s  u s e d . T here  a r e  two d i f f i c u l t i e s  

in v o lv e d  i n  u s in g  t h i s  sy s te m . P e rh ap s  th e  m ost im p o r ta n t  

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

th ro u g h  two s e p a r a te  g l a s s  v/indows. I t  i s  v e ry  h a r d  t o  

a r r a n g e  f o r  b o th  p i e c e s  o f  g l a s s  to  be  no rm al t o  th e  

r a d i a t i o n  and some l o s s  o f  s ig n a l  i s  i n e v i t a b l e .  A t f i r s t  

s i g h t  i t  m igh t a p p e a r  t h a t  th e  second  d i f f i c u l t y  was more
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s i g n i f i c a n t ;  i t  i s  t r i c k y  to  a l i g n  th e  c e l l  p r o p e r ly  

w ith  th e  sam ple h o ld e r  l i d  c lo s e d .  Hov/ever, b y  l e a v in g  

th e  l i d  open  and c lo s in g  th e  b l i n d s  in  th e  room a  

p e r f e c t l y  good sp e c tru m  c o u ld  be o b ta in e d  i n  th e  d a rk .  

A p a r t  from  th e s e  d i f f i c u l t i e s  th e  c o ld  c e l l  o p e r a te d  

p e r f e c t l y .  S p e c tr a  o f  s o l i d s  o b ta in e d  by  f r e e z i n g  l i q u i d s  

c o u ld  n o t  be  o b ta in e d ,  p resu m ab ly  b e c a u se  o f  to o  much 

s c o t t e r .

I t  was fo u n d  p a r t i c u l a r l y  sim p le  t o  o b t a in  

d e p o l a r i s a t i o n  r a t i o s  f o r  l i q u i d s ,  A dem o u n tab le  A h ren s 

p r is m  i s  q u i te  q u ic k ly  f i t t e d  be tw een  th e  sam ple  and  

m onochrom ator. M erely  by a l t e r i n g  th e  a l ig n m e n t  o f  t h i s  

p r is m  from  h o r i z o n t a l  t o  v e r t i c a l  and  ta k in g  th e  d i r e c t  

r a t i o  o f  th e s e  two r e a d in g s  from  th e  r e c o r d e r  i s  th e  

d e p o l a r i s a t i o n  r a t i o  ?  m easu red . I t  i s  Im p o r ta n t  t o  n o te  

t h a t  t h i s  r a t i o  r e f e r s  to  m easurem ent w ith  p la n e  p o l a r i s e d  

l i g h t .  I t  I s  u s u a l  to  q u o te  v a lu e s  ? ’ w ith  r e s p e c t  t o  

u n p o la r i s e d  l i g h t .  G e n e ra lly  P does n o t e q u a l  P ’ b u t  th e y  

can  b e  shown to  be r e l a t e d  by

P* = 2P
1 + P

A b an d  i s  s a id  t o  be  p o l a r i s e d  w henever th e  d e p o l a r i s a t i o n  

r a t i o  i s  l e s s  th a n  6 /7 . T h is  v a lu e  i s  d e te rm in e d  by
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quantum  m e c h a n ic a l c o n s id e r a t io n s  and  r e f e r s  t o  

m easurem ents w ith  u n p o la r is e d  l i g h t .  The above r e l a t i o n  

l e a d s  to  an  e q u iv a le n t  v a lu e  o f  3A  when d e a l in g  w ith  

p la n e  p o l a r i s e d  l i g h t .  The u se  o f  th e  p o l a r i s e r  i s  w e l l  

i l l u s t r a t e d  w ith  % TeCl@, The re g io n  400-200  cm^^ i s  

shown i n  F ig u re  [2 * 8 ] , The c o n tin u o u s  l i n e  show s th e  

sp e c tru m  o b ta in e d  w ith o u t th e  p o l a r i s e r  i n ,  w h ile  th e  

d o t te d  l i n e  i s  t h a t  o b ta in e d  w ith  i t  i n .  Thus t h e r e  a r e  

s e e n  to  be  two b an d s in  t h i s  r e g io n  w ith  th e  h i g h e r  one 

p o l a r i s e d .

Two p r a c t i c a l  c o n s id e r a t io n s  sh o u ld  be m e n tio n e d  

b e fo r e  t h i s  s e c t i o n  i s  c lo s e d .  The f i r s t  one i s  c o n c e rn e d  

w ith  how c lo s e  to  th e  e x c i t i n g  l i n e  Raman s h i f t s  c an  be 

o b s e rv e d . I t  m ig h t be th o u g h t t h a t  w ith  a  h ig h ly  

m onochrom atic  c o h e re n t  e x c i t i n g  l i n e  t h a t  s h i f t s  o f  o n ly  

10 cm"^ m ig h t b e  o b se rv e d , b u t  P e ik in -S lm e r  o n ly  c la im  t h a t  

s h i f t s  o f  g r e a t e r  th a n  30 cn~^ a r e  d e t e c t a b l e .  I n  p r a c t i c e  

no  b an d s  a t  s h i f t s  l e s s  th a n  65 have so  f a r  b e e n  

o b s e rv e d . The seco n d  p o in t  in v o lv e s  the  r e s o l u t i o n  o f  th e  

L R -I, The m onochrom ator i s  a d ju s te d  f o r  b e s t  r e s o l u t i o n
o

u s in g  an  a rg o n  lam p . T h is  h a s  an  e m is s io n  a t  6 6 7 ,7A w h ile  

th e  neon  i n  th e  l a s e r  h a s  an  e m is s io n  a t  667.8%, T h is  i s  

o b s e rv a b le  when th e  sp ik e  f i l t e r  i s  n o t  b e in g  u s e d .  The 

two e m is s io n s  a r e  s e p a r a te d  by j u s t  1 DN a t  2030 DN,
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The argon band corresponds to  a frequency o f  14,977 

w hile th e  neon one to  14,974 cra**̂  thus supp ly ing  two 

sharp  bands w ith only 3 se p a ra tio n . These bands

should  be c le a r ly  re so lv e d  when cond itions a re  optimum.

The p r a c t i c a l  t e s t  f o r  r e s o lu t io n  invo lves study  o f  th e  

459 cm band in  C 01* ; t h i s  i s  th e  symmetric b re a th in g  

mode o f  the te tra h e d ro n  and i s  very s tro n g . The c h lo r in e  

iso to p e  e f f e c t  i s  such th a t  th e re  i s  a 2 ,5  cm”*̂ s e p a ra t io n  

o f  two bands in  th i s  mode. I t  i s  of course f a r  more 

d i f f i c u l t  to  re so lv e  such a system  compared to  th e  above 

id e a l  case o f A r/Ne, While th e  Ar/Ile t e s t  worked 

p e r f e c t ly ,  the G 01* t e s t  was n ever ob ta ined  to  any r e a l  

s a t i s f a c t i o n .  Although s ig n s  o f  s p l i t t i n g  were in d ic a te d , 

th e se  s p l i t t i n g s  were im possib le  to  measure.



FIGURE 2.1  

Boltznann Distribution Curves.
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FIGURE 2 .2

Tranemission c h a ra c te r is tic  of the colour f i l t e r  (Pg).
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FIGURE 2o5

Background of LR-1 in the region of 2200DN Both 
with and without colour filter in*
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FIGURE 2 .4

Transmission characeristic of interference filter (F^), 
and resultant background spectrum near exciting line.

c\j

CVJ
UOISSIUJSUDJX o

A * transmission characteristic  
B « background w ithout f, 
C = backgroud w ith  F



FIGURE 2o5

Background spectrum when filters not in use.
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FIGURE 2 .6

Raman spectrum of ammonium hexachlorotellurate.
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B = without filters
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FICaEE 2.7

Sealed Raman cell for air-sensitive liquid samples.
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FIGURE 2.8

Haman spectrum of hexachlorotelluric acid.

?

Ê
u

O
O
C\J

UOiSSIUUSUDJi

A= Without polarizer \n{// ) 
B=With polarizer in ( x )



TABLE 2 .1

D ependence o f  1 s t  e x c i t e d  s t a t e  p o p u la t io n  on te m p e ra tu re  
an d  f r e q u e n c y .

( c a “ ^ )  T(“ K) 100

100 350 6 6 .3
100 300 6 1 .9
100 77 1 5 .4

200 350 4 3 .9
200 300 3 8 .3
200 77 2 .4

400 350 1 9 .3
400 300 1 4 .7
400 77 . 06

1000 350 1 .6
1000 300 0 .8
1000 77 I

3000 350 3E
3000 300 X
3000 77 *

350'^K i s  th e  t e n ^ e r a t u r e  o f  th e  beam o f  th e  P E -225 , 
300""K i s  room te m p e ra tu re  a n d  77“K th e  te m p e ra tu re  
o f  th e  c o ld  c e l l ,

X l e s s  th a n  ,0001
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CHAPTER THREE -  OCTMÎEDRAL AHIONS

3*1 I n t r o d u c t io n

The v i b r a t i o n a l  s p e c t r a  o f  h e x a h a lo g e n o m e ta l la te s  a r e  

w e l l  u n d e r s to o d . O nly below  130 cm"^ i s  th e  i n t e r p r e t a t i o n  

o f  t h e  i n f r a r e d  s p e c t r a  i n  any p o s s ib le  d o u b t. The f i r s t  

r e p o r t e d  i n f r a r e d  sp ec tru m  o f  an  [MC1@ a n io n  was by  Adams , 

He i n v e s t i g a t e d  th e  s p e c t r a  o f  th e  compounds K afH Clg] (M = 

I r ,O s ,P t ,P d )  b e tw een  400 an d  170 cmT  ̂ and c o n c lu d e d  th e  

a b s o r p t io n  n e a r  300 cmT^ v/as due t o  a  .m eta l c h lo r in e  

s t r e t c h i n g  f re q u e n c y  and  t h a t  below  200 cm~^ t o  a  b e n d in g  mode, 

F o r th e  s t r e t c h i n g  mode th e  c h lo r in e  i s o to p e  e f f e c t  was
37

o b s e rv a b le  and  u s u a l ly  th e  M-Gl s t r e t c h i n g  v i b r a t i o n  was

re s o lv e d *  S in c e  t h i s  f i r s t  w ork, many p a p e r s  h av e  b e e n
nn“ .18 ■*’3 1

p u b l i s h e d  w hich have  in c lu d e d  s p e c t r a  o f  [MX@J a n io n s .

Many o f  th e  i n v e s t i g a t i o n s  o n ly  s e a rc h e d  to  200 cm~^, and  

th u s  much work i s  s t i l l  l e f t  t o  p e rfo rm  b e fo re  co m p le te  

s p e c t r a  a r e  o b ta in e d ,

Avll th e  above i n f r a r e d  work was c o n c e rn e d  w ith  s o l id s *  

on th e  o t h e r  h an d  p r a c t i c a l l y  a l l  Raman i n v e s t i g a t i o n s  o f  

su ch  sy s te m s have b e en  l im i te d  to  s o lu t io n  m ea su re m e n ts . 

A lth o u g h  Raman s p e c t r a  o f  o c ta h e d r a l  a n io n s  have  b e e n  

a v a i l a b l e  s in c e  1934 i t  was o n ly  r e c e n t l y  t h a t  a c c e p ta b le  

d a ta  was o b ta in e d .  F o r exam ple , th e  f i r s t  i n v e s t i g a t i o n  o f
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[SnBPg]^ io n s  i n  s o lu t io n  c o n c lu d e d  th a t  t h i s  io n  h a d  

sym m etry . A lso , th e  p o s s i b i l i t y  o f  o b ta in in g  Raman 

s p e c t r a  from  d e e p ly  c o lo u re d  s o l i d  compounds h a s  o n ly  

a r i s e n  s in c e  th e  d is c o v e ry  o f  th e  l a s e r ,  Yoodward was 

a b le  to  s tu d y  some c o lo u re d  s o lu t io n s  by u se  o f  th e  

H elium  d is c h a r g e  lam p , b u t  t h i s  was n o t  p o w e rfu l enough  

to  excite  c o lo u re d  s o l i d s .  S in c e  th e  f i r s t  work o f  

.Voodward on [snC l* J o n ly  a  l i m i t e d  num ber o f  o t h e r
3 4 -37

sy s te m s  have b e e n  in v e s t i g a t e d .  No c o lo u re d  s o l i d

sam p les  have  so  f a r  b een  i n v e s t i g a t e d  and th e  o n ly  w h ite  

s o l i d s  i n v e s t i g a t e d  so  f a r  a re  (E t^N )2 [SnClg ] (Et^^N) [AsCIq ] 

and  C%[OeCl@ ] .  Thus th e  Raman s tu d ie s  d e s c r ib e d  i n

t h i s  c h a p te r  r e p r e s e n t  th e  f i r s t  com prehensive  s tu d y  o f  

s o l i d  com plex h a l i d e s .

The f i r s t  f o r c e  c o n s ta n t  c a l c u l a t i o n  on o c ta h e d r a l
24r

h a l i d e s  u s e d  a  m o d if ie d  U rey -B rad ley  fo rc e  f i e l d  . Q u ite  

good a g re em e n t was fo u n d  b e tw een  c a l c u l a t e d  en d  o b s e rv e d  

f r e q u e n c ie s  f o r  th e  n e u t r a l  m e ta l h e x a f lu o r id e s  w here 

th e  i n a c t i v e  mode, was a ls o  known from  c o m b in a tio n  b a n d s . 

C a lc u la t io n s  on h e x a c h lo ro  and bromome t a l l  a te  s  u s in g  th e  

same f o r c e  f i e l d  w ere a ls o  p e rfo rm e d , and re a s o n a b le  f o r c e  

c o n s t a n t s  o b ta in e d .  The o n ly  draw back w ith  th e  c a l c u l a t i o n s  

on th e  c h lo r o -  an d  bromo s p e c ie s  was t h a t  th e  i n f r a r e d  a n d  

Raman d a ta  u se d  r e f e r r e d  to  d i f f e r e n t  p h y s ic a l  s t a t e s  o f  th e
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sa m p le . T h is  t r o u b le  d id  n o t  o c c u r  f o r  th e  f l u o r i d e s  

b e c a u se  th e  f u l l  v i b r a t i o n a l  sp ec tru m  was o b s e rv e d  from  

th e  i n f r a r e d  sp e c tru m  o f  th e  v a p o u r. S in c e ,  a s  w i l l  be  

shown l a t e r ,  th e  Raman f r e q u e n c ie s  o f  th e  c h lo r o m e ta l l a t e s  

i n  s o l u t i o n  n e v e r  q u i te  compare e x a c t ly  w ith  th o s e  o f  a  

s o l i d  s a l t ,  th e  c a l c u l a t e d  f o r c e  c o n s ta n t s  f o r  th e s e  

sy s te m s  w i l l  be s l i g h t l y  i n  e r r o r .  F o r  th e  f i r s t  t im e , 

o b s e r v a t io n s  o f  th e  com plete  v i b r a t i o n a l  sp e c tru m  o f  

sam p les  i n  th e  one s t a t e  have now e n a b le d  a c c u r a te  

c a l c u l a t i o n s  o f  f o r c e  c o n s ta n ts  o f  th e s e  c h lo r o  and bromo 

s p e c i e s .  A lso  i n  t h i s  c h a p te r  th e  dependence  o f  f r e q u e n c ie s  

o f  th e  o n io n  end a s s o c i a t e d  fo rc e  c o n s ta n t s  w ith  v a r i a t i o n  

o f  c a t i o n  h a s  b e e n  i n v e s t i g a t e d .  I t  h a s  b e e n  p r e v io u s ly  

n o t i c e d  th a tV  3 , th e  i n f r a r e d  a c t iv e  s t r e t c h i n g  mode o f  th e  

o c ta h e d ro n ,  d o es  d e c re a s e  as th e  c a t io n  i s  in c r e a s e d  i n
2 1 ,3 0

s i z e .  VJhere o b s e rv a b le ,  th e  l a t t i c e  mode v a r ia t io n ,y ^ .  ,

o f  th e  c a t io n  h a s  a l s o  been  f o r  r e l a t e d  w ith  c a t i o n  w e ig h t.

I f  maximum in fo r m a tio n  i s  to  be  o b ta in e d  from  su c h  an  

i n v e s t i g a t i o n  th e n  ju d ic io u s  c h o ic e  o f  sy s tem  f o r  s tu d y  i s  

r e q u i r e d .  As f a r  a s  th e  Raman re q u ire m e n ts  a r e  c o n c e rn e d , 

th e  sam p le  m ust g e n e r a l ly  be b o th  a i r  s t a b l e  ah d  e i t h e r  

y e llo w  o r  o r a n g e - r e d  i n  co lo u r*  From th e  n o n - t r a n s i t  io n  

m e ta ls  th e  p a i r  o f  a n io n s  [SnClgJ and  [PbClg ] w ere 

o b v io u s  o n es  t o  c h o o se . The id e a l  t r a n s i t i o n  e le m e n t t o
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s tu d y  was P t  a s  [P tC l* ]  and  B?tBr@ "  a r e  y e l lo w  end  

r e d  r e s p e c t iv e ly *  i n  f a c t  o n ly  [ P t C l ^ f  was s t u d i e d  i n  

d e t a i l .  T h is  a n io n  i s  o f  s p e c i a l  i n t e r e s t  b e c a u se  o f  th e  

u n u s u a l  f e a t u r e  i n  i t s  s o l u t io n  Raman s p e c tru m -V g  was 

o b se rv e d  to  be  more in te n s e  t h a n ^ i .  W ith  th e  u n d e r s ta n d in g  

o b ta in e d  from  s tu d y  o f  th e  SnyPb and  P t  a n io n s ,  w here no 

e l e c t r o n i c  d i s t o r t i o n s  a re  e x p e c te d  to  o c c u r ,  i t  was 

th o u g h t  l i k e l y  t h a t  i n v e s t i g a t i o n  o f  th e  [TeX@ f  "  (X = 

C l , B r , l )  a n io n s  m ig h t p ro v e  f r u i t f u l .  The c h lo r id e  i s  

y e l lo w , b rom ide o ran g e  and io d id e  b la c k .

B e s id e s  th e  above a n io n s  b e in g  i n v e s t i g a t e d  i n  d e t a i l ,  

o th e r  o c ta h e d r a l  a n io n s  were s tu d ie d  l e s s  i h l l y  w here i t  

was th o u g h t u s e f u l  in fo rm a tio n  m igh t be o b ta in e d .
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3*2 F o rc e  C o n s ta n ts

C o n s id e r  a  m o lecu le  t h a t  i s  l a b e l l e d  i n  some 

c o - o r d in a te  sy s te m  by c o - o r d in a te s  o f  th e  ty p e  The

p o t e n t i a l  e n e rg y  o f  th e  sy stem  w i l l  be d e p e n d e n t on  th e  

ch an g es i n  th e  q ^ 's  and f o r  sm a ll d is p la c e m e n ts  i s  g iv e n

3N , 3N
30

hy

2V = ZVg + 2

+ h ig h e r  te rm s
3N 3N

= 2Vq + 2 2 1  A«1 + ^  f i j  1i <3.3

+■ h i g h e r  te rm s
1=1 1, 3=1

The c o e f f i c i e n t s  f ^  and f ^ j  a r e  th e  f o r c e  c o n s t a n t s .  The 

e x p r e s s io n  f o r  V c an  be s im p l i f i e d  by a num ber o f  

a s s u m p tio n s . I f  th e  energy  a t  e q u i l ib r iu m  i s  ta k e n  a s  

z e ro  th e n  one c a n  p u t  7^=0, A lso  when a l l  q ^* s a r e  z e r o  

th e n  th e  m o le c u le  i s  i n  e q u i l ib r iu m  p o s i t i o n  a n d  th e  e n e rg y  

o f  th e  sy s te m  i s  a  minimum. T h is  l e a d s  one t o  th e  r e l a t i o n *

( = f l )  = 0  f o r  1 = 1 , 2 , . . .  3N. ( 3 )

o

The l a s t  p o i n t  t o  remember i s  t h a t  f o r  v e ry  s m a l l  v i b r a t i o n s  

th e  te rm s  h ig h e r  th a n  q u a d ra t ic  can  be n e g le c t e d .

Rem em bering th e s e  above p o in t s  th e  e x p re s s io n  f o r  V i s  much
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s im p le r

2 v =  ^
i , j  = 1 

[H ote f i j  = f j i ]

The form  o f  V i n  (4 )  i s  th e  b a s i c  a ssu m p tio n  o f  th e  g e n e r a l

v a le n c e  f o r c e  f i e l d  [ G ,V ,F ,F ,] .  T here  i s  a f o r c e  c o n s ta n t

f o r  e v e ry  p a i r  o f  c o - o r d in a te s  i n  th e  m o le c u le  c o n s id e r e d .

I f  i n s t e a d  o f  c o n s id e r in g  changes i n  th e  p o s i t i o n  o f

th e  atom s i n  th e  m o le cu le  one c o n s id e r s  th e  ch an g e s  i n

th e  i n t e r n a l  c o - o r d in a te s  th e  form  o f  V i s  f u r t h e r

s i m p l i f i e d  t o  
3H-6

^  (5 )
i , j  = 1

i s  now c o n s id e r e d  t o  be  th e  change in  some i n t e r n a l  

c o - o r d in a te  from  i t s  e q u i l ib r iu m  v a lu e .  As  s t a t e d  above 

th e  G ,V .F .F , a llo w s  f o r  s t r e t c h i n g  and  b e n d in g  f o r c e  

c o n s ta n t s  a s  w e l l  a s  i n t e r a c t i o n  f o r c e  c o n s t a n t s  b e tw een  

e v e ry  p a i r  o f  s t r e t c h i n g  and b e n d in g  f o r c e  c o n s t a n t .

I f  t h i s  i n t e r a c t i o n  was t o t a l l y  n e g le c te d ,  one vrould be 

l e f t  w ith  th e  s im p le  v a le n c e  f o r c e  f i e l d  ( 3 ,V ,? , ? , ) .  T h is
39 —40

a llo w s  s t r e t c h i n g  and  b e n d in g  f o r c e  c o n s ta n t s  o n ly

B oth  th e  G ,V ,P ,F* and  th e  S ,V .F ,F , a re  in a d e q u a te  f o r  some
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c h e m ic a l a p p l i c a t i o n s .  From an  N atom sy s te m  (3N -6) 

f r e q u e n c ie s  a t  m ost can  be o b ta in e d  W t  th e  G .V .P .P . 

p o s t u l a t e s  a f a r  g r e a t e r  num ber o f  f o r c e  c o n s t a n t s .

T h is  means t h a t  th e r e  w i l l  be many d i f f e r e n t  s e t a  o f  

v a lu e s  o f  th e s e  f o r c e  c o n s ta n t s  t h a t  w i l l  s a t i s f y  th e  

o b se rv e d  f r e q u e n c ie s .  The c h o ic e  o f  th e  c o r r e c t  s e t  

c an  som etim es be h e lp e d  by  u s e  o f  i s o t o p i c  s u b s t i t u t i o n  

w hich  i s  assum ed to  change th e  f r e q u e n c ie s  b u t  n o t  th e  

p o t e n t i a l  f i e l d .  U s u a lly  hovrever, t h i s  m ethod i s  

im p r a c t ic a b le  an d  th e  G .V .P .P , h a s  to  be ab andoned  i n  

f a v o u r  o f  a  s im p le r  f i e l d .  The S .V .F .F , i s  u s u a l ly  to o  

s im p le  to  be  u s e f u l ;  g e n e r a l ly  th e r e  a r e  f a r  l e s s  f o r c e  

c o n s ta n t s  th a n  f r e q u e n c ie s  and  one h a s  to  be  s a t i s f i e d  

w ith  a  " b e s t - f i t * .  The above d i f f i c u l t i e s  c an  be  

i l l u s t r a t e d  by  a  b e n t  XYg sy s te m . The i n t e r n a l  

c o - o r d in a te s  a r e  shown i n  th e  f i g u r e  below
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Tho G ,V ,P ,P , e x p r e s s io n  f o r  th e  p o t e n t i a l  e n e rg y  i s  g iv e n  

by  e q u a t io n  [6 ]  w h ile  th e  3 ,V ,P ,P . r e p r e s e n t a t i o n  i s  

s h o rn  i n  e q u a t io n  [ 7 ] .

= f i i  ) + f i ^  (^^2 ) + ^33 r*• (A(%) + 2fjL2 )

+ 2 f i o  r  (A f l)  (Aa) + 2 fi3  rr(AT2 ) (&a) [6 ]

2V = f i i  + f i i  ( A r ^ f  + foe r f  ( A a f  [ 7 ]

The G ,F .V ,V , r e q u i r e s  t h e r e f o r e ,  f o u r  f o r c e  c o n s t a n t s  w h ile  

tlie  G ,V ,P ,F *  o n ly  tw o . An %  m o lecu le  h a s  t h r e e  

fu n d a m e n ta l v i b r a t i o n s  w hich  shows t h a t  th e  G ,V *P ,F , i s  

to o  c o m p lic a te d  w h ile  th e  G ,V ,F ,F , to o  s im p le , W ith  some 

c o m p lic a te d  m o le c u le s  th e  d i s c r e p a n c ie s  b e tw ee n  th e  num bers 

o f  f o r c e  c o n s t a n t s  and  f r e q u e n c ie s  becom es l a r g e .

The m ost u s e f u l  ty p e  o f  f o r c e  f i e l d  w ou ld  be one i n  

w hich  th e r e  w ere th e  same number o f  f o r c e  c o n s t a n t s  a s  

f r e q u e n c ie s  and  w here a  l a r g e  p e rc e n ta g e  o f  th e s e  c o n s ta n t s  

w ere  p h y s i c a l ly  m e a n in g fu l . P e rh a p s  th e  b e s t  com prom ise 

in v o lv e s  th e  a ssu m p tio n  o f  th e  U re y -B ra d le y  f i e l d  (U ,B ,P ,P . ) 

t h i s  i s  e q u iv a le n t  t o  th e  S ,V ,F *P . b u t  a l s o  in c lu d e s  

r e p u l s i v e  f o r c e  c o n s ta n t s  betw een  non  bonded  a to m s. The 

a d v a n ta g e  o f  t h i s  f i e l d  o v e r th e  G .V ,P ,P , i s  tw o - f o ld .  The 

m ost im p o r ta n t  one i s  th e  num ber o f  f o r c e  c o n s t a n t s  i s  f a r  

l e s s  th a n  i n  G .V .P .P , an d  do te n d  to  have more o b v io u s  

p h y s i c a l  m ean ing . The second  a d v a n ta g e  i s  t h a t  i t  i s
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e a s i e r  t o  t r a n s f e r  U .B .P .P , c o n s ta n t s  from  one m o le c u le  

t o  a n o th e r .  One d is a d v a n ta g e  o f  U ,B ,P ,P , o c c u r s  w ith  

h ig h ly  sym m etric  m o le c u le s .  F o r  such  m o le c u le s  sym m etry 

p r o p e r t i e s  te n d  to  re d u c e  th e  num ber o f  d i f f e r e n t  f o r c e  

c o n s t a n t s  from  a  r e a s o n a b le  num ber to  a n  in a d e q u a te ly  sm a ll 

num ber. I t  i s  p e rh a p s  n o t  e x a c t ly  t r u e  t o  s a y  t h a t  th e  

U .B .P .P , i s  a  h y b r id  b e tw een  G .V .P .P , a n d  S .V .P .P . b e c a u se  

th e  i n t e r a c t i o n  c o n s ta n t s  i n  U .B .P .P , a r e  r e p u l s iv e  w h ile  

i n  G .V .P .P , th e y  a r e  a t t r a c t i v e .  N e v e r th e le s s  i t  i s  a  

u s e f u l  way to  im ag in e  i t .

The c o n s t r u c t io n  o f  th e  p o t e n t i a l  e n e rg y  P -m a tr ix  

a ssu m in g  a  U .B .P .P . w i l l  now be  g iv e n . The m ost g e n e r a l  

s ta te m e n t  o f  th e  U .B .P .P , i s

V = g  + s' 1 )I ( ^ l ) '

1

1 <3

^  t + S i j S j i P i j ]  ( a r i )  ( A r ^

1 ( 3

 ̂ j  A j  )

1?*3  [8 ]
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w here

Id (r^--I>d c o s  ) A i j [ 9 ]

j i  ° h - -r^ 008 ) A i j [1 0 ]

id  = (^d S in  ) A i j [ U ]

^di = ( ' i s i n  0^3  ) A i j [1 2 ]

2
\ i d  = + V  °osC ® id) [1 3 ]

w ith  rj^j = r ^ r j  [1 4 ]

an d  r e p r e s e n t  s t r e t c h i n g  and  b e n d in g  f o r c e  c o n s t a n t s  

r e s p e c t i v e l y  w ith  î \  . b e in g  th e  r e p u ls iv e  c o n s t a n t ;  P ,  ^
3 - 1 /  p

i s  n o rm a lly  ta k e n  a s  b e in g  i j '

F o r  th e  p u rp o se  h e re  i s  i s  c o n v e n ie n t to  r e p r e s e n t  [8 ]

a s

+  ^  [ « 1  ]  j  ]  )  ( r i  1  j  )  [ 1 5 ]

The G .V .P .P . M a tr ix  P w i l l  be  a  sq u a re  a r r a y  o f  te rm s  shown 

i n  e q u a t io n  [1 6 ] .
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r=

O nly i n t e r n a l  c o o rd in a te s  w hich  a re  bond s t r e t c h e s  o r  

a n g le  b ends a r e  c o n s id e re d .  To a r ra n g e  f o r  a l l  e le m e n ts  

o f  P t o  h av e  th e  same d im e n sio n s  i t  i s  c u s to m a ry  to
2

m u l t ip ly  a l l  e le m e n ts  i n  b lo c k  B by r  and  a l l  i n  C by  r  . 

Thus th e  te rm s  r^Uy^ and  I n  b lo c k s  B a n d  C

r e s p e c t i v e l y  become r  r^Cy^ an d  % x “ya* n o t

n e c e s s a r y  t o  do t h i s ,  b u t  i t  i s  u s e f u l  i n  t h a t  i t  e n a b le s  

ong to  f o l lo w  w hat i s  h a p p en in g  more e a s i l y .  The r e l a t i o n  

b e tw een  P and  th e  p o t e n t i a l  e n e rg y  i s  q u i te  c lo s e *

C o n s id e r  th e  row v e c to r  o f  th e  i n t e r n a l  c o o r d in a te s  

( r i  . . .  r^^, Oi . . .  o - J  « P , The m a tr ix  e x p r e s s io n  PPP^ 

i s  a  (1 x1 ) m a tr ix  ( i* e*  a p u re  num ber) and  i s  i n  f a c t  th e  

p o t e n t i a l  e n e rg y  o f  th e  sy stem  c o n s id e re d .

The s im p le  e m p ir ic a l  r u l e s  f o r  o b ta in in g  th e  fo rm  o f  

th e  U .B .P .P . can  now be s t a t e d .  C o n s id e r  e ac h  o f  th e  t h r e e  

b lo c k s  o f  t iie  m a tr ix  P i n  t u r n .
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B lo ck  A

2
I n  t h i s  b lo c k  t h e r e  a i e  two ty p e s  o f  te rm , th e  

o n es  and  th o s e  o f  form  (£kr^X6r^), Those te rm s  I n v o lv in g

th e  l i e  on th e  d ia g o n a l  o f  m a tr ix  A, and  th e

c o e f f i c i e n t s  a r e  g iv e n  s im p ly  by 8^^. The o f f - d ia g o n a l  

te rm s  w hich  in v o lv e  ^ r j )  have  a s  c o e f f i c i e n t  C ^,

B lo ck  B

The e le m e n ts  o f  t h i s  m a tr ix  In v o lv e  te rm s  o f  th e

g e n e r a l  form  (6 r^  ) (A a^^) b u t  n o t a l l  a r e  r e p r e s e n te d  i n

th e  U .B .P .P , O nly th o s e  te rm s w hich h av e  j  o r  K e q u s^  t o  i  

a r e  in c lu d e d *  th u s  i f  n e i t h e r  j  o r  K a r e  e q u a l  to  i ,  th e  

c o e f f i c i e n t  i s  z e r o .  F o r  tlie  te rm s w here one o r  o t h e r  o f  

j  o r  K i s  e q u a l  t o  i  th e  c o e f f i c i e n t  i s  g iv e n  by  d ^ ^ j 

w here ( j ,K )  i s  t h a t  v a lu e  o f  j  o r  K ITOT e q u a l  to  i .  T h is  

r u l e  i s  b e s t  e x p la in e d  by an  i l l u s t r a t i o n .  I n  th e  f ra g m e n t 

o f  th e  p o t e n t i a l  e n e rg y  m a tr ix  below  th e  v a lu e s  o f  th e  

c o e f f i c i e n t s  a r e  shown.

a±: «04

13

2 1

0 1
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B lo ck  C

The G .V .P .P . a l lo w s  f o r  th e  m ost g e n e r a l  ty p e  o f  

te rm  i n  t h i s  b lo c k ,  i . e .  th e  U .B .P .P ,

o n ly  in c lu d e s  te rm s  o f  th e  fo rm  j  ) .  Thus a l l

non d ia g o n a l  te rm s  a r e  z e ro  w h ile  th o s e  w hich  l i e  on th e  

d ia g o n a l  have  c o e f f i c i e n t  b ^ j .

T h ere  i s  one c o n d i t io n  t o  th e  above r u l e  w h ich  ta k e s  

p r i o r i t y  o v e r  them . I f  th e  p a i r  o f  i n t e r n a l  c o o r d in a te s  

c o n s id e r e d  i n  a  p a r t i c u l a r  te rm  do n o t  h av e  a  common atom  

th e n  th e  v a lu e s  o f  th e  c o e f f i c i e n t  i s  z e ro  an d  n o t  t h a t  

a s  g iv e n  b e f o r e .

The a c t u a l  v a lu e  o f  th e  c o e f f i c i e n t s  a , b , c , d ,  a r e  

fo u n d  by  i n s p e c t io n  on e q u a t in g  e q u a t io n  [1 5 ]  w ith  

e q u a t io n  [ 8 ] ,

The above m ethod o f  d e te r m in in g  th e  form  o f  th e  

f o r c e  c o n s t a n t s  h a s  b e e n  g iv e n  i n  some d e t a i l  b e c a u se  

a l l  to o  o f t e n  a u th o r s ,  i n  t h e i r  p a p e r s ,  i n d i c a t e  t h a t  

th e  c o e f f i c i e n t s  o f  th e  U .B .P .P , w ere o b ta in e d  by  

c o m p a riso n  w ith  t h e  g e n e ra l  f i e l d ,  b u t  do n o t  i n d i c a t e  

e x a c t ly  how t h i s  was a c h ie v e d .  J u s t  th e  o p p o s i te  i s  t r u e  

w here s y m m e tr iz a tio n  o f  th e  P - m r t r ix  i s  c o n s id e r e d .  T h is  

i s  done i n  e x a c t l y  th e  same m anner a s  th e  G -m a tr lx , i s
3 8

v e ry  w e l l  docum ented  , and  n e e d  n o t  b e  d w e lt  u p o n  h e r e .
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F o r an  o c ta h e d r a l  m o lecu le  MXg th e  c o n v e n t io n a l  

i n t e r n a l  c o o r d in a te s  ta k e n  a re  shown i n  F ig u re  [3 * 1 ] .  

The n e c e s s a r y  sym m etry c o o rd in a te s  a re

Si ( A ± g ) ( / / î ) ( r i  + Ta + Ta + r* + Ta + r . )

S3 (I^g) - ( ^ / / Ï s ) ( 2 r 5  + 2rg -  - Fa - r * )

So (F lu ) (^% /r)(r5  -  rg )

S^ (F lu) \  / f S  ) ( r  ) (ag 1 .« 6 2  +oiga +cxg *-«« 1 “«aa -«63 - « s . )

S 5 (Fag) ( /2  ) (r )  («la -cfe 3 +“a *-«*i )

Sa (Fau) ( )(«Gi"0:5a +«6o"«6t"«@ i +«62“ 163 40tg*)

U sin g  th e  c o e f f i c i e n t s  o f  th e s e  c o o rd in a te s  a s  th e  e le m e n ts  

o f  th e  U -m a tr ix , and  rem em bering  th e  e q u iv a le n c e  o f  b onds 

an d  a n g le s  i n  a n  IDCg m o le c u le , th e  r e s u l t i n g  e le m e n ts  o f  

th e  F -m a tr ix  a f t e r  sy m m e tr iz a tio n  (URT  ̂ ) on th e  U .B .F .F . 

a r e  fo u n d  t o  b e  ;

( A ig ) ,  P , i  = K 44?

( E g ) ,  = K + ?  4- 3 ?

( E i u ) »  ? 3 D =  K  +  2 ( P  +  p l ) ,  F g *  =  P  +  F t *  -  H  +  % ( P + F ^  )

( P « g ) ,  P b s  =  H  ( P + / )

( P « u ) ,  P e e  =  H  + * /4  ( P + p U

T hese e le m e n ts  can  be f u r t h e r  s im p l i f i e d  by  u s in g  th e  

s t a n d a r d  a s su m p tio n  t h a t  = - P / i o .  K, H an d  P r e p r e s e n t
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th e  M-X s t r e t c h i n g ,  X-II-X b en d in g  and  X  X r e p u l s iv e

f o r c e  c o n s ta n t s  r e s p e c t iv e ly .  I n  th e  norm al c o o rd in a te  

a n a ly s e s  t h a t  fo l lo w  th e  m o d if ie d  U re y -B ra d le y  f o r c e  

f i e l d  (U .U .B .P .P , ) was u se d . T h is  fo l lo w s  th e  t r e a tm e n t
3 4

o f  n i r a i s h i  , H ere two f u r t h e r  i n t e r a c t i o n  f o r c e  

c o n s ta n t s  a r e  e n v is a g e d . One o f  them. A, r e p r e s e n t s  

i n t e r a c t i o n  b e tw een  a d ja c e n t  bonds w h ile  th e  o t h e r ,  B, 

a l lo w s  f o r  i n t e r a c t i o n  betw een any tv/o a n g le s  o f  tJne 

o c ta h e d ro n  t h a t  a r e  n o t  c o p la n a r .  U sing  t h i s  m o d if ie d  

sy s tem  H i r a i s h i  h a s  shown t h a t  th e  e le m e n ts  o f  P - m a tr ix  

a r e  now

P i i  = K + A + 4 P , P32 = K + A + 0*7P, Poo -  K -  A + 1*8P,

P34 = 0 '9 P ,  P44 = H -f 2B + 0 '5 5 P , Pfis “ H + 0*55P

and  Fee = H + 0*55P -  2B,

W ith  t h i s  f i e l d  f i v e  fo rc e  c o n s ta n ts  can  b e  fo u n d  t o  

g iv e  an  e x a c t  f i t  t o  th e  f iv e  o b se rv e d  f r e q u e n c ie s ,  a l th o u g h  

o n ly  K, th e  s t r e t h h i n g  fo rc e  c o n s ta n t ,  i s  c h e m ic a l ly  

m e a n in g fu l ,
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3*3 H exahalof^enoplû tlnates,

Raman s p e c t r a  o f  [P tC lg]® ” and [P tB rg f *  h av e  b e e n
19

o b se rv e d  i n  aqueous s o l u t io n  by Woodward an d  C re ig h to n  

u s in g  a h e liu m  d is c h a rg e  lam p. S p e c tr a  have  n o t  b e e n  

r e p o r t e d  b e fo re  f o r  th e  s o l i d s ,
3 2 , 1 8 , 8 4

Only th e  i n f r a r e d  s p e c t r a  o f  th e  p o ta s s iu m ,
3 6 3 4 3 0

cae s iu m , ammonium, and tetræ tby lam m onium  c h l o r o p l a t l n a t e s  

have  b e en  r e p o r te d  p r e v io u s ly  and  o n ly  be low  200 cmT^ f o r  

th e  p o ta s s iu m  s a l t .

The compounds Me [P tC l^  ] ,  = K ,R b ,C s,T l,IîH ^  ) a r e

known to  c r y s t a l l i z e  w ith  th e  f a c e  c e n t r e d  c u b ic  s t r u c t u r e .  

As w e ll  a s  e le m e n ta l  a n a l y s i s ,  a l l  th e  above compounds w ere 

c h a r a c t e r i s e d  by t h e i r  X -ray  pow der p h o to g ra p h s , and  

in d e x e d  on a f a c e  c e n t r e d  c u b ic  b a s i s .  The l a t t i c e  c o n s ta n t  

f o r  th e  th a l l iu m  s a l t  does n o t  a p p e a r  In  th e  l i t e r a t u r e  and

i s  a = 9*75A. The powder photographs o f  th e  s a l t s  w ith
I  n

M = Ag,U l*N , 3 t*N , Bu^IT, Ph^As and Phg I  w ere a l s o  ta k e n .

The s i l v e r  s a l t  was in d e x a b le  a s  fa c e  c e n t r e d  c u b ic  w ith

a  = 9 '9 3 A , T h is  i s  p e rh a p s  l a r g e r  th a n  w ould b e  ex p ec ted

s in c e  th e  i o n ic  r a d iu s  o f  Ag"*" i s  1*26A com pared  to  K*̂  f o r

w hich  th e  i o n ic  r a d iu s  i s  1 *33^ ;  KgPtClg h a s  an  a -  v a lu e  o f

o n ly  9*77?v, The methyl-ammonium s a l t  was in d e x a b le  on th e

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

For (h^ +k'“ +1  ̂ ) v a lu es  o f  g r e a te r  than  27 some fo rb id d e n
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r e f l e c t i o n s  w ere o b s e rv e d . The l a t t i c e  p a ra m e te r  f o r  

t h i s  s a l t  v/as 12»66A; 2*i+A l a r g e r  th a n  t h a t  o f  th e  

cae s iu m  a n a lo g u e . The d i s t o r t i o n  from  th e  c u b ic  s t r u c t u r e  

i s  p ro b a b ly  a r e f l e c t i o n  o f  th e  p a c k in g  r e q u ir e m e n ts  o f  

th e  m eth y l g roup  i n  th e  l a t t i c e ,  i . e .  th e  s t r u c t u r e  i s  s t i l l  

b a s i c a l l y  f a c e  c e n t r e d  c u b ic .  T h is  i s  s u p p o r te d  by  th e  

pow der p h o to g ra p h  o f  th e  te trn e th y lam m o n iu m  s a l t  w hich  i s  

a l s o  in d e x a b le  on a  c u b ic  b a s i s  (a  = 14"07%) b u t  h a s  

f o r b id d e n  l i n e s  a p p e a r in g  f o r  (h" +k  ̂ ) v a lu e s  a s  low  a s

2 1 , The p h o to g ra p h s  o f  th e  t e tra -n -b u ty lam m o n iu m  an d  

te t r a p h e n y la r s o n iu m  s a l t s  w ere p r o p o r t io n a te l y  more 

c o m p lic a te d , w h e th e r  t h i s  r e f l e c t s  m ere ly  a  more p ro n o u n ce d  

d i s t o r t i o n  o f  c u b ic  s t r u c t u r e  o r  a co m p le te  change o f  

s t r u c t u r e  ( s a y  a n t i - r u t i l e )  i s  n o t  c e r t a i n .  H ow ever, th e  

s p e c t r a  o f  th o s e  s a l t s  c o u ld  be  a s s ig n e d  on th e  a s su m p tio n  

t h a t  th e y  were isom orphoue w ith  th e  o th e r  c h l o r o p l a t i n a t e s .  

The pow der p h o to g ra p h  o f  th e  d ip h e n y lio d o n iu m  s a l t  v/as e v en  

more c o m p lic a te d  th a n  th e  te t r a p h e n y la r s o n iu m  s a l t  a n d  t h i s  

i s  ta k e n  a s  good e v id e n c e  t h a t  a new s t r u c t u r e  i s  a d o p te d . 

The p h o to g ra p h  was n o t  in d e x e d  b u t  was v e ry  s i m i l a r  t o  t h a t  

o f  th e  c o r re s p o n d in g  b ro m id e ,

A r e g u l a r  o c ta h e d r a l  s p e c ie s  h a s  y  (A ig ) ,  Vjj (Fg) a n d  

Vq (Fgg) Raman a c t i v e ; V q  (F±u) an d l^ ^  ( F iu )  i n f r a r e d  

a c t i v e ( F a u )  I s  i n a c t i v e .  T hese no rm al v i b r a t i o n s  a r e
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d e p ic te d  i n  F ig u re  [3 * 2 ] , The a b s o r p t io n  f r e q u e n c ie s  f o r  

th e  c h lo r o  and  bromo p l a t i n a t e s  s tu d ie d  a r e  l i s t e d  i n  

T a b le  [3*1 ] w ith  a s s ig n m e n ts ,  ïïoodward an d  C re ig h to n ^ ^  

fo u n d  f o r  [PtCl@]^ and [P tB rg f  t h a t  and  Vg a r e  c l o s e r  

t o g e t h e r  th a n  f o r  n o n - t r a n s i t i o n  m e ta l o c ta h e d r a l  h a l i d e s ,  

a n d  t h a t  th e  i n t e n s i t i e s  a re  i n  th e  u n u su a l o r d e r  Vq ^ y  ^ , 

The p ro x im ity  o f  th e  two s tre tc h in g  v i b r a t i o n s  i s  c o n firm e d  

f o r  th e  s o l i d  s a l t s  b u t  th e  r e l a t i v e  i n t e n s i t i e s  a r e  more 

v a r i a b l e .  F o r th e  p o ta s s iu m  and  caesium  s a l t s  y  i  an d V g  

a r e  o f  com parab le  i n t e n s i t y .  H a lf  b an d w id th s  a r e  c a ,  15 cm~^ 

Vs th e  Raman a c t i v e  band  i s  u n u s u a l ly  s t r o n g  b e in g  th e  m ost 

i n t e n s e  f e a t u r e  o f  th e  sp ec tru m  f o r  p o ta s s iu m , cae s iu m  a n d  

t e t r a e t h y l 8J:imonium s a l t s .  The spectrum  o f  K ^PtClg i s  shown 

i n  F ig u re  [2*3]» F o r  th e  o rg a n ic  c a t io n s  d i f f i c u l t y  was 

e x p e r ie n c e d  i n  e x c i t i n g  th e  sam p le s , W hether t h i s  i s  a  

f e a t u r e  o f  th e  p h y s ic a l  s t a t e  o f  th e s e  sam p les  o r  a  

d i l u t i o n  e f f e c t  i s  n o t  c e r t a i n .  The same d i f f i c u l t y  was 

fo u n d  w ith  th e  o th e r  h a lo m e ta l l a t e s ,  d i s c u s s e d  l a t e r .

I n  th e  i n f r a r e d  sp ec tru m  i s  a lw ays i n t e n s e  a n d  

s h a rp  ( c a ,  10 cmT^ h a lf - b a n d w id th ) b u t  v a r i e s  

c o n s id e r a b ly  w ith  change o f  c a t io n  and  i s  a t  l e a s t  tw ice  

th e  w id th  o f  V ^ , e x c e p t f o r  th e  ammonium s a l t  f o r  w h ich  th e  

h a l f  b a n d -w id th  v a lu e s  a re  V  ̂ , 30 cm**̂  and y ^ , 40  cm“  ̂ , 

x/a i s  a lw ays a sy m m etric  on th e  lo w -fre q u e n c y  s i d e ,  p ro b a b ly
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due t o  a b s o r p t io n  o f  [PtCl@ io n s  w ith  v a ry in g  p r o p o r t i o n s
0 7 ,

o f  C l ,  H a lf  b an d w id th s  in c r e a s e  in  th e  o r d e r  T1 (15  cm“ ) •  

ITH4 , Rb, CO (c a .2 0  cm ) ;  K, Ag, NMe*, NBu^, A sPh*, ( c a .

30  cm*^ ) ; HRt* (55 cm ~^). The g e n e ra l  f e a t u r e s  o f  th e s e  

f o u r  c l a s s e s  a re  d e p ic te d  i n  F ig u re  [3*4], The s i l v e r  s a l t  

i s  u n u s u a l  in  h a v in g  a t  215 cm“^ , 20 cm"^ h i g h e r  th a n  any  

o t h e r 7^*; ^ 3  how ever i s  a t  a  q u i te  r e a s o n a b le  f r e q u e n c y . 

U sin g  d ip h en y lio d o n iu m  a s  c a t io n  c a u se s  a  change  i n  

s t r u c t u r e  from  t h a t  o f  K eP tC lg , r e f l e c t e d  i n  a r e l a x a t i o n  

o f  th e  s e l e c t i o n  r u l e s .  The d ip h e n y l iodonium  c a t i o n  i s  

p resu m ab ly  b e n t  b e in g  fo rm a lly  an a lo g o u s to  EqO i n  s t r u c t u r e ,  

i , e ,  two l ig a n d s  a n d  two lo n e  p a i r s  c o o rd in a te d  t o  th e  

c e n t r a l  atom i n  a t e t r a h e d r a l  m anner, v /ith  th e  lo n e  p a i r s  

f o r c i n g  th e  l ig a n d s  c lo s e r  to g e th e r  th a n  r e q u i r e d  b y  T^ 

sym m etry. D ipheny l iodonium  c h lo r id e  h a s  two r e g io n s  o f  

a b s o r p t io n  b e tw een  410 and  200 cm~^ ; a d o u b le t  o f  medium 

I n t e n s i t y  c e n t r e d  on  260 cm“  ̂ w h ile  a  v.'eaker f e a t u r e  a p p e a rs  

a t  403 cm”  ̂ , F o r th e  h e x a c h lo r o p la t in a te  V 3 i s  s p l i t  a n d  a  

weak-medium band  a p p e a rs  a t  338 cm~^, c o in c id e n t  w i th  th e  

Raman v a lu e  f o r ^ i , V g m igh t a l s o  be  p r e s e n t  b u t  w ould  

b e  o v e r l a id  by th e  s p l i t  V g , and  Vg a r e  a l s o  c l e a r l y  

s p l i t ,  and  a  s t r o n g  band  a p p e a rs  a t  86 cm  ̂ w hich  i s  

a s s ig n e d  to  th e  I n f r a r e d  a c t iv e  compbnent o f  Ve (v id e  

i n f r a ) .  T ak in g  a v e ra g e  v a lu e s  f o r  th e  s p l i t  b a n d s i s
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c a l c u l a t e d  to  be  a t  91 cm~  ̂ , In  good ag reem en t w ith  th e  

e x p e r im e n ta l  v a lu e .  These r e s u l t s  a re  c o n s i s t e n t  w ith  th e  

com plex a n io n  h a v in g  Cay s i  t e - sym m etry, a s  i n  th e  h e x a g o n a l
3 0

s t r u c t u r e  . They a re  n o t  c o n s i s t e n t  w i th  a  l a y e r  

s t r u c t u r e  o f  th e  b i s  (p - to lu id in iu m )h e x a c h lo ro r h e n a te  ( IV ) 

ty p e  , w hich r e q u i r e d  s ite -sy m m e try  f o r  th e  com plex  

a n io n . The c o r r e l a t i o n  t a b l e  f o r  !.!Xg m o le c u le s  i s  g iv e n  

be low .

y± Vs Vo

°h " ig - g ^lU ^ lu ^2 g ^2U

^3 2 A± E +E Ai -i-7: Al +E Aig +E

Ci Ag 2Ag 3Au 3 /^ 3Ag 3Au

W ith Cgy sym m etry +Eg a re  i n f r a r e d  a c t iv e  w h ile  Au 

i s  i n f r a r e d  a c t iv e  i n  C i sym m etry, V g [ i n  (Phg 1 )g P tC lg  ] 

was n o t  o b se rv e d  i n  th e  Raman sp ec tru m , b u t t h i s  i s  n o t  

c o n c lu s iv e  a s  th e  p e rfo rm an ce  o f  th e  in s tru m e n t  w ith  s o l i d s  

a t  v e ry  low  s h i f t s  i s  n o t  v e ry  good; a l s o ,  th e  d i f f i c u l t y  

o f  e x c i t a t i o n  o f  sam ples w ith  o rg a n ic  c a t io n s  h a s  a l r e a d y  

b een  m e n tio n e d . I n  c o n t r a s t  to  th e  c h lo r id e  (Phg I  )g [PtBr@ ] 

shows o n ly  a  s in g le  sh a rp  V ( P t-B r )  band i n  th e  i n f r a r e d  

sp e c tru m . T h is  i s  s u r p r i s i n g  in  view  o f  th e  f a c t  t h a t  th e  

pow der p h o to g ra p h  was s i m i l a r  to  t h a t  o f  th e  c h l o r i d e .
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A lth o u g h  Eg P tB rg , a  to m ato  r e d  s o l i d ,  gave a  good Raman 

sp e c tru m , th e  PhgI s a l t  was to o  brow n to  g iv e  o n e .

H ost o f  th e  compounds u s e d  h av e  f u r t h e r  a b s o r p t io n

a t  v e ry  low  f r e q u e n c ie s .  T hese  b a n d s , whose o r i g i n  h a s
1 2 , 2 1

b e e n  d i s c u s s e d  p r e v io u s ly ,  c o u ld  b e  e i t h e r V ^  o r

l a t t i c e  modes a s s o c i a t e d  w ith  th e  c a t i o n s .  I f  th e y  w ere

due to  Vg th e  change o f  s e l e c t i o n  r u l e s  im p lie d  w ould

r e q u i r e  s p e c t r a  o f  th e  c o m p le x ity  o f  t h a t  o b se rv e d  f o r

(P h g  I  )g [P tC lg  ] ,  and  t h i s  i s  n o t  fo u n d . T h e i r  dependence

upon c a t i o n  m ass, a s  shown i n  F ig u re  [3 * 5 ] , a rg u e s  s t r o n g l y

f o r  t h e i r  a s s ig n m e n t a s  t r a n s l a t i o n a l  l a t t i c e  m odes. On

m ass c o n s id e r a t i o n s  a lo n e ,  Phg I"** w ould b e  e x p e c te d  t o  t r a n s l a t e

ca, 55 cm”^ ; t h i s  s t r e n g th e n s  th e  a s s ig n m e n t o f  th e  86 cmT^

b an d  t o ) /  g , The change i n  s i t e  sym m etry from  0^  t o  Cgy w ould

n o t  be  e x p e c te d  to  have  a  p ro fo u n d  e f f e c t  oii th e  p o s i t i o n

o f  th e  l a t t i c e  mode. T h is  s ta te m e n t  c an  be s u p p o r te d  by a

c o m p a riso n  o f  th e  l a t t i c e  modes in  th e  u n r e l a t e d  sy s te m s  
“is

HgPtCl* and  KgPtCl^ [M a  K ,R b ,C ô j ' th e  b a n d s  a t t r i b u t e d  

to  th e  l a t t i c e  modes a r e  l i s t e d  b e lo w  ( i n  cm“ ^ ) ,

% [P tC l* ] M g[P tC lg ]

K 106 106

R b 82 84

Cs 80 73
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A lth o u g h  s e v e r a l  f o r c e  c o n s ta n t  c a l c u l a t i o n s  h av e  

b e e n  made f o r  com plex  h a l i d e s ,  none h a s  b e e n  made w ith  

Raman and  i n f r a r e d  d a ta  w hich  r e l a t e d  t o  th e  same s t a t e .  

C om parison  o f  th e  Raman f r e q u e n c ie s  o f  [P tC lg  ]"
1 9

o b ta in e d  i n  a ru e o u s  s o l u t i o n  w ith  th e  s o l i d  s t a t e  

v a lu e  shows t h a t  no one c a t io n  f i t s  th e  s o l u t i o n  v a lu e s  

and  t h a t ,  c o n s e q u e n t ly ,  f o r c e  c o n s ta n t s  c a l c u l a t e d  u s in g  

d a ta  from  d i f f e r e n t  s t a t e s  a r e  s l i g h t l y  i n  e r r o r .  F o rce  

c o n s t a n t s  c a l c u l a t e d  h e r e  h ave  u se d  a  m o d if ie d  U re y - 

D ra d le y  f o r c e  f i e l d  m en tio n ed  p r e v i o u s ly ,

A bram ow ita an d  L e v in  have  r e c e n t l y  made a c o m p a riso n

b e tw een  f o r c e  c o n s ta n t s  o b ta in e d  u s in g  t h i s  f i e l d  an d  

th o s e  o b ta in e d  w ith  th e  g e n e r a l  f i e l d ;  th e y  c o n c lu d e d  

t h a t  th e  MUBFF y i e l d s  v a lu e s  f o r  th e  p r i n c i p a l  f o r c e  

c o n s ta n t s  i n  good a g re e m e n t w ith  th o s e  o b ta in e d  from  th e  

g e n e r a l  f o r c e  f i e l d .  U s in g  a  co m p u ter i n i t i a l  v a lu e s  o f  

th e  f o r c e  c o n s ta n t s  were r e f i n e d  u n t i l  an  e x a c t  f i t  was 

o b ta in e d  w ith  th e  o b se rv e d  v a lu e s  o f  V i  t o  %/#. V e  was 

th e n  c a l c u l a t e d .  F o rc e  c o n s ta n t s  a r e  l i s t e d  i n  t a b l e  [3*2] 

a n d y 6 i s  in c lu d e d  i n  t a b l e  [3 *1 ] .

F o r Mg [ P tC lg ] th e r e  i s  an  a p p ro x im a te  l i n e a r  d e c re a s e  

i n  K, th e  s t r e t c h i n g  f o r c e  c o n s t a n t ,  w ith  i n c r e a s e  i n  

i o n ic  s i z e  from  Ag*" t o  Cs**’, a f t e r  w hich  a l i m i t i n g  v a lu e  

o f  1*73 to  1*74 m i l l id y n e s / i i  i s  r e a c h e d  f o r  th e  l a r g e



83.

o rg a n ic  c a t io n s .  T h is  i s  r e l a t e d  to  th e  g e n e r a l  lo w e r in g  

o f  th e  th r e e  s t r e t c h i n g  f r e q u e n c ie s  in  th e  same se q u e n c e , 

shov/n m ost c l e a r l y  by V 3 . The p l o t  o f  K v e r s u s  i o n i c  s i z e  

i s  shown i n  F ig u re  [3 * 8 ] ;  th e  r a d iu s  o f  th e  alkyl-am m onlum  

io n s  were ta k e n  a s  th o se  i n d ic a te d  by c a l c u l a t i o n s  on 

l i m i t i n g  m o b i l i t i e s  by S to k e s  law

The o range compound K gPtC l^B rg, fo rm ed  by  r e a c t i o n  o f
46

brôm ine w ith  p o ta s s iu m  c h l o r o p l a t i n i t e  , h a s  th e  s p e c t r a  

g iv e n  i n  t a b l e  [3 * 3 ] . I t  c o u ld  be c i s -  o r  t r a n s -  

Kg [PtC l^B rg ] ,  o r  a  2*1 m ix tu re  o f  Kg [P tC l^  ] an d  Ku [PtBr@ ] .  

The c o r r e l a t i o n  b e tw een  0^ and  b o th  D*n and Cgy i s  g iv e n  

b e lo w .

V V V V V
1 3 3 4 5 6

Oh A±g Sg F lu F iu Pag F2 U

0*h A±g A ig + B ig As u +E-q AgU+Eu 3^g+Eg BgU+Fu

O3  V Ai Al +Ag A i+B i +Bg A± +Bi +Bg A i +B  ̂+Bg Ag +Bi +B;

F o r symmetry ( t r a n s  fô rm u la tl-b h ) Ag u+ %  a re  i n f r a r e d  

a c t i v e  w h ile  Aj, g ,B ^ g , Bn g and  Eg a re  Raman a c t i v e .  F o r Cny 

( c i s  f o r m u la t io n )  a l l  bands a re  Raman a c t iv e  a n d  o n ly  Ag i s  

i n f r a r e d  i n a c t i ' / e .  The r e l a t i v e  s i m p l i c i t y  o f  th e  s p e c t r a  

r u l e s  o u t  th e  c i s  b u t  i s  c o n s i s t e n t  w ith  th e  t r a n s  

fo rm u le t i o n ,  a l th o u g h  i t  i s  n e c e s s a ry  to  assum e t h a t  th e  

s i te - s y m m e try  o f  th e  a n io n s  i s  lo w ered  s u f f i c i e n t l y  t o  a llO w
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V (P t-C l^ ) ,  1’:^ , to  be s p l i t  and  V ( P t- B r ) ,  A ^g, t o  be 

i n f r a r e d  a c t i v e .  The s p e c t r a  m ight a l s o  be i n t e z p r e t e d  

a s  th e  sun  o f  c o n t r ib u t io n s  from  [P tC lg  an d  [P tB rg  

b u t  th e  bands a r e  s h i f t e d  c o n s id e ra b ly  from  th e  p o s i t i o n s

f o r  th e  two s e p a r a te  p o ta s s iu m  s a l t s .  To c o n firm  th e

i d e n t i t y  o f  th e  compound, th e  X -ray  powder p h o to g ra p h  was 

ta k e n .  T h is  was in d e x a b le  on a  f a c e - c e n t r e d  c u b ic  b a s i s
o

assum ing  a= 9*90A^ The o b se rv ed  and  c a l c u l a t e d  v a lu e s  o f  

sii^G^ a re  shown i n  t a b l e  [3*4] • The compound th u s  i s  

n o t  a  m ix tu re  o f  c h lo r o -  and b r o m o p la t in a te s .  I t  i s  

s t r a n g e  t h a t  i t  p a ck s  i n  a c u b ic  l a t t i c e  b u t  t h i s  i s  

c o n s i s t e n t  v /ith  th e  i n t e r p r e t a t i o n  t h a t  t r a n s - [P tC l^ C lg  ] 

a n io n s  a r e  p ack ed  random ly in  c r y s t a l .  T h is  a l s o  e x p la in s  

th e  lo w e rin g  o f  th e  s i t e  symmetry p o s t u l a t e d  i n  th e  

i n t e r p r e t a t i o n  o f  th e  s p e c t r a .  The l a t t i c e  p a ra m e te r  

(9 * 9 0 l)  may be com pared w ith  th o se  o f  th e  c h l o r o p l a t i n a t e  

(9*76?i) and th e  b ro m o p la tin a te  ( I 0 * 3 0 l ) .

A f a i r  a p p ro x im a tio n  to  th e  modes and  a s s ig n m e n ts  o f

th e  s p e c t r a  o f  tra n s -[K g  PtC l^Brg ] can  be o b ta in e d  by

c a l c u l a t i n g  th e  e x p e c te d  modes f o r  th e  s e p a r a te  P tC l^  an d  

PtBrg m o e i t ie s .  T h is  i s  done be low .



85,

PtCl* (D*h) 
P ‘tBl’2 (D „  ) 

P tC l^+ P tB ra

I n f r a r e d

1 s t r e t c h ,  2 bends

1 s t r e t c h ,  1 bend

2 s t r e t c h e s ,  3 bends

Raman

2 s t r e t c h e s ,  1 b e n d

1 s t r e t c h

3 s t r e t c h e s ,  1 b en d

T h is  sh o u ld  be com pared w ith  th e  re q u ire m e n ts  c a l c u l a t e d  

u s in g  c o r r e l a t i o n  t a b l e s  which a re  2 s t r e t c h e s  an d  3 b e n d s  

i n  th e  i n f r a r e d  and  3 s t r e t c h e s  and 2 b ends i n  th e  Raman, 

T here  i s  th u s  one Raman a c t iv e  bend n o t  p r e d i c t e d  by 

t r e a t i n g  th e  two D*n snd  r e s id u e s  s e p a r a t e l y .  T h is

b en d  i s  p ro b a b ly  th e r e f o r e ,  a s s o c ia t e d  w ith  b o th  c h lo r in e  

an d  b rom ine b e n d in g . However, s in c e  i t  i s  c e r t a i n l y  b e lo w  

150 cm~^ i t  h a s  b een  a s s ig n e d  a s  m ain lyV ( P t - B r ) ,  The 

s t r o n g  band  i n  th e  i n f r a r e d  a t  92 cm”  ̂ a t t r i b u t e d  to  

y ( P t - B r ) ,  E ^, p ro b a b ly  a l s o  h a s  a  l a t t i c e  mode c o n t r i b u t i o n  

from  th e  p o ta s s iu m  io n s  in c lu d e d  in  i t .
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3*4 Hexach loro -3tannates and plumbates

Raman s p e c t r a  o f  aqueous s o lu t io n s  o f  [ s n C l g f *  and  

o f  [PbClg]^"’ have  b een  r e p o r te d  by Woodward and  Anderson**^, 

and  C re ig h to n  and  Woodward r e s p e c t iv e ly .  U s in g  He/iTe 

l a s e r  e x c i t a t i o n s  we have now e x te n d e d  th e s e  o b s e r v a t io n s  

to  s e r i e s  o f  th e  s o l i d  com plex c h lo r id e s  [MC1@] (M = 

S n ,P b ) , T hese compounds have  th e  c u b ic  K g [P tC lg ] s t r u c t u r e
T 47

f o r  M = K,Rb,Cs,NH4 , an d  X -ray  powder p h o to g ra p h s  f o r
T

M = HMe* and  N E ti can  a l s o  be  in d ex e d  on a  c u b ic  s t r u c t u r e .  

The NHe* s a l t s  were in d e x a b le  w ith  a  = 12*60A (M = S n) and  

a  = 12*71 (H = P b) b u t  a s  w ith  th e  p la t in u m  a n a lo g u e s  some 

f o rb id d e n  l i n e s  w ere o b se rv e d  f o r  h ig h  h k l  v a lu e s ;  ev en  

more d i s t o r t e d  were th e  NEt* s a l t s  in d e x e d  w ith  a  = 14*00A 

(M = Sn) an d  a = 14*11^ (H = P b ) ,  C o rre s p o n d in g ly  

(N B ^ )g [SnC lg] h a d  an  even  more c o m p lic a te d  pow der 

p h o to g ra p h  a s  d id  b o th  Ph.^As s a l t s .  The Phg I  compounds 

h a d  p h o to g ra p h  more com plex th a n th e  Ph^As s a l t s  a n d  t h i s  

i s  ta k e n  a g a in  a s  good e v id e n c e  t h a t  th ey  a d o p t a  d i f f e r e n t  

s t r u c t u r e  from  t h a t  o f  Ko [P tC lg ] ,

The i n f r a r e d  a c t iv e  s t r e t c h i n g  f re q u e n c y , V a , h a s  b e en  

o b se rv e d  f o r  [ S n C l , f  an d  [KOI, ] ,  (M  ̂ = K, Rb,

C s , N E t* ), (M = Sn, P b ) ," °* ^ ^  b u t  th e  o n ly  lo w e r  f re q u e n c y  

b a n d s  known a re  th o se  f o r  KgSnClg an d  (ITĤ  )g SnClg g iv e n  by
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28
Greenwood and  S tra u g h a n  , A s e r i e s  o f  th e s e  com plexes 

have  now b een  s tu d ie d  to  60 cm*"̂  , The b an d s o b se rv e d  

w ith  o b v io u s  a s s ig n a t io n s  a re  g iv e n  in  t a b l e s  [3 *5 ] an d  

[ 3 - 6 ] .

The y e llo w  h e x a c h lo ro p lu m b a te s  y ie ld e d  good Raman 

s p e c t r a  i n  w hich was c o n s id e ra b ly  s t r o n g e r  th a n V g  .

Some d i f f i c u l t y  was e x p e r ie n c e d  w ith  th e  w h ite  t i n  com plexes 

and  o n ly  Vi was fo u h d  i n  s e v e r a l  c a s e s ,  ev en  th o u g h  th e  

sam p les were m ic r o c r y s t a l l i n e .  S u r p r i s in g ly ,  d i f f i c u l t y  

h a s  b een  e n c o u n te re d  in  e x c i t i n g  Raman s p e c t r a  o f  many
o

o th e r  w h ite  o r  c o lo u r l e s s  In o rg a n ic  s o l i d s  w ith  th e  6328A ; 

b e t t e r  s p e c t r a  m igh t be o b ta in e d  w ith  c o n v e n t io n a l  m ercu ry  

s o u r c e s .  The same d i f f i c u l t y  h a s  b een  n o t ic e d  by o t h e r
1 7

w o rk e rs  , vvith th e  p la t in u m , t i n  and l e a d  c o m p lex es .

Mg[MClg], p o o re r  s p e c t r a  w ere o b ta in e d  when = o r g a n ic  

c a t io n  th a n  v/hen an  in o r g a n ic  c a t io n  was u s e d .  R e s u l t s  

r e p o r t e d  h e re  f o r  th e  s o l id s  compare w e ll w ith  th e  s o l u t i o n  

v a lu e s  and  th e  a s s ig n m e n ts  fo l lo w  c l e a r l y .

I n  th e  i n f r a r e d  s p e c t r a  Vo an d V ^  a re  u n am b ig u o u sly  

a s s ig n e d  i n  e v e ry  c a s e ;  th e  sh ap es  and h a l f - b a n d  w id th s  

ly  ) v a ry  c o n s id e r a b ly  w ith  M^, F o r th e  ammonium s a l t  

i s  v e ry  b ro a d  ( c a ,  75 cm~  ̂ h a l f  b an d w id th ) an d  i s  w id e r  

th an V  3 (d)/1 /  c a ,  60 cm~^ ) ,  and  f o r  Kg [ SnClg ] b o th

^3 (dViy^ c ^ , 100 cm ) and  y * ££• 50 cmT^) a r e  v e ry

b r o a d .  O th e rw is e ,V q i s  30-50  cm"*̂  an d V *  2 5 -3 0  cm*”  ̂ ; h a l f



8 8 .

b a n d w id th . The compounds (NR^ )2 [SnCl^ ] ,  (R = E t,B u  ) 

and  (Et*R)g (PbClg ] have V g c l e a r l y  s p l i t ;  i t  i s  d i s t o r t e d  

i n  m ost o th e r  c a s e s .  T hese f a c t o r s  made th e  b an d s  

d i f f i c u l t  to  m easure a c c u r a te ly .  A greem ent b e tw ee n  th e  

v a lu e s  r e p o r t e d  h e re  and th o s e  a lr e a d y  p u b l is h e d  i s  g o od , 

m aking g e n e ra l  a llo w an ce  f o r  th e s e  f a c t o r s .  The b an d  

c e n t r e  f re q u e n c y  h a s  g e n e r a l ly  been  r e p o r t e d  h e r e ,  n o t  th e  

band  maximum f re q u e n c y , in  th e  c a se s  o f  a sy m m e tric  b a n d s .

As f o r  (P hg l )g [P tC lg ] ,  th e  d ip h e n y l iodonium  s a l t s  h av e  

com plex s p e c t r a  v/hich i n d ic a t e  a p ronounced  lo w e r in g  o f  

s i te - s y m m e try . I n  b o th  c a se sV g  i s  r e s o lv e d  i n t o  two 

com ponen ts, accom panied  by a w eaker band c o - i n c id e n t  w ith  

th e  Raman v a lu e  f o r V i .  V* f o r  th e  t i n  s a l t  s p l i t s  a n d  a  

b an d  a p p e a rs  a t  89 cnT^ which i s  a s s ig n e d  t o  n o rm a lly  

i n a c t i v e  V ^ . I t  i s  to o  h ig h  to  be a l a t t i c e  mode (v id e  

i n f r a ) and  i t  i s  c lo s e  to  th e  p o s i t i o n  c a l c u l a t e d  f o r  

Vq f o r  C%[SnCl(^ ] .  I n  (PbgI )g [PbClg ] ,  i s  a sy m m e tric  b u t  

n o t  s p l i t .

C a tio n -d e p e n d e n t l a t t i c e  modes w ere fo u n d  f o r  b o th

s e r i e s  o f  a n io n s  and d e c re a se  i n  a f a i r l y  r e g u l a r  m anner

w i th  in c r e a s e  in  c a t io n  m ass. The band a t  110 cm ^
28

r e p o r t e d  by Greenwood and S tra u g h a n  was n o t  fo u n d , b u t  

a s t r o n g  a b s o r p t io n  a t  83 was o b se rv e d , more c o n s i s t e n t

w ith  p r e v io u s  v a lu e s  o f  l a t t i c e  modes f o r  p o ta s s iu m  i n
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13
com plex h a l i d e s  .

S in c e  th e  i n f r a r e d  a c t iv e  l a t t i c e  modes a r e  o f  

sym m etry th e y  can  i n t e r a c t  w ith  V * . I t  i s  u n l i k e l y  t h a t  

t h i s  i s  s i g n i f i c a n t  in  th e  p r e s e n t  s e r i e s ,  e x c e p t  f o r  th e  

ammonium s a l t s .  (NH.̂  )g [MCI*] (M = S n ,P b ,P t)  h a v e  y . 

a t  1 2 2 , 106 and  134 cm”  ̂ r e s p e c t iv e ly *  i n  e ach  c a s e  i s  

th e  h ig h e s t  o b se rv e d  f o r  th e  com plex a n io n . T hus i t  i s  

q u i te  p o s s ib le  t h a t  in  th e  u n p e r tu rb e d  s p e c t r a  o f  th e  

ammonium s a l t s  V * an d V ^  w ould be  much c l o s e r  t o g e t h e r .  

T here  i s  i n  any c a se  a  s l i g h t  d e c re a se  inV^^ w ith  d e c re a s e  

i n ) /  ^  f o r  th e  h e x a c h lo ro s ta n n a te s ,  b u t  i t  i s  u n l i k e l y  t h a t  

t h i s  i s  p r im a r i ly  a t t r i b u t a b l e  to  i n t e r a c t i o n  b e tw e e n ) /* 

a n d )/  a s  th e  s t r e t c h in g  modes a l s o  show th e  same t r e n d  

v /ith  e x p a n s io n  o f  th e  l a t t i c e ,

Ho f o r c e  c o n s ta n ts  have b een  c a l c u l a t e d  f o r  [SnCl@]*~

a n d  [PbClg ** u s in g  in f r a r e d  an d  Raman d a ta  ta k e n  from  th e  

same s t a t e .  T h is  h a s  now been  done u s in g  th e  MUBPP, 

C a lc u la te d  fo r c e  c o n s ta n ts  a re  shown i n  t a b l e [3 * 7 ] . The 

v i b r a t i o n a l  f r e q u e n c ie s  f o r  th e  l e a d  com plex io n s  a r e  

s u b s t a n t i a l l y  lov /e r th a n  f o r  th o se  f o r  t i n .  T h is  lo w e r in g  

I s  accom pan ied  by a  d e c re a se  i n  bond s t r e t c h i n g  f o r c e  

c o n s t a n t ,  K, show ing t h a t  th e  changes a re  o n ly  p a r t l y  due 

t o  m ass e f f e c t s ;  th e r e  i s  a gen u in e  d e c re a s e  in  M-Cl b o n d  

s t r e n g t h  from  t i n  to  l e a d ,  K shows a g e n e ra l  d e c r e a s e  w ith
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i n c r e a s e  i n  l a t t i c e  s i z e ,  e x c e p t f o r  th e  h ig h ly  d i s t o r t e d  

d ip h e n y lio d o n iu m  s a l t ;  f o r  th e  t i n  com plexes th e  change 

i s  v e ry  s l i g h t .
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3*3 H e x sL h a lo g e n o te llu ra te s

The h e x a h a lo g e n o te l lu r a te  a n io n s  [TeXg]f (X = C l ,

B r , I )  a re  o f  p a r t i c u l a r  s t r u c t u r a l  i n t e r e s t .  G i l l e s p i e
48

and Nyholm , s u g g e s te d  t h a t  th e y  sh o u ld  he  d i s t o r t e d  from  

o c ta h e d r a l  by th e  e f f e c t  o f  th e  lo n e  p a i r  o f  e l e c t r o n s :
49 - 5 0

hoY/ever, s e v e r a l  c r y s t a l  s t r u c tu r e  d e te rm in a t io n s  

have  ; f a i l e d  to  show any s i g n i f i c a n t  d i s t o r t i o n ,
-T T

F u rth e rm o re  th e  s o l i d  com plexes ^  [TeXg ] ,  (M « K, Rb, C s, 

RH^), (X = C l ,  B r ) ,  h ave  been  shown to  have  th e  K gPtC lg
80 53 60

s t r u c t u r e  , X -ray  pow der p h o to g ra p h s  have  b e e n

ta k e n  o f  KgfTeX o], (X = C l ,B r )  ('A  s  M e * , N E t* , A sPh*) 

an d  (Pha I  )g T e C l , , B oth  M = M e*  and HEt* a r e  In d e x a b le  

on a  s l i g h t l y  d i s t o r t e d  f a c e  c e n t r e d  c u b ic  b a s i s ;  H = 

mie* a  = 12-90Â, X = C l ,  a  = 13*32^, X = B r ;  lA = H E t*, 

a  = 1 4 - 14X, X = C l ,  a  = 15*09 X = B r. The (Et+HXaTeBr, 

X -ra y  p h o to g ra p h  showed t h a t  t h i s  compound was more 

d i s t o r t e d  th a n  th e  o th e r  Et&N s a l t s  s in c e  f o r b id d e n  l i n e s  

a p p e a re d  f o r  (h^ +1^ ) v a lu e s  a s  low a s  1 8 , B o th  th e

P h ^ s  a n d  PbgI s a l t s  h a d  com parab ly  c o m p lic a te d  p h o to g ra p h s ;  

w h e th e r  th e  Ph^AvS and  Phg I  s a l t s  have th e  same s t r u c t u r e  

(p resu m ab ly  d i f f e r e n t  from  K gPtC lg) o r  d i f f e r e n t  o n es  i s  

n o t  c e r t a i n .  I t  i s  p o s s ib l e  t h a t  the  same s i t u a t i o n  o c c u rs  

h e re  a s  w ith  th e  P t ,S n  and  Pb s e r i e s  where th e  Ph*As s a l t  

te n d s  to  be  m ere ly  d i s t o r t e d  from  Kg [PtC lg ] w h ile  th e  Phg I
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8o l t  a p p e a rs  to  ad o p t a new s t r u c t u r e ,

28
Greenwood and  S tra u g h a n  r e c e n t ly  sum m arised  th e  

s i t u a t i o n  and  r e p o r te d  f a r - i n f r a r e d  s p e c t r a  o f  se v e n  

h e x a h a lo g e n o te l lu r a te 3 , c o n c lu d in g  t h a t  t h e r e  i s  no 

d i s t o r t i o n  o f  th e  in d iv id u a l  o c ta h e d ra  due t o  th e  lo n e  

p a i r  o f  e l e c t r o n s .  P a r t i a l  o r  com plete  Raman an d  i n f r a r e d  

d a ta  f o r  tw e n ty -o n e  h e x a h a lo g e n o te l lu r a te s  a r e  now 

r e p o r te d ;  th e  i n t e r p r e t a t i o n  o f  t h i s  d a ta  h a s  b e e n  a id e d  

by o u r  s tu d i e s  o f  th e  s e r i e s  [MClg]^ , (M =? S n ,P b ,P t ) ,  

f o r  w hich th e r e  a re  no e l e c t r o n i c  c o m p l ic a t io n s .  No Raman 

work h a s  b een  r e p o r te d  p r e v io u s ly  f o r  th e s e  com pounds 

b ecau se  t h e i r  in te n s e  c o lo u rs  p re c lu d e  e x c i t a t i o n  o f  th e  

s p e c t r a  w ith  th e  u s u a l  m ercury a r c .  U s in g  a  He/Me l a s e r ,  

s p e c t r a  have b een  o b ta in e d  o f  th e  y e llo w  c h lo r i d e s  and  

o ran g e  b ro m id e s , b u t  r e s u l t s  c o u ld  n o t  be  o b ta in e d  from  

th e  b la c k  io d id e s .  The f r e q u e n c ie s  o b se rv e d  a r e  shown i n  

t a b l e s  [3 *8 ] an d  [3 *9 ] f o r  th e  c h lo r id e s  and  b ro m id e s  p l u s  

io d id e s  r e s p e c t iv e ly ;  a s s ig n m e n ts  a re  a l s o  in c lu d e d .

The Raman s p e c t r a  o f  th e  f r e e  a c id s  13̂ TeX@ (X = C l ,B r )  

i n  s o l u t io n ,  show th e  th r e e  l i n e s  e x p e c te d  f o r  r e g u l a r  

o c ta h e d r a l  io n s .  I n  b o th  c a s e s  th e  h ig h e s t  f r e q u e n c y  l i n e  

i s  p o l a r i s e d  an d  i s  t h e r e f o r e V i  (A ig ) . The Raman s p e c t r a  

o f  th e  s o l i d  s a l t s  show th r e e  s im i l a r  b a n d s ;  t h e r e  i s  no s ig n
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o f  any s p l i t t i n g ,  c o n s i s t e n t  w ith  u n d i s to r t e d  [T eX ^]^" 

o c ta h e d ra .  f la l f - h a n d w id th S j^ y ^  , a re  com parab le  w i th  

th o se  fo u n d  f o r  h e x a h a lo g e n o p la t in a te s  and p lu m b a te s  u n d e r  

s i m i l a r  in s t r u m e n ta l  c o n d i t io n s .  W ith th e  l a r g e r  o rg a n ic  

c a t io n s  l e s s  com p lete  s p e c t r a  were o b ta in e d  due t o  i n c r e a s e d  

d i f f i c u l t y  i n  e x c i t i n g  th e  s p e c t r a .

The f a r - i n f r a r e d  s p e c t r a  a r e  more com plex th a n  th e  

Raman s p e c t r a ,  b u t  th e  m ost s t r i k i n g  f e a tu r e  i s  th e  

e x t r a o r d in a r y  b r e a d th  o f ) /  g ( P iu ) .  F o r  th e  h e x a c h l o r o t e l l u r a t e s  

can  be  a s  g r e a t  a s  180 cmT^, I t  i s  u n l ik e l y  t h a t  t h i s

b r e a d th  can  be a c c o u n te d  f o r  s o le ly  by " c r y s t a l  e f f e c t s * ’ a s
28

was s u g g e s te d  by Greenwood and  S tra u g h an  . I n  o r d e r  t o  

u n d e rs ta n d  th e  e f f e c t  b e t t e r  th e  b e h a v io u r  o f) /  g a n d ) /*  i n  

[MClg (M s  P t ,S n ,P b )  h a s  b een  s tu d ie d  p r e v io u s ly .  I t  

was fo u n d  t h a t ) / 3 i s  alv /ays b ro a d e r  th a n V * , e x c e p t  f o r  

ammonium s a l t s  i n  w h ic h )/*  i s  b ro ad en ed  u n u s u a l ly ,  r e a c h in g  

v a lu e s  o f  4 0 -80  cm "^. The l a r g e s t  v a lu e  o f ) /  3 fo u n d
/ 2

Y/as fo r K e f S n C lg ]  ( ^ 1^  c a . 100 cm~  ̂ ) ,  b u t  v a lu e s  o f  

40 -80  cm~^ w ere m ost common. Tetraalkylam m onium  c a t i o n s ,  

p a r t i c u l a r l y  NEt*"^, te n d  to  p ro d u ce  r e s o lv a b le  o r  n e a r  

r e s o lv a b le  s p l i t t i n g  inV  3 ,

The same p a t t e r n  o f  b e h a v io u r  i s  found  f o r  [ T e C lg f  ~ 

s a l t s ,  b u t ) / g i s  b ro a d e r  th a n  i n  th e  [MClg]*'*" s a l t s .  I t  i s  

a ls o  more in te n s e  r e l a t i v e  tO ) /* ,  which shows no abno rm al



9 4 .

b ro a d e n in g . Thus p o ta s s iu m , ammonium and  p y r id in iu m  

[TeClg f  s a l t s  h a v e ^ i ^  c a . 180 cm“  ̂ • th e  o t h e r  c a t i o n s  

y i e l d  c a ,  80 cmT^, and  th e re  i s  g e n e r a l l y  some

asym m etry , w hich i s  f i r s t  r e s o lv a b le  f o r  (N1:c*)2 [TeClg ] .

(Phg I  )g [TeClg ] shows com plex s p l i t t i n g  o f  V 3 w hich  

can  be i n t e r p r e t e d  a s  f o r  th e  p la tin u m  a n a lo g u e . Thus 

2 8 8 (m -s) cmT  ̂ c o rre sp o n d s  to  th e  Raman v a lu e  f o r V ^ ,

2 5 8 (m -s) cmT^ i s  c lo s e  to V g  ( th e  e x a c t  v a lu e  i s  d i f f i c u l t  

t o  d e te rm in e  a s  t h i s  p eak  o v e r l i e s  a b s o r p t io n  c lo s e  to  th e  

c a t i o n ) ,  and  y  3 i s  s p l i t  i n to  a  t r i p l e t .  V ery  s i m i l a r  

r e s u l t s  a re  o b ta in e d  w ith  te tra p h e n y la rs o n iu m  a s  c a t i o n .  

B o th  th e s e  h e x a c h lo r o t e l l u r a t e s  have s p e c t r a  c o n s i s t e n t  

w i th  Cgy s ite -s y m m e try  f o r  th e  complex io n .

The b ro m id es  and  io d id e s  shov/Vg bands w hich  a r e  b ro a d  

com pared  w ith  th e  o th e r  [MX@ ~ a n io n s , b u t  much n a r ro w e r  

th a n  f o r  [TeClg ]**"*. Among th e  b rom ides o n ly  th e  p y r id in iu m  

s a l t  showed any s p l i t t i n g .  (Et*N)g [T e lg ] h a s y  3 c l e a r l y  

s p l i t  and  f o r  (Py H)g [T e ig ] i t  i s  asym m etric  on th e  h ig h  

f re q u e n c y  s id e ,  b u t  i t  was n o t  r e s o lv a b le  a s  r e p o r t e d  by
38

Greenw ood and  S tra u g h a n  , T here  a re  o th e r  d i s c r e p a n c i e s  

b e tw ee n  t h i s  work and  t h e i r s ; y  3 found  12 cmT  ̂ h i g h e r  f o r  

(NMe* )s [TeClg]* and d n  a d d i t i o n a l  band was o b se rv e d  a t  

79 c n " ^ ( s ) .



9 5 .

The s p l i t t i n g s  found  inV  g a re  n o t  d i f f e r e n t  i n  k in d  

from  th o s e  shown by o th e r  a n io n s  [llXg "  w here th e  c a t i o n  

i s  v a r i e d  and i t  i s  c o n c lu d ed  t h a t ,  f o r  [TeXgJ^**, th e  

lo n e  p a i r  i s  n o t  p r im a r i ly  r e s p o n s ib le  f o r  th e  s p l i t t i n g .  

C o n s i s te n t  w ith  t h i s  c o n c lu s io n  no s p l i t t i n g  was o b se rv e d  

i n  th e  Raman l i n e s .

The d e c re a s e  f o r  i n  [TeXg]'^“  a s  c h lo r id e

i s  r e p la c e d  by brom ide and  th e n  io d id e  seem s t o  b e  a 

g e n e r a l  f e a t u r e  o f  m e ta l-h a lo g e n  v i b r a t i o n s .  I t  i s  e q u a l ly  

c l e a r  i n  s e r i e s  su ch  a s  [PtXg]® *, (X = P , C l , B r , l ) ,  and  

s u g g e s ts  a c o r r e l a t i o n  betweendViy^ and d e g re e  o f  c o v a le n c y  

o r  p o l a r i t y  o f  th e  b o n d s. I t  i s  l i k e l y ,  ho w ev er, t h a t  th e  

e x c e p t io n a l  w id th s  o f ) /  g f o r  [TeXgf** i s  r e l a t e d  t o  th e  

p a r t i a l  d i s t r i b u t i o n  o f  th e  lo n e  p a i r .  The p re s e n c e  o f  a  

s t e r e o  c h e m ic a lly  a c t iv e  lo n e  p a i r  h a s  no b ro a d e n in g  e f f e c t ;
5 4 - 5 9  58

b a n d w id th s  a r e  norm al f o r  TeX*, (X = C l ,B r , I )  • U rch  

s u g g e s ts  t h a t  th e  lo n e  p a i r  i n  [TeXg^"^ nay  b e  i n  a n  g 

a n t ib o n d in g  m o le c u la r  o r b i t a l  and  a s  such  w i l l  e f f e c t i v e l y  

re d u c e  th e  e l e c t r o n e g a t i v i t y  o f  t e l l u r iu m .  C o m p a tib le  w ith  

th is ," ) /  3 f o r  [TeClg]^** i s  v e ry  low  com pared w ith  [S nC lg]^"’ 

a n d  th e  bond s t r e t c h i n g  f o rc e  c o n s ta n ts  f o r  th e  p o ta s s iu m  

s a l t s  a re  0*92 and 1*07 m il l id y n e s /X  r e s p e c t i v e l y .  O nly) / 3 

shows t h i s  abnorm al b ro a d e n in g  and  i t  i s  th e  o n ly  

a n tis y m m e tr ic  mode o f  v i b r a t i o n ,  one w hich r e q u i r e s  th e
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m eta l atom to  move. The i n i t i a l l y  o r b i t a l  c o n ta in in g  

th e  lo n e  p a i r  w i l l  th e n  no lo n g e r  be o f  g -sym m etry  an d  

w i l l  be a b le  to  mix i n  w ith  o th e r  bond ing  o r b i t a l s  th e r e b y  

a c h ie v in g  some t r a n s i e n t  d i r e c t i o n a l  e f f e c t  and  p r o v id in g  

a  mechanism  f o r  th e  b ro a d e n in g .

Below 150 cm~^ th e  i n f r a r e d  s p e c t r a  a r e  c o m p lic a te d . 

I n  c o n t r a s t  to  o th e r  io n s  o f  th e  [Mg ty p e ,  y *  i s  n o t

a r e a d i ly  i d e n t i f i e d  f o r  [TeX«] . F o r th e  c h lo r i d e s .

a b s o r p t io n  i s  fo und  below  100 cra"^ b u t  th e r e  a r e  no  s t r o n g ,  

sh a rp  b ands c a . 140 cm"*̂  w here> *  would be  e x p e c te d  ( c f . V g ) ,  

e x c e p t f o r  th e  Ph*As^ s a l t .  I t  i s  co n c lu d ed  t h a t V *  i s  

a b n o rm a lly  v/eak i n  t h i s  s e r i e s .

)) 4 and  th e  c a t io n  l a t t i c e  mode,y  a r e  o f  th e  same

symmetry s p e c ie s  and  w i l l  i n t e r a c t .  I f  th e y  a r e  q u i t e  

w id e ly  s e p a r a te d  in  f re q u e n c y  i t  i s  r e a s o n a b le  t o  make 

a ss ig n m e n ts  to  them , a s  i n  s e r i e s  [HClg]^ , (M = S n ,? b ,P t ) .  

F o r bromo an d  i o d o t e l l u r a t e s  i t  i s  d o u b tfu l  i f  su c h  

a s s ig n m e n ts  w ould be m ean in g fu l and  th e r e f o r e  th e y  h ave  

n o t  b een  d e f i n i t e l y  made h e re*

The r e s u l t s  o f  some f o r c e  c o n s ta n t  c a l c u l a t i o n s ,  u s in g  

th e  MUBFF a re  shown i n  t a b l e s  [3*10] and [3*113 w here 

v a r io u s  v a lu e s  o f  y *  and  y  5 have  been  assum ed. The g e n e r a l  

t r e n d  o f  v a lu e s  i s  c o n s i s t e n t  w ith  th o se  f o r  o t h e r  s e r i e s .
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[TeClgP"* and  [T eB rg ]^ - have  c lo s e ly  s i m i l a r  v a lu e s  o f  K, 

i n  c o n t r a s t  t o  o th e r  io n s  [ r . D C g ( X  = C l,B r*  M = P t , 8n ) ^ * ,  

f o r  w hich  th e  r a t i o  K (M -B r)A  (M-Cl) i s  u s u a l l y  0 * 7 9 -0 * 8 5 . 

Thus t h i s  r a t i o  f o r  th e  h a l o t e l l u r a t e s  v a r i e s  b e tw ee n  0*87 

and  0*94 . T h is  c an  a l s o  be u n d e rs to o d  i n  te rm s  o f  U rch*s
63 ^

d e s c r i p t i o n  o f  th e  b o n d in g  i n  io n s  such  a s  [TeXg y  "" a n d  

w ould seem t o  be  good e v id e n c e  i n  i t s  f a v o u r .

The compound a n a ly s in g  a s  Hg TeBrg. 2Hg 0 was p r e p a r e d
69

a c c o rd in g  t o  R ipon  . The c h lo ro  an a lo g u e  c o u ld  n o t  be  

made i n  a  p u re  s t a t e .  I t  was th o u g h t t h a t  th e  s t r u c t u r e  o f  

t h i s  m igh t be  (^^0)g [TeBr^ ] .  The H3O'*' io n  c o u ld  be  p r e s e n t  

i n  su ch  a compound i n  one o f  th r e e  w ays. I f  h y d ro g en  

b o n d in g  was s i g n i f i c a n t  th e n  th e  HgO"̂  w ould be  r i g i d l y  

h e ld  i n  th e  l a t t i c e  and  th e  s p e c t r a  o f  [HgOjg [TeBr^ ] m ig h t 

be  i n t e r p r e t e d  a s  s i m i l a r  t o  (P hg I  )g TeB r^. On th e  o t h e r  

h a n d , i f  h y d ro g en  b o n d in g  was a b s e n t  th e n  f r e e  r o t a t i o n  o f  

w ould  be  e x p e c te d ;  d ep en d in g  on th e  n a tu r e  o f  r o t a t i o n  

th e  HgO^ io n  v/ould a p p e a r  t o  have  e i t h e r  s p h e r i c a l  o r  

c o n ic a l  symmetry* A s t r u c t u r e  in c lu d in g  a  c o n ic a l  c a t i o n  

w ould a g a in  be a n a lo g o u s  to  (Ph@ I  )a [TeBr^ ] b u t  one w ith  a  

s p h e r i c a l  c a t io n  w ould be  e x p e d te d  to  a d o p t t o  Kg [ P t C l *  ]  

s t r u c t u r e  (a s  d oes (Nli*)^ [TeBrg ] ) .

The X -ray  pow der p h o to g ra p h  was ta k e n  o f  th e  compound 

and was fo und  n o t  to  b e  i s o s t r u c t u r a l  w ith  Kg [P tC lg  ] ; on
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th e  o th e r  hand  th e  p h o to g ra p h  was n o t  a s  c o m p lic a te d  a s  

w ould have b een  e x p e c te d  i f  i t  h ad  b e e n  I s o s t r u c t u r a l  w i th  

(P h s l)a  [P tC lg ] .

The i n f r a r e d  sp ec tru m  was m easured  to  200  cm” an d  

th e  sam ple gave a  good Raman sp e c tru m . The o b se rv e d  

f r e q u e n c ie s  a r e  shown i n  t a b l e  [3 * 1 2 ]. The band  a t  190 cm“  ̂

i n  th e  i n f r a r e d  may o r  may n o t  be a t r u e  b a n d  s in c e  th e  

pe rfo rm an ce  o f  th e  PE-225 below  200 cm~^ i s  d o u b t f u l ;  a l s o  

i n  th e  Raman sp ec tru m  th e  b an d s  o b se rv e d  a t  185 a n d  137  cm"^ 

a r e  b o th  i n  w e ll  known s p u r io u s  p o s i t i o n s  f o r  th e  L R -1.

The i n t e r p r e t a t i o n  o f  th e  s p e c t r a  v / i l l  b e  d i s c u s s e d  w ith  

b o th  p o s s i b i l i t i e s  i n  m ind.

N e g le c tin g  th e  bands a t  190 , 185 an d  137 cm~^ f i r s t ,  

th e n  the  b e s t  i n t e r p r e t a t i o n  o f  th e  s p e c t r a  i s  on a n  

o c ta h e d ra l  b a s i s  w ith  th e  HgO^ io n  c a u s in g  a lov iiering  o f

symmetry to  Cgy. I n  th e  s o l i d  s a l t s  o f  [TeBr@ f  

andV o v;ere a ro u n d  175 , 150 rn d  190 cmT  ̂ r e s p e c t i v e l y ; V q  

i s  c o n s id e ra b ly  h ig h e r  th a n   ̂ w hereas i n  a l l  o t h e r  c a s e s  

o f  [M X gf"!/ i 7 V a .  I f  [ T e B r . f  ~ l a  p r e s e n t  th e n  i t  i s  

n e c e s s a ry  to  p o s t u l a t e  a  r i s e  in  f re q u e n c y  o f  t h e  s t r e t c h e s  

o f  ab o u t 50 cm~^ com pared to  th e  o th e r  s o l i d  s a l t s .  Thus 

i n  th e  Raman sp ec tru m  th e  b an d s a t  226 a n d  210 cm  ̂ a r e  

a s s ig n e d  t o y i  andV g  r e s p e c t i v e l y .  The b a n d  a t  122 cmT^ 

i s  a t t r i b u t e d  to V g  and  t h a t  a t  85 cm~^ to  a  l a t t i c e  mode.
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The s t r o n g  b ro a d  (b u t  n o t  s p l i t )  band  i n  th e  I n f r a r e d  

a t  238 cm~^ i s  a s s ig n e d  to V g  w h ile  th e  s t r o n g  

a b s o r p t io n s  a t  222 cm’“̂  w ith  a s h o u ld e r  a t  210 cm~^ a r e  

a s s ig n e d  to  and^^g r e s p e c t iv e ly .

I f  HgTeBrg.RHgO does n o t  c o n ta in  d i s c r e t e  [TeBrg f  

a n io n s  th e n  th e  l a t t i c e  i s  l i k e l y  to  c o n ta in  e i t h e r  

[TeBrg o r  T eB r*. F o r th e s e  s p e c ie s  t o  be  p r e s e n t  i t  

w ould  be n e c e s s a ry  to  p o s t u l a t e  s t r u c t u r e s  [T eB rg^] 

[HoO+]g [Br~]g and  [T eB r*] [HgO'*‘]s [Br^Jg r e s p e c t i v e l y .

The fo rm e r l a t t i c e  w ould c o n ta in  p y ra m id a l TeBrg* (Cq v ) 

io n s  w h ile  th e  s t r u c t u r e  o f  TeBr* i n  th e  l a t t i c e  w ould  

be  e x p e c te d  to  b e  s i m i l a r  to  t h a t  o f  SP.  ̂ (Q^v)* The 

c o r r e l a t i o n  be tw een  Cgy and  Cgy T or th e  above s p e c i e s  i s  

g iv e n  b e lo w .

T (MX*)

Cg y  (î'BQj )

C3V (HX*)

A n o th e r  p o s s ib l e  s t r u c tu r e  t h a t  w ould r e q u i r e  [TeBiy 

v/ould b e  [TeBra ] ‘*'[HBro ]“" [B r]"  [H3 0 ]"^.Hg0, b u t  t h i s  was 

r e j e c t e d  b e c a u se  no a b s o rp t io n  b e tw een  1550 and  700 cm"^ 

was o b s e rv e d , w hich i s  where [HBrg ]"  m ig h t n o rm a lly  be  

e x p e c te d  to  a b s o rb .

^ 0

Aj, E Pa I 3

Ai Ai E E

Ai +Aj +R± Al +Bi +Bg
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T ak ing  th e  Cgy p o s t u l a t e  f i r s t ,  r e a s o n a b le  a g re e m e n t 

can  b e  o b ta in e d  by  com paring  th e  d a ta  h e r e  w ith  t h a t  o f
54

Aidams and  Lock who p o s t u l a t e  a TeBiy B r s t r u c t u r e  f o r  

s o l i d  T eB r*. Thus i n  th e  i n f r a r e d  th e  a s s ig n m e n ts  a r e  

238(A ) a n d  222 (e ) b o th V  (T e-B r) w h ile  th 4  medium b a n d
m m ü  5  4

n e a r  190 cm i s  a s s o c ia t e d  w ith  th e  b rom ide  io n  , I n  th e  

Raman s h i f t s  a re  a s s ig n e d  th u s  226(A ) a n d  2 1 0 (e )  b o th  

y ( T e - B r )  and  122 cm"^(A) an d  8 5 (3 ) S ( T e - B r ) .  T h is  

a s s ig n m e n t assum es th u s  t h a t  th e  two Raman b a n d s  a t  I 85 

and  137 cm"^ a re  sp u r io u s  b u t  g iv e s  an  e x p la n a t io n  f o r  th e  

i n f r a r e d  band  n e a r  190 cm"^ .

An  e x p la n a t io n  o f  th e  s p e c t r a  on th e  b a s i s  o f  th e  

p r e s e n c e  o f  TeBr* would r e q u i r e  th e  th r e e  b a n d s  i n  d o u b t 

t o  be r e a l .  F ou r s t r e t c h i n g  v i b r a t io n s  a re  r e q u i r e d  i n  

b o th  th e  Raman and  in f r a r e d  s p e c t r a .  F o u r b an d s  ( v i z ,

2 38 , 222 , 210, 190 cm"^ ) can  be  fo und  i n  th e  i n f r a r e d  b u t  

o n ly  th r e e  a re  o b se rv e d  i n  th e  Raman. F iv e  b e n d in g  modes 

a r e  e x p e c te d  a l s o  i n  th e  Raman w hereas o n ly  t h r e e  w ere 

o b s e rv e d . On b a la n c e  th e  p re s e n c e  o f  TeBrg s p e c ie s  b e in g  

p r e s e n t  i n  th e  confound  Hg TeBr@ ,2ngO i s  p o s t u l a t e d  by th e  

a u th o r .  Low fre q u e n c y  i n f r a r e d  d a ta  o r  X -ra y  e v id e n c e  i s  

r e a l l y  n e c e s s a ry  to  d e c id e  w hich  o f  th e  p o s s i b i l i t i e s  i s  

c o r r e c t .
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3*6 1 s t  row t r a n s i t i o n  h e x a c h lo ro m e ta l la te s  a n d  r e l a t e d  

sy s te m s .

1 s t  row t r a n s i t i o n  h e x a c h lo ro m e ta l la te s  h av e  o n ly
60

r e c e n t l y  been  p r e p a r e d ;  P ip e r  e t  a l .  h a v e  c h a r a c t e r i s e d

th e  s p e c ie s  [C o^^^(pn)g ] [M ^^^Clg], (M = C r,H n ,P e  • p n  «

1 , 2 -p ro p a n e  d iam in e  ) .  (M = !;în,Pe) io n s  h av e
61

b e e n  p o s t u l a t e d  i n  th e  o r e s  c h lo ro n a n g a n o k a li te  

(K*!înClg) and  r in n e i te ^ ^  (KgNaPeClg ) r e s p e c t i v e l y ,  b u t  

n o t  p r o p e r ly  c o n firm e d . B e s id e s  th e  above com pounds,

P i p e r  a l s o  made [CoCNHa)*] [P eC lg ], and  [C o(pn)a ] [ in C lg ] ,  

The s p e c t r a  o f  th e s e  [MClg ~ s p e c ie s  w ere ta k e n  i n  

th e  i n f r a r e d ;  to  h e lp  a ss ig n m e n ts  th e  c a t i o n  s p e c t r a  w ere 

a l s o  o b se rv e d  i n  [Co(NHg )g ]Clg and  [C oC pn)-]C lo , The 

r e l a t e d  system  o f  compounds Kb [MnClg], K ^ [ I r C lg ] ,

(NEt*)o [ irC lg  ] and  [Co (Ngg )g ] [ i rC lg ]  w ere a l s o  p r e p a r e d  

an d  t h e i r  s p e c t r a  ta k e n . A ssignm ents o f  a n io n  b a n d s  a r e  

g iv e n  i n  t a b le  [3 * 1 3 ].

[Co(pn)g ]C l3 h a s  i n f r a r e d  a b s o r p t io n  a t  3 7 6 sh , 3 6 6 s , 

3 3 5 s , 2 7 7 b r , 226b r,w  an d  1 0 5 v s, T h is l a s t  b a n d  a t  105 cm*̂  

i s  a lm o s t  c e r t a i n l y  a l a t t i c e  mode o f  th e  c h lo r i d e  io n  

s in c e  t h i s  band d is a p p e a r s  i n  th e  o th e r  com p lexes s t u d i e d .  

I n  a l l  c a s e s  th e  c a t io n  and  a n io n  s p e c t r a  o v e r la p  t o  some 

e x t e n t  b u t  th e  c a t io n  a b s o r p t io n  in  th e  com plexes i s  c lo s e  

t o  t h a t  i n  f r e e  [Co(pn)g jC lg ,



102.

63
Kb[MnClg] h a s  th e  E g [P tC l* ]  s t r u c t u r e  • th e  

a s s ig n m e n ts  o f a t  358 cm"^ and  V* a t  200 cm"^ a r e  

o b v io u s . The band  o b se rv e d  a t  102 cm~^ i s  a lm o s t

c e r t a i n l y  K’*' l a t t i c e  mode. Kb[MnClg] can  o n ly  h a v e  th e
a

e l e c t r o n i c  s t r u c t u r e  t g g .  The compounds [C o (p n )3 ][MC1q ] ,

(M ss C r ,H n ,P e ,In )  have  b e en  shown to  be I s o s t r u c t u r a l  b u t  

th e  e x a c t  s t r u c t u r e s  n o t  fo u n d . The t r a n s i t i o n  m e ta l  

a n io n  com plexes have  a ls o  a l l  b e en  shown t o  b e  h ig h  s p i n ;  

th u s  th e  e l e c t r o n i c  c o n f ig u r a t io n s  o f  [MClg f  a r e  t ^ g  

(M = Cr), Sg (M = m ) an d  tjg e |  (M = Fe). V a lu e s  

o f  î^o a re  s e n s i t i v e  t o  th e  a r ra n g e n e n t  o f  e l e c t r o n s  I n  

th e  d - o r b i t a l s  and  th e  o x id a t io n  s t a t e  o f  th e  m e ta l .

The p re s e n c e  o f  two e l e c t r o n s  i n  th e  Cg e m tib o n d in g  

o r b i t a l  i n  th e  i r o n  com plex c a u se s  a d r a s t i c  lo w e r in g  

o f  V (M -C l) com pared w ith  th e  chromium com plex ; V  (C r-C l)  

i s  o b se rv e d  a t  315 cm"^ w h ile  th e  i r o n  a n a lo g u e  h a s  

V (P e -C l)  67 cm"^ lo w e r. T h is  i s  d i r e c t l y  co m p arab le  w ith  

th e  com plexes t r a n s - f D b  I c i ,  v/here D i s  a  c h e l a t i n g  

d i a r s i n e .  Where H = Co ( e l e c t r o n i c  c o n f ig u r a t io n  tg g )  

'y (M -C l) i s  a t  384 cm~^ b u t  i n t r o d u c t io n  o f  a n  e l e c t r o n  

i n t o  th e  6g l e v e l  (I,I = N l)  c a u se s  y(M -G l) t o  d ro p  t o  

238 cm"^ , [MnClg i s  e x p e c te d  to  s u f f e r  J o h n - T e l l e r  

d i s t o r t i o n i ,  p ro b a b ly  to  g iv e  f o u r  s h o r t  an d  two lo n g  b o n d s . 

I n  a c c o rd a n c e  w ith  t h i s ,  a  s i n g l e  )/(M n-C l) b an d  ( a t  342 cm"^ )
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i s  fo u n d  higher than th e  a n a lo g o u s V (C r-C l b an d  and  

co m parab le  v /ith V ^  i s  Kg [MnClg ] (n o t e x p e c te d  t o  s u f f e r  

d i s t o r t i o n )  a l lo w in g  f o r  th e  d i f f e r e n t  c a t io n *  ^ 3 i n  

Kq [MnClfl ] w ould b e  e x p e c te d  to  be h ig h e r  th a n  V 3 ' i n  

[llnClg f  b e c a u se  o f  th e  in c r e a s e d  o x id a t io n  s t a t e  o f  th e  

m&nganese* The s in g le  bandV  (l.!n-Cl) i n  [M nClg]^~ i s  

t h e r e f o r e  p ro b a b ly  more c o r r e c t l y  a s s ig n e d  t o  th e  Eu 

s t r e t c h i n g  mode o f  th e  D*h [MnCl*] g roup  ; i f  th e  lo h g  

bonds a r e  le n g th e n e d  to  th e  e x te n t  fo u n d  f o r  ( s a y )  CrPg , 

one w ould e x p e c t t h i s  to  g iv e  r i s e  to  a d i s c r e t e  ( lo w e r )  

s t r e t c h i n g  f re q u e n c y . Thus th e  a s s ig n m e n t o f  th e  b a n d  

a t  134 cm  ̂ a s  i s  in  some d o u b t. T h is  a lm o s t  c e r t a i n l y  

h o w ev er, i s  a b e n d in g  mode w h e th er i t  be  a s s o c i a t e d  w ith  

th e  [MnCl* ] g roup  o r  [MnClg ” o c ta h e d ro n . I t  i s  p o s s ib l e  

t h a t  a  s t r e t c h  o f  th e  lo n g  Mn-Cl bond i s  o v e r l a id  by a 

c a t i o n  b an d , V ( l n - C l )  i s  a s  low  as  t h a t  o f V ( P e - C l ) ;  t h i s  

c an  b e  r a t i o n a l i s e d  by ta k in g  in to  a c c o u n t ( a )  th e  in c r e a s e  

i n  m ass a n d  (b ) th e  absence  o f  any l ig a n d  f i e l d  s t a b i l i z a t i o n  

e n e rg y  f o r  in d iu m .

The s p e c t r a  o f  [Co(1^3 )g ] [MCI3 ] , (U = P e , I r ) ,  w ere 

s i m i l a r  to  th o se  o f  th e  above s e r i e s .  The p ro b a b ly  s t r u c t u r e  

o f  th e s e  com plexes, c o n s id e r in g  th e  co m parab le  s i z e  o f  th e  

io n s , i s  t h a t  o f  I \ a l l  o r  C sC l, I t  seems l i k e l y  t h a t  f o r  

th e  i r id iu m  complex')) * f o r  th e  c a t io n  (5 (C o -N )) is  a t  320 cm” ^
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a n d ^  3 f o r  th e  a n io n  i s  a t  302 ; b o th  b a n d s  a r e  shaz^>

and  no s p l i t t i n g s  a re  o b se rv e d . I n  c o n t r a s t  b o th  th e s e

b an d s (an d )/ * f o r  th e  a n io n ) a re  s p l i t  f o r  th e  i r o n  com plex ,
s u g g e s t i n g  a
^ lo w e r s i t e  sym m etry. Thus) / 3 f o r  th e  c a t i o n  w h ile  

c e n t r e d  a t  290 cm~^ i s  composed o f  a  m ain  s t r o n g  b a n d  a t  

248 cm~^ w ith  s h o u ld e rs  e i t h e r  s id e  a t  272 a n d  227 cm”  ̂ . 

S im i la r ly ) )  .i c o n s i s t s  o f  a  s t r o n g  b an d  a t  181 cm"^ w i th  a  

s h o u ld e r  a t  160 cm~  ̂ . The com parison  o f V ( I r - C l )  a n d  

) / (P e -C l)  i n  th e s e  com plexes shows d r a m a t i c a l ly  th e  e f f e c t  

o f  th e  p re s e n c e  o f  e le c t r o n s  i n  th e  eg l e v e l  i n  th e  Pe 

com plex ; [irClg]®*" i s  a h ig h  f i e l d ,  low  s p in  com plex w ith  

c o n f ig u r a t io n  t | g ,  A Raman s i g n a l  y/as o b ta in e d  a l s o  from  

th e  i r o n  com plex; a  s t r o n g  band  a t  283 cm“  ̂ i s  a t t r i b u t e d  

t o V ±  f o r  th e  a n io n  w h ile  a w eaker f e a t u r e  a t  313 cm“  ̂ i s  

l e f t  u n a s s ig n e d . B oth  s p e c t r a  show w e ll  d e v e lo p e d  s h a rp  

b a n d s  a t  lo w e r f r e q u e n c ie s ,  b u t  th e s e  a r e  u n l i k e l y  t o  be  

due to  th e  i n a c t i v e  Ve • They a re  p o s s ib ly  a s s o c i a t e d  w i th  

th e  r e s t r a h l e n  f r e q u e n c ie s  o f  th e  com plex io n s  ; c o n s i s t e n t  

w ith  t h i s  th e s e  bands a re  lo w e r i n  th e  i r id iu m  com plex 

w h ich  h a s  a h ig h e r  fo rm u la  w e ig h t f o r  th e  a n io n  th a n  th e  

i r o n  com plex.

The sh a rp  b an d s a s s o c ia t e d  v /ith  [CoÇnHq )ô ] [ I rC lg  ] a r e  

i n  s h a rp  c o n t r a s t  to  th o se  o f  K3 [ irC lg  ]. [ I rC lg  ] i s  

r e p o r t e d  to  have  b o th y  3 a n d y *  sh a rp  b u t  th e  a n a lo g o u s
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b a n d s  i n  K ^IrC lg  a r e  d e s c r ib e d  a s  b ro a d  u n sy m m e tr ic a l 
12

f e a t u r e s  . U nder h ig h e r  r e s o lu t io n V g  a n d V ^  i n  t h i s

l a t t e r  com plex i s  now seen  to  b e  composed o f  s e v e r a l

com ponen ts; a more extrem e fo rm  o f  t h i s  i s  shown by

( S t4,N)Q [ I iC Iq  ] i n  which V3 a n d ))*  a re  b o th  s p l i t  a n d

com plex  a b s o r p t io n  i s  found  be lo w  100 cm"^ , p ro b a b ly  due

to V  6 a n d V ^ , Thus in  th e V a  r e g io n  th e r e  i s  a  s t r o h g

b an d  a t  305 cm""̂  w ith  a s h o u ld e r  a t  317 a n d  a

s e p a r a t e  com ponent a t  336 cm*^ I n  th e  b e n d in g  r e g io n  a

d o u b le t  i s  o b se rv e d  a t  171 an d  188 cm~  ̂ ( s t r o n g )  and

a n o th e r  band  i s  s i t u a t e d  a t  221 cm"^. A c r y s t a l  s t r u c t u r e

d e te r m in a t io n  o f  IvsIrClg w ould bo I n t o r e g t ln g  t o  f i n d  o u t

w hat i s  th e  a c t u a l  s i t e  symmetry o f  th e  [ I rC lg  ] g ro u p .

The s t r u c t u r e s  a r e ,  p ro b a b ly ,  r e l a t e d  to  th e  c r y a l i t e

s t r u c t u r e  w hich i n  c e r t a in  m o d if ic a t io n s  can  o b v io u s ly
47

h av e  a  low  enough s i t e  symmetry to  e x p la in  th e  i n f r a r e d  

s p l i t t i n g s  o b se rv e d .
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3*7 H e x a c h lo ro c e ra te s .

(Me*N)g [CeClg ] i s  r e p o r t e d  to  h av e  th e  K^PtClg
65

s t r u c t u r e  w h ile  a  r e c e n t  c r y s t a l  s t r u c t u r e  d e te r m in a t io n  

o f  CSq [CeClg]** h a s  shown t o  c r y s t a l l i s e  i n  th e  Kg [GePg ] 

s t r u c t u r e .  The p r e p a r a t io n  o f  caesium  com plex h a s  n o t  

b e e n  p u b l is h e d  y e t  b u t  th e  m ethylanam onium  s a l t  i s  q u i t e
65

e a s i l y  p re p a re d . The te trae th y lam m o n iu m  an d

d ip h e n y lio d o n iu m  s a l t s  o f  [C eC l@ f~ have b e en  p r e p a r e d  

by a n a lo g o u s  m ethods; i t  i s  l i k e l y  t h a t  th e  Et^N**" s a l t  

w i l l  be  i s o s t r u c t u r a l  w ith  th e  Ue*N"** s a l t  w h ile  th e  I *  

s a l t  w i l l  p ro b a b ly  s u f f e r  some d i s t o r t i o n .  No v i b r a t i o n a l  

s p e c t r a  o f  [CeCl* o r  any o th e r  la n th a n id e  a n a lo g u e  h a s

b e e n  p r e v io u s ly  r e p o r te d ,

(Et*N)g [C eC lg], a lth o u g h  y e llo w , d id  n o t  y i e l d  a  Raman 

s p e c t r a  b u t  Vo and  V* were b o th  s t r o n g  i n  th e  i n f r a r e d  w i th  

>3 a t  268 cm“  ̂ a n d  a t  117 cmT  ̂, (Phg I  )g [CeCl* ] feave 

o n ly  a  p o o r  Raman spectrum  b u t  2 andl^ g w ere fo u n d ;

Vj andV g  were a t  295 and 265 cmT  ̂ r e s p e c t iv e ly  w h ile  

y  5 (v e ry  we ale ) a p p e a re d  a t  120 cm"^ , The i n f r a r e d  sp e c tru m  

was c o n s i s t e n t  w ith  a  lo w e rin g  o f  s i te - s y m m e try  o f  th e  

[CeClg f  , p ro b a b ly  t o  Cgy. P o u r b ands v/ere o b s e rv e d  

b e tw ee n  300 and 255 cm"^ , Two s t ro h g  f e a t u r e s  a t  277 a n d  

265 cm~^ b o th  h a d  c l e a r  s h o u ld e rs  on  them ; th e  b a n d  a t
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277 h a d  a s h o u ld e r  a t  294 cm“  ̂ w h ile  th e  265 cm” ^

h a d  one a t  258 cm~^. T h is  lo w e s t  hand  (258 cm~* ) c a n  he  

a t t r i b u t e d  to  c a t io n  a b s o r p t io n .  The m ost c o n v in c in g  

a s s ig n m e n t o f  th e  bands a t  277 and  265 cm”  ̂ i s  t h a t  th e y  

r e p r e s e n t ) / 3 , s p l i t  by th e  low  s i t e  sym m etry. An 

a l t e r n a t i v e  a ss ig n m en t w ould b e  t o  e q u a te  th e  277 cm~“ 

b an d  w ithV  3 and  th e  265 cm*“̂  w i th ^ g  * e i t h e r  a s s ig n m e n t 

im p l ie s  a lo w e rin g  o f  s l te -s y m m e try  from  t h a t  o f  Kg [ P tC lg ] ,

The a b s o r p t io n  a t  294 cmT  ̂ i s  o b v io u s ly  th e  Raman a c t i v e  

f r e q u e n c y ) /  ± . V * was a l s o  c l e a r l y  s p l i t  w ith  a  s t r o n g  

b a n d  a t  114 cm**̂  and  a s h o u ld e r  a t  120 cm”’̂ , One s t r a n g e  

f e a t u r e  o f  th e  spectrum  was a m ed iu m -s tro n g  b a n d  a t  217 cm~^ ; 

t h i s  i s  u n l ik e l y  t o  be  an im p u r i ty  b an d  s in c e  th e  compound 

h a d  s a t i s f a c t o r y  a n a ly s i s  f i g u r e s .  U sin g  v a lu e s  o f ) / ^  t o  

Vg o f  29k ,  265 , 267 , 117 an-d 120 cn"*  ̂ r e s p e c t i v e l y  th e  

MUBFP fo r c e  c o n s ta n ts  were c a l c u l a t e d .  They w ere ( i n  

m i l l id y n e s /S )  K, 1*14; P , 0*11 ; H, 0*02 ; A, 0 * 2 6 ; B , 0 * 0 1 ,
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3*8 G e n e ra l C o n c lu s io n s

F o r  th e  o c ta h e d r a l  h e x a h a lo m e ta l la te s  s t u d i e d  

c o r r e l a t i o n s  b e tw een  M-Cl bond s t r e t c h i n g  f o r c e  c o n s t a n t s  

an d  c a t io n  s i z e ,  a n d  betw een  l a t t i c e  modes and  c a t i o n  m ass 

h ave  b e e n  i n v e s t i g a t e d .  C o r r e la t io n s  b e tw ee n  th e s e  

p a ra m e te r s  have  d e f i n i t e l y  b e en  e s t a b l i s h e d .

The com plexes (Phg I  [MCl^ ] ,  ( îî  « P t , B n ,P b , T e , Ce ) 

h ave  v i b r a t i o n a l  s p e c t r a  c o n s i s t e n t  w ith  Cgy s i t e  sym m etry 

o f  th e  a n io n .  T h is  i s  p ro b a b ly  c a u se d  by th e  u n sy m m e tr ic a l  

c a t i o n  P h g I . No s p l i t t i n g s ,  hov/ever, wore o b s e rv e d  f o r  th e  

com plex (Phs I  )z [P tB r* ] ,

F o r  t h e f i r a t  tim e Raman d a ta  on [TeXef**^ 

an d  [C eC l*p  have  b een  r e p o r t e d .  The s p e c t r a  o f  th e  

t e l l u r i u m  compounds show t h a t  th e  lo n e  p a i r  on t e l l u r i u m  

d o e s  n o t  occupy a  s te re o c h e m ic a l  p o s i t i o n .  The f i r s t  

i n f r a r e d  d a ta  on [CeCl^J'*" an d  [MClg]^ , (M « C r,M n ,F e) 

h a s  a l s o  b een  r e p o r t e d .  The s p e c t r a  o f  th e  f i r s t  row 

t r a n s i t i o n  h e x a c h lo ro m e ta l la te s  a re  r a t i o n a l i s e d  i n  te rm s  

o f  th e  J a h n - T e l lo r  e f f e c t  and  th e  e l e c t r o n i c  s t r u c t u r e  o f  

th e  t r a n s i t i o n  m e ta l .

F o r s o l i d  Kq [P tC lg  ] th e  anom alous i n t e n s i t i e s  o f  V i  

and)) 2 o b se rv e d  i n  s o lu t io n  s p e c t r a  were n o t  fo u n d . The

p ro x im i ty  o f  th e  bands how ever was c o n firm e d . The
06 ^

s u g g e s t io n  by Woodward and C re ig h to n  t h a t  th e  low  6 - v a lu e
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(cS s  )/4^i ) i s  due i n  r ;  some way to  th e  p re s e n c e

o f  s i x  non bond ing  e l e c t r o n s  on P t  i s  p ro b a b ly  w rong.

F o r [ S e C le f  ”S = 0 , 2 l / ^  b u t  f o r  [T eC lgf"*  (an d  [ T e B r a f ~ )  

5 h a s  b e e n  found  to  be 0 .0 8 .  Woodward and  C re ig h to n  h av e  

c o r r e l a t e d  S’ v a lu e s  o f  a ro u n d  0 , 2 5  w ith  io n s  t h a t  do  n o t  

h av e  lo n e  p a i r s ,  and  v a lu e s  o f  l e s s  th a n  0 ,1  w ith  th o s e  o f  

s p e c ie s  w ith  lo n e  p a i r s .  S in c e  [S e C lg f  a n d  [TeBr^ f  "" 

have  th e  same e l e c t r o n  c o n f ig u r a t io n  th e y  w ou ld , on 

Woodward* s th e o ry , be  e x p e c te d  to  have th e  same S 'v a lu e .  

The same k in d  o f  d is c re p a n c y  o c c u rs  w ith  [T lC lg ]^ ” ,

( 5 = ,0 6 )  and  [in C lg ]^  , ( ^  = ,3 6 )

The s t r e t c h in g  fo rc e  c o n s ta n t  f o r  [UClg]^** d e c r e a s e s  

i n  th e  o r d e r  P t  >Ce > S n > T e > P b .  T h is  o r d e r  p ro b a b ly  

r e f l e c t s  to  some e x te n t  th e  o rd e r  a l s o  o f  bond s t r e n g t h s  

o f  th e  m e ta l - c h lo r in e  bonds.
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3*9 E x p e r im e n ta l

Ka [P tC lg  ] and  Kg [P tB r^ ] w ere o b ta in e d  from  Jo h n so n  

M atth ey  and  Co. L im ite d  and u s e d  w ith o u t f u r t h e r  

p u r i f i c a t i o n .  %  [PtC lg ] (M = Rb,Co,NH*,NM e*,NE:t*,NBul, 

A sP h * ,IP h g ) were p re p a re d  by  m ix ing  warm aq u eo u s s o l u t i o n s  

o f  MCI a n d  Kg [P tC lg ] ,  c o o lin g  b e fo re  f i l t e r i n g  t h e  p r e c i p i t a t e  

an d  re  c r y s t a l l i s i n g  from  d i l u t e  HCl. (Ph@ I  ]g [P tB r^  ] was 

made i n  an a lo g o u s  m anner. F o r  M =s T1 a n d  Ag th e  com plexes 

w ere made by  m ix ing  II [NOo ] a n d  Kg [P tC lg  ] .

IQ3 [P tB rgC l* ] was p re p a re d  by a d d in g  th e  c a l c u l a t e d  

am ount o f  brom ine to  a lc o h o l i c  Kg [P tC l* ] ,  r e f r id g e r a t in g  

o v e r n ig h t ,  and  c o l l e c t i n g  tlie  p r o d u c t .

l!g [S n C le ] , (M = K,NH*,Rb,Cs,NMe*,NEt*,ITBiii,ABEai*,IPh3 ) ,  

w ere made by m ix ing  s o lu t io n s  o f  MCI i n  1 :1  HCl an d  H gSnCl*. 

The Pb a n a lo g u e s  were made i n  a s i m i l a r  m anner; H^PbClg 

was made f i r s t  by d is s o lv in g  PbQg in  U N  HCl a t  0®C a n d  

f i l t e r i n g  th e  e x c e ss  PbOg, KgPbClg c o u ld  n o t  be  made by  

t h i s  m ethod ,

%  [TeClg ] and  % [TeBrg] w ere p r e p a r e d  i n  s o l u t i o n  by

d i s s o l v i n g  TeOj i n  th e  r e l e v a n t  c o n c e n tr a te d  a c i d .  The

s a l t s  %  [TeXg] X = C l ,B r , I ;  H = C s,m ie* ,N E t* ,P yH ,A eP h* ,

IPhg ) w ere made by ad d in g  aqueous s o lu t io n s  o f  MX t o  f r e e  
68

a c i d  , F o r  M = K,Rb o r  NH* c o n c e n t r a t io n  o f  t h e  r e s u l t i n g
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s o l u t i o n  was n e c e s s a ry  b e fo re  c r y s t a l l i s a t i o n  o c c u r r e d ,

[C o(pn)3 ][M C l,] , (M = C r,M n,P e) a n d  [Co(IIHa )s]D .?C la ], 

(M = P e , I n )  were p re p a re d  a c c o rd in g  to  th e  m ethod  o f  

P lp e r® ° . (KEt. ) 3  [ i r C lg ]  a n d  [Co(NH3 )e ] [ I r C l .  ] w ere 

p r e p a r e d  by n ix in g  (H E t,)C l a n d  [Co(IIH3 ) ,  ]C la r e s p e c t i v e l y  

I n  w a te r  to  an  aqueous s o l u t io n  o f  K3 [ I r C l g ] ,

(N E t. )a [CeClg ] and  [CeClg] w ere  made I n  a

s i m i l a r  f a s h io n  t o  th e  p u b l is h e d  method f o r  th e  p r e p a r a t i o n  

o f  (Hae*)a [CeClg].®*

R e p r e s e n ta t iv e  a n a ly s e s

0%  [P tC lg ] ,  c a l c u l a t e d .  C l 31.6ç<,; fo u n d , C l 31.5fo 

( P h a l )3 [P tC lg ] ,  c a l c u la t e d ,  C 35 .5 :/', H C l, 26.2^0

fo u n d , C 3 5 . 7;=, H 3.1% , C l ,  2 6 . 2%

(HEt, ) 2  [P tC lg ] ,  c a l c u la t e d ,  C 28.%=, H 6%, C l 31.9% :

fo u n d , C 29.0^i:r= H C l 31.7?^.

( P h a l )2 [P tB rg ] , c a l c u la t e d ,  C 2 3 .% ;, H 1 .9% , B r 39?o;

fo u n d , 0 2 3 . 4% ;, H 1^9%, B r = 3 3 .% i ,

%  [PtC lgB rg ] ,  c a l c u l a t e d ,  Br 27.8% , C l 2 4 .% ';

fo u n d , Br 2 7 .% ;, C l 24.35».

Rbg [SnC lg] c a l c u l a t e d .  C l 42.45»; fo u n d . C l 42.255

(Ph4,As)3 [SnC lg] e x p e c te d , 0 52.% », H 3 .75;, C l 19.45»,

fo u n d , C 52. 65», H 3.45», C l 19.75».

(B E tt >3 [SnClg ] ,c a lc u la te d ,  C 32.15», H 6.75», C l 3%»,

fo u n d , C 3 2 . 15», H 7 . 15», C l 3 5 . 75; .
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C B afT eC ls], e x p e c te d , C l 35.1% ; fo u n d . C l 35.15»

(P h aD s [T eC lg ], e x p e c te d , C 38.75:, H 2 .7 5 ', C l 28.65»;

fo u n d , C 38.95», H 2.75:, C l 28 .95 ;.

(HSt4,)s [T eC lg ], e x p e c te d , 031.95:, H 6.75», C l 35 .4% ;

fo u n d , C 32.2% , 6.15», C l 3 5 .55 :. 

R t^ [T e B rg ] , c a l c u l a t e d ,  B r 61% :; found  B r 61.85».

(m ie4)2 [T eB rg ], c a l e .  C 12.7% , H 3.25», B r 6 3 . ^ : ;

fo u n d , C 12.95», H 3.55:, B r 63%.

[Co(HHa )6 ] [ P e C lg ] ,c a lc .  B 20.15», C l 50.95»;

fo u n d , N 19.55», C l 49.% ».

(P h g l) ;  [C eC lg ], c a l e .  C 31.55», H 2.% », C l 23.55»;

fo u n d , C 31.495», H = 2.4% , C l = 23.75».

S p e c tra  w ere re c o rd e d  on th e  fo l lo w in g  I n s t r u m e n t s : -  

( a )  P e rk ln -E lm e r  PE -225 , (b )  R . I . I . C .  P S -5 2 0 ,

( c )  PT C -lO O /Ps-620, (d )  P e rk in -E lm e r  L R -I .

Where a p p l i c a b l e ,  t r a n s fo rm s  v/ere com puted t o  a  r e s o l u t i o n  

o f  5 •

Norm al c o - o r d in a te  a n a ly s e s  were c a l c u l a t e d  on a n  

E l l i o t t  803 com putor, u s in g  a programme w r i t t e n  by 

Mr, R , G, C h u r c h i l l ,

X -ra y  pow der p h o to g ra p h s  w ere  ta k e n  w ith  a  r^eyhe 

cam era u s in g  K r a d i a t i o n .  D r. D, R. R u s s e l l  h e lp e d  

i n  i n t e r p r e t i n g  some o f  th e  pow der p h o to g ra p h s .



FIGUR2 5ol

In tern a l coordinates fo r  an octahedral m olecule

defined as angle b etw een  

internal coordinates 17 and Q



FIGURE 3o2

normal modes of an octahedral I-DĈ molecule
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FIGURE 3.5

Raman spectrum o f so lid  potassium hexachloroplatinate®

/V  j .



FIGURE %4

The four types o f band-shape of^^encountered with  
s o l id  h exach lorop la tin a tes.

E
V

A= NEt^ 
B = K,Ag, NMe^,NBu>sPh 
C =NH.Rb,Cs .  
D = TL
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Dependence o f c a tio n  la ttlc e^ m o d e  frequency  upon c a tio n  

mass o f some hexachloroplEbtinates* - ; ' • ’
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FIGURE 5.6

P lo t  of b o n d -s tre tc h in g  fo rc e  c o n s ta n t , ( k) , v e rsu s  
c a t io n ic  r a d iu s , r + , f o r  some h e x a c h lo ro p la t in a te s .
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Table 5*1

Frequencies (cmT )̂ of Mg^PtCl*] and ^^[PtBrg]

in the so lid  sta te .

[P tC le  T “ ^ 2 2^0 ^ 4 ^ 6

K 350 320 341 186 171 82 1 0 6 (v s * b r )

Rb 342 316 337 185 173 87 84 (v s )

Cs 337 312 332 186 172 83 73 (v s )

T1 353 319 339 182 167 79 62 ( v s )

Ag 340 328 337 215 186 53 82

RH4 345 316 338 193 177 84 1 3 4 (v s )  97

RMe* 339 315 326 182 166 77 9 0 (v s )

NEt* 340 315 325 181 160 65 7 5 ( s ,b r )
n

RBu* 335 315 325 181 111 99 -

AoPh*

IPha

337

3 3 5 ^

313

314

327
323
306

187
180
164

167
180
165

10
a

91 -

Aqueous
S o lu t io n 344 320 - - 162 -

[P tB rg f  “

K 217 195 243 78 115 100

IPh^ - - 230 - -

Aqueous ^ 
S o lu t io n 207 190 - - 97 -

4 * C a lc u la te d  v a lu e s  8 6 (v s)c m "^ , e x p e r im e n ta l  v a lu e ,  

’T R efe ren ce  35- ^338 cmT  ̂ (w-m) i n  th e  i n f r a r e d .



Table 3"2

'o rc e  c o n s ta n t s  f o r  [P tC lg  ] ra l l llc ly n e a /i’i

K P H A B

M^=K 1 '8 3 0 -1 3 0 .0 8 0 -2 2 0 -0 4

Rb 1 ,8 0 0 .1 1 0 -1 0 0 -2 1 5 0 -0 3 5

Cs 1*75 0 -1 0 0 -1 0 0 -2 1 5 0 -0 4

T1 1"80 0 -1 4 5 0-065 0 -2 2 5 0 -0 4

Ag 1*39 0 -05 0 -1 5 0 -3 2 0 -0 8

NH* 1*79 0 .1 2 0 -1 0 0*21 0 -0 4 5

RMe* 1*74 0 -1 0 0 -09 0 -2 6 0 -0 4

IIEt* 1 -73 0-105 0 -0 8 0 -2 6 5 0 -0 4 5

NBu* 1-745 0 -0 8 0-12 0 -2 7 0 -0 3

AsPh* 1*73 0 -10 0 -0 9 0 -2 5 0 -0 5

IPhs 1 -70 0-09 0 -11 0 -3 0 0 -0 3 5

[P tB rg ] 1 -5 7 0 .1 2 0-09 0 -1 3 -0 -0 3 5



Table 3 -5

P r e g u e n c le s  (cm“  ̂ ) and a ss ig n m e n t f o r  [PtCl^Brg ]

i S R a m a n

3 3 7 ( V B A ^ ( P t - C l ) 3 3 7 ( vb) \ 1) ( P t - C l  )

3 1 9 ( b ) J 323 { b ) J ^ i g
2 4 8 ( m )  \ M P t - B r )  a a u 2 3 2 ( b ) y ( P t - B r ) a i  g

2 3 4 2 0 1 ( w )
( s h ) S(ptci*) 1 6 5 ( m ) S ( P t - C l ) 4 a g

1 8 3 ( b ) i r ( P t C l . )  ag^ ^ ( P t - B r )
9 2 ( v a ) ^ ( P t B r ) +  L ,  e u



Table [3 '4 ] .

Observed and ca lcu la ted  sin^9 values for  [PtCl^Bi^ ]

Bln 0  (Observed) sin^^ (Calculated) ( if+3c"+1 '̂)

•0132 •0184 3

•0245 •0243 4
•0483 •0485 8

•0670 •0677 11

•0740 •0737 12

♦0965 •0941 16

•1150 •1153 19
•1209 •1213 20

•1456 •1455 24
•1640 •1637 27
•1948 •1949 32

•2129 •2119 35
•2176 •2180 36

•2425 • 2422 40

•2603 •2607 43
•2660 •2662 4 4

•2907 •2907 48

•3085 •3090 91
•3160 •3150 5 2

•3394 •3395 56

•3968 •3572 59
•3880 •3877 64



Table [3-5l
-1Vibrational frequencies (cm*’ ) of so lid  hexahalogenostamates

^ 2 ^3 ^3

[ S n C le f  ”

k 323 249 314 174 184 124 83

NH* 317 250 310 180 179 113 122

Rb 316 214 312 173 171 107 72

Cs 309 243 310 171 165 102 72

KMe. 307 - 298 172 - 76

H E t. 305.5 - 2 7 6 (eh )^^^ - 68

306 - 320
290

158 - -

AsPh* - — 284 161 - -

IPhg 310* - 294 1 8 0 (w) -
2 8 4 (sh ) l6 2 8 9 ^

A queous
229 158S o lu t io n 311 “

^ 311 i n  i n f r a r e d  

O bserved  i n  i n f r a r e d  sp ec tru m .



Table[3*6]

Vibrational frequencies (cm“  ̂) of so lid  hexahalogenoplumbates

^6

[P b C le f

NH* 296 220 278 154 157 84 1 0 6 ,9 0 ( s h )

Rb 293 220 281 139 147 83 65

Cs 235 217 272 144 148 81 63

NMe* 231 209 262 142 159 64 68

NSt* 281 215 144 80

AsPh* 279 211 247 155 159 75

IPhg 2 8 2 ^ 231 252
259 155 141 84

A queous
s o l u t i o n 285 212 - - 157 -

-r
278 i n  i n f r a r e d



Table (3'?]

F o rc e  c o n s ta n t s  (m ll l id y n e s /Â )  f o r  s o l i d  

h e x a c h lo ro s ta n n a te s  and  p lu m b a te s .

K P H A B

[ S n C le P ”

K 1 .0 7 0 .2 7 0 .0 3 0 .0 4 0 .0 1

NH* 1 .0 8 0 .2 4 0.03* 0 .0 4 0.01®

Rb 1 .0 4 0 .2 6 “ 0 .0 1 0 .0 0 0 .0 2

Cs 1 .0 3 0 .2 3 0.01® 0 .0 2 0 .0 2

[P b C lf if

NH* 0 .8 6 0 .2 5 0 .0 1 -0 ,0 2 * 0 .0 3

Rb 0 .8 9 0 .2 4 -0 .0 2 - 0 .0 4 0 .0 2

Co 0 .8 6 0 .2 2 -0 .00* -0.02® 0 .0 2

Nile* 0 .7 7 0 .2 2 - 0 .0 2 - 0 .0 1 0 .0 3

NEt* 0 .8 0 0 .21 -0 .0 0 * 0 .0 2 0 .0 2

AoPh* 0 .7 3 0 .2 1 -0.01® 0 .0 5 0 .0 2

IPhs 0 .9 1 0 .1 7 0 .0 1 0 .0 9 0 .0 2



Table [3*8]

V ib r a t io n a l  f r e q u e n c ie s  (cm”^ )  f o r  th e  h e x a c h lo r o t e l l u r a t e ( I V )  
a n io n  i n  th e  s o l i d  s t a t e ,  (AH bands s t r o n g  u n le s s  shown 
o th e r w is e ) ,

Raman

O th e rs

K

Rb

Cs

NH*

NNe*

NEt*

PyH

AsPh*

IPhg

301 253 150

299 

288

300

281

280

283

254

247

250

243

243

284 268

291 252

263

235

139

142

136

127

146

137

243

( 3 3 0 (sh )  
[251

251

250

-V
228

C282(w-m)
1228
(2 9 5 (sh )
[225

/248
f257
I 223

/ 23O
•«210

l l 8 5

139 (w-m ), 1/ * ;  108 (w -m ), 
9 8 (w -m ), V j

63(m ),0) 

6 2 (m ) ,V ^  

I4 2 (w -m ), ^
110, 98(w-m),y  ̂

1 0 6 (v w ); 7 9 ( v s ) ,  y  

6 6 (w -m ), y  2, 

lO O (w ), IV^

1 5 6 (w -m ), l 4 6 ( s ) y *

-1"•'P robab ly  h a s  two e q u a l  com ponents, c a ,  2 50 , 212 cm
th e  i n f r a r e d  sp ec tru m  b ands a re  a l s o  fo u n d  a t  288 (m -s ) , 

2 5 8 (m -s) cm~^, and  a re  a s s ig n e d  to l^ i  a n d  r e s p e c t i v e l y .

O bserved  in  th e  i n f r a r e d  sp ec tru m .



Table [5*9]

V ibrational frequencies (cm""̂  ) fo r  hexabromo- and 
hexaiodo te l lu ra te  (IV) anions, in  the so lid  s ta te ,

(All bands strong unless shown otherwise).

[T e B rg f  "
Raman 

2) Q V s  O th e rs
I . R .

O th e rs

K 174 153 7 3 (w) 9 0 (vw) 198 lOO(m ), 76(ra)

Rb 179 160 90 109 (w) 195 95(vw )

Cs 173 151 9 1 (a )

m i * 180 155 83 193

m.!e* 170 148 96(w) 180 1 0 4 (vw ), 68(m )

î-ÎEt* 168 144 - 180 65 (m ), 54(wm)

PyH 173 157 - S s C s h )  73(w-m

Aqueous
Solution 167P 146 73(m)

[ T e l g f

NMe* 154 1 0 6 (m -s ) ;  6 8 (w

NEt*

PyH 148 1 0 4 (w-m)



Table f5‘10]

F o rc e  c o n s ta n t s  (m ll l id y n e s /? 0  f o r  lîj [T eC l, ] ,

K P H A B V a lu e  o f P s ] , c a -

[TeCle f -

M^=K 0 .9 2 0 .1 7 0 . 02* 0 .3 0 0 .0 0 139 103
0 .9 3 0 .1 7 0 . 02* 0 .2 9 - 0 .0 2 105 121

Rb 0 .9 7 0 .1 6 0 .0 1 0 ,2 7 -0 .0 3 63 119

Cb 0 .9 5 0 .1 4 0 .0 2 0 .2 3 -0 .0 3 62 125

0.92* 0 .1 7 0 .0 1 0 .2 6 0 .0 1 142 83
0 .9 3 0 .1 7 0 .0 1 0 .2 5 - 0 .0 1 105 111

ITI-îê 0 .8 6 0 .1 3 0 .0 3 0 .2 8 - 0 .0 1 106 106
0 . 86* 0 .1 3 - 0 .0 1 0 .2 8 - 0 .0 1 79 81

NEt* 0 .8 7 0 .1 2 0 .0 2 0 .2 8 - 0 .0 2 66 111

PyH 0 .9 0 0 .1 1 0 .0 5 0 .3 3 - 0 .0 2 100 122



Table [ 3 ' l l ]

F o rc e  c o n s ta n t s  ( n l l l i d y n e s /A )  f o r  % [T eB r. ] .

K F H A B V alue  o f  [V e]T cm"

[TeBr*r
K 0 .8 6 0 .1 0 0 .0 4 0 .1 7 0 .0 1 100 .t 'a  =90 57

0 .9 0 0 .1 0 0 .0 1 0 .1 4 0 .0 0 7 6 ;^ s= 7 3 51
0 .9 0 0 .1 0 0 .0 4 0 .1 4 - 0 .0 2 76 .^5= 90 73
0 .8 6 0 .1 0 0 .0 1 0 .1 7 0 .0 2 1 0 0 ;Va=73 22

Rb 0 .9 1 0 .0 9 0 .0 4 0 .2 3 0 .0 0 %  =90 61

0 .9 1 0 .0 9 0 .0 9 0 .2 3 - 0 .0 2 >i=109 87

m u 0 .8 7 0 .1 2 0 .0 2 0 .1 8 0 .0 2 105 40
0 .9 0 0 .1 2 0 .0 2 0 .1 5 - 0*00 82 61

ITMe* 0 .7 5 0 .1 0 0 .0 5 0 .2 2 0 .0 1 104 62
0 .8 0 0 .1 0 0 .0 5 0 .1 7 -0 .0 3 68 83

N et* 0 .7 7 0 .1 1 0 .0 5 0 .1 4 -0 .0 3 65 84
0 .7 7 0 .1 1 0 .0 5 0 .1 3 - 0 .0 4 54 87

^ C a lc u la te d  v a lu e s



Table [3*12]

Observed frequencies for %TeBrg.2%0 (era”*')

I n f r a r e d

238 (b ro a d , s t r o n g ) 

222 ( s t r o n g )

210 (sh o u ld e r ,w e a k )  

[ 190 (m edium )]

Raman

226 ( s t r o n g )

210 ( s t r o n g  

[185 (w eak )]

[137 (m e d iu m -s tro n g )]  

122 (m ed iu m -s tro n g ) 

85 (medium)

Bonds i n  p a r e n th e s e s  d o u b tfu l  ( s e e  t e x t ) .



Table [3-133

Observed, infrared frequencies of some [MCI.]®” ions (cm )

V  0 ^ 4 O th e rs

[C o(pn)3 IL C rC le] 315 200 107

[G o(pn)3][M nC la] 342 183 107

[C o (p n )a ][P e C la ] 248 184 105

[C o(pn)3 ] [ ln C le ] 248 161 100

[C o (m ia )a ][P e C la ] 2 7 2 ,2 4 8 ,2 2 7 1 81 ,160 1 2 9 , 1 0 7 ,9 0

[C o (N H o )a ][lrC l3 ] 302 195 1 0 0 ,8 5

(NEt4)3 [ i r C lg ] 3 3 6 ,3 1 7 ,3 0 5 188 ,171 1 1 2 ,9 5 ,8 5

Kq [MnCls ] 358 200 102



CHAPTER FOUR 

SQUARE-PLANAR IONS
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CHAPTER k - SQ.U/JIE-PLAITAR IONS 

4*1 P ro lo g u e

C o n fu s io n  e x i s t s  i n  th e  l i t e r a t u r e  o v e r  th e  n u m bering  

o f  th e  norm al v i b r a t i o n s  o f  s q u a r e - p la n a r  m o le c u le s .  I t  

i s  c o n v e n t io n a l  v/hen num bering th e  norm al m odes, t o  l a b e l  

them i n  th e  o rd e r  o f  o c c u rre n c e  i n  th e  c h a r a c t e r  t a b l e s
08 69

o f  D e c iu s , C ro ss  a n d  W ilson  , T hus, ITakaraoto , f o r  

ex am p le , u s e s  th e  wrong num bering system  i n  h i s  w e l l  known 

b o ok . Much o f  th e  p u b l is h e d  d a ta  on s q u a r e - p la n a r  io n s  

u s e s  t h i s  same sy s tem . The c o r r e c t  num bering  o f  th e  

r e p r e s e n ta t i o n s  o f  an  ML* system  i s  (A ig , V  3 ( B ig ) ,

^3 (^ 3g ) f l ^4 (A gu), 1^8 (Bs3u ) t ^ 6  (^u)> a n d V ( E ^ ) «

Âqxx an d  a r e  th e  i n f r a r e d  a c t iv e  modes w h ile  a l l  th e  

g-m odes a re  Raman a c t i v e .  These norm al v i b r a t i o n s  a r e  

shown i n  F ig u re  [4 * 1 ] .

The num bering o f  th e  norm al modes f o r  o c ta h e d r a l  MXg
70

m o le c u le s  i s  a l s o  wrong b u t  th e  c o n v e n tio n  u se d  by  H e r tz b é rg  

i s  to o  w e ll  e s t a b l i s h e d  to  be changed .
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4*2 I n t r o d u c t io n

The a im s o f  th e  work i n  t h i s  c h a p te r  may b e  b r o a d ly  

d iv id e d  i n t o  two c a t e g o r i e s .  F i r s t l y ,  th e  sp e c tru m  o f  

Kg [P tC l* ]  was exam ined  in  d e t a i l  t o  h e lp  s o r t  o u t  th e  

c o n fu s io n  t h a t  e x i s t e d  in  th e  l i t e r a t u r e  c o n c e rn in g  

a s s ig n m e n ts .  To h e lp  t h i s  work a number o f  o t h e r  s im p le  

c h l o r o p l a t i n i t e s  w ere i n v e s t i g a t e d  a l s o ,  a s  w e l l  a s  some

a n io n s .  In  th e  seco n d  p a r t  o f  th e  c h a p te r  we d i s c u s s  

th e  e f f e c t  o f  Magnus g re e n  ty p e  l a t t i c e s  on th e  sp e c tru m  o f  

[P tC l* ]3 ~  an d  r e l a t e d  io n s .  I n  p a r t i c u l a r  i t  was hoped  to  

d e c id e  w h e th er th e r e  was a v i b r a t i o n a l l y  e f f e c t i v e  

m e ta l-m e ta l  bond i n  such  sy s te m s . The [ P t I * P ” io n  h a s  

a l s o  b e en  c h a r a c t e r i s e d  f o r  th e  f i r s t  tim e by  in c o r p o r a t i n g  

i t  i n  a Magnus g re e n  ty p e  l a t t i c e .  The s p e c t r a  o f  

[P t(N H o)*] [P tX * ], (X = C l , B r , l )  adm it o f  two i n t e r p r e t a t i o n s  

n e i t h e r  o f  w hich i s  w h o lly  s a t i s f a c t o r y .
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4*3 P o ta ss iu m  c h l o r o o l a t i n l t e

The f i r s t  i n v e s t i g a t i o n  o f  Kg [P tC l* ] was by  Adams
13

an d  G ebbie  i n  1963 . They u s e d  a p ro to ty p e  M ic h e lso n  

in te r f e r o m e t e r  a t  N . P . L .  an in s tru m e n t  w hich a t  t h a t  t im e  

p o s s e s s e d  o n ly  a l im i t e d  r e s o lv in g  pow er. They r e p o r t e d  

ban d s a t  3 2 0 , 183 and  93 cra”  ̂ , a l l  bands b e in g  s t r o n g ,  

w h ile  th e  ones below  200 cm~  ̂ were a l s o  v e ry  b ro a d .

A th r e e  band  sp ec tru m  i s  a l l  t h a t  i s  p r e d i c te d  f o r  an  

i s o l a t e d  [ P tC l* f  ~ io n  and  h e n c e , q u i te  n a t u r a l l y ,  th e  

a s s ig n m e n ts  made were% q = 320 , = 183 a n d l^ *  = 93 cm~^ ,

F a i r l y  o b v io u s ly  V * w i l l  f a l l  below)^ ? s in c e  i t  i s  an  

o u t - o f - p l a n e  d e fo rm a tio n  w h ils t)^  7 i s  i n - p la n e ,

43
A lm ost s im u lta n e o u s ly  a y e a r  l a t e r ,  S a c c o n i e t  a l ,

71
an d  M ath ieu  e t  a l .  b o th  r e p o r te d  th e  s p e c t r a  o f  Kg [P tC l* ] ,  

e a c h  g roup  o f  w orkers d i s a g r e e in g  w ith  th e  a s s ig n m e n ts  

made by  Adams, T h e ir  d a ta  w ere i n  f a i r  a g re e m e n t, b u t  

t h e i r  a ss ig n m e n ts  were q u i te  d i f f e r e n t .  T h e i r  d a t a ,  w i th  

t h e i r  a s s ig n m e n ts , a r e  g iv e n  be low ,

( a )  M a th ie u .

322 195, 172 ,160  ( y ? ) .  I l l  ( y * ) ,  89 ( y ^ ) .

(b )  S a c c o n i .

325 O/e) ,  193 (V7), 175 (^4) ,  106

I t  i s  c l e a r  t h a t  Adams f a i l e d  to  r e s o lv e  th e  133 cm~^ 

band  i n t o  th e  two o r  th r e e  com ponents t h a t  S a c c o n i o r
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M ath ieu  o b se rv e d . B ecause o f  th e  d is a g re e m e n t b e tw een  

S a c co n i and  M ath ieu , i t  was d e c id e d  to  m easure  t h e  sp e c tru m  

o f  [P tC l* ]  a number o f  tim e s  i n  o rd e r  t o  s u b s t a n t i a t e  

any s p l i t t i n g s  o r  weak b a n d s . The o b se rv e d  f r e q u e n c ie s  

w ith  o u r  a ss ig n m e n ts  a re  g iv e n  below .

326 ( y . ) ,  194 ( y , ) ,  1 7 4 .5  ( * . ) ,  1 0 8 .5 ,8 7 .5 ,5 9  ( e l i y ^ ) .

I t  i s  e v id e n t  from  th e  a ss ig n m e n ts  g iv e n  t h a t  we 

s u p p o r t  S a c co n i* s  a ss ig n m en t and d is a g re e  w ith  t h a t  o f  

M a th ie u , Y«e do t h i s  f o r  th e  fo l lo w in g  r e a s o n s ,

1 )  The s i  t e -sym m etry o f  [PtCl*]^*" i n  th e  p o ta s s iu m  s a l t
72

i s  th e  same a s  t h a t  o f  th e  f r e e  io n  . I t  i s  t h u s  d i f f i c u l t  

t o  a c c o u n t f o r  th e  t r i p l e t  n a tu re  a t t r i b u t e d  t o ^ ^  by 

M a th ieu , Thus th e  space  group o f  [P tC l* ]  i s  and

th e  B ra v a is  c e l l  c o n s i s t s  o f  one m o lecu le  on ly*  t h i s  

im p l ie s  t h a t  th e  o n ly  d e g e n e ra te  v i b r a t i o n s  a r e  S-m odes 

a n d  o n ly  two bands would be e x p e c te d  from  any  s p l i t t i n g .  

F u rth e rm o re  no s p l i t t i n g  i s  p r e d ic te d  foP^  7 ,

2 ) The band  n e a r  110 cm  ̂ a s s ig n e d  by  M ath ieu  t o V *  i s  

a b s e n t  in  th e  spectrum  o f  Magnus G reen S a l t ,  [Pt(NHg )* ] 

fPtClA  1 (v id e  i n f r a ) .  and  i s  th u s  more l i k e l y  t o  be a  

l a t t i c e  mode. T hree t r a n s l a t i o n a l  l a t t i c e  modes o f  th e  

p o ta s s iu m  io n s  a re  p r e d ic te d  and  th r e e  have  b e e n  o b se rv e d  

by u s ,  a l l  o f  w hich we b e l ie v e  may be a s s o c i a t e d  w ith  th e  

p o ta s s iu m  io n s .
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3 )  A s8ig n m en ts  a r e  s u p p o r te d  by th e  band  w id th  

c o n s i d e r a t i o n s ;  th e  b an d  a s s ig n e d  to  an Aqu mode i s  

s h a rp  and  n a rro w , w h ile  th o se  a s s ig n e d  to  modes a r e  

a t  l e a s t  tw ic e  a s  b ro a d . A s i m i l a r  band w id th  e f f e c t  

i s  s e e n  i n  (CO) b an d s f o r  com plexes o f  th e  ty p e  M(CO)a 

( I T - a r e n e ) .
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4*4 o th e r  s in g le  c h l o r o p l a t i n i t e s .

Be3id e e  Ka [P tC l* ]  a  num ber o f  o th e r  s in g le  

c h l o r o p l a t i n i t e s  M -R ptC l.] = E b ,C s ,T l,E t* H , P h g l ,

?h*Aü) have b een  p re p a re d  and  i n f r a r e d  s p e c t r a  I n v e s t ig a te d *  

The s a l t s  N aa lP tC la j.n H aO , B a [P tC l* ] .n % 0 , P b fP tC l* ]  an d  

Hga [P tC l* ]  Which have  a l s o  b e en  s tu d ie d ,  do n o t  f i t  i n t o  

th e  î î î [P tC l* ]  c a te g o ry .  A ssig n m en ts  o f  fu n d a m e n ta ls  an d  

o t h e r  bands a re   ̂ Iv en  i n  t a b l e  [4*1 ]• The Rb a n d  Ce s a l t s
43

have  b een  i n v e s t i g a t e d  p r e v io u s ly  , b u t  a r e  in c lu d e d  h e re  

f o r  th e  soke o f  c o m p le te n e s s .

I t  i s  l i k e l y  t h a t  each  o f  th e  compounds M ^ [P tC l* ],

(!.t  ̂ « R b ,C s ,T l)  hove th e  Iv [P tC l* ] stru ctu re. I n  a c c o rd a n c e  

w ith  t h i s  th e r e  i s  a sm ooth d e c re a s e  i n V ^ ,  th e  p la t in u m  

c h lo r in e  s t r e t c h ,  an d  i n  y ? , th e  in - p la n e  d e fo rm a tio n  a s  

th e  c a t io n  s i z e  I c  in c re a s e d *  V * , th e  o u t - o f - p l a n e  

d e fo rm a tio n , how ever, d e c r e a s e s  r a t h e r  more s p e c t a c u l a r l y  

from  175 i n  Kg [P tC l* ] t o  146 cm"  ̂ i n  th e  t h a l l iu m  s a l t .  

R a th e r  s u r p r i s i n g l y  th e  tc trae thy lam m on ium  s a l t  h a s l^ g  a t  

th e  same p o s i t i o n  a lm o s t  a s  th e  po taf slum s a l t  an d  a l s o  

i o  h ig h e r  by 4 th a n  i n  [P tC l* ] . Even l e s s  

c o r r e l a t i o n  i s  o b ta in e d  when th e  t e t r a p h e n y ls r s o n iu n  s a l t  

i s  c o n s id e r e d .  Compared w ith  [P tC l* ] , V@ i s  20 cmT* 

lo w e r , a b so rb s  a t  th e  same f re q u e n c y , an d V *  i s  25 

lo w e r .  F a i r ly  o b v io u s ly , th e  *cation -cX T cc t*  i s  more
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c o m p lic a te d  w ith  s q u a r e - p la n a r  com plexes th a n  w ith  

o c ta h e d r a l  io n s .  F o r c e - c o n s ta n t  c a l c u l a t i o n s  w ould  

p ro b a b ly  be u s e f u l  t o  o b ta in  a  b e t t e r  u n d e rs ta n d in g  

o f  th e  s u b j e c t .  Hov/ever, c a l c u l a t i o n s  w hich r e q u i r e  th e  

i n c o r p o r a t io n  o f  o u t - o f - p la n e  v i b r a t i o n s  a r e  n o t o r io u s ly  

d i f f i c u l t  b e ca u se  o f  th e  d i f f i c u l t y  o f  f i n d in g  s u i t a b l e  

i n t e r n a l  c o o r d in a te s .

I n  s p i t e  o f  th e s e  d i f f i c u l t i e s  in  f in d in g  c o n v in c in g  

c o r r e l a t i o n s ,  th e  e f f e c t  o f  th e  u n s y m n e tr ic a l  c a t i o n  P hg l'^ , 

was r a t h e r  s i m i l a r  to  t h a t  n o t ic e d  i n  o c ta h e d r a l  s y s te m s . 

T hus y  6 was q u i te  d e f i n i t e l y  s p l i t  i n to  two com ponents a t  

321 an d  308 cm"^ g iv in g  a band  c e n tr e  o f  .3 1 5  cm *"^.y* was 

n o t  s p l i t  b u t  b ro a d e r  th a n  th e  com parab le  b an d  i n  o th e r  

c h l o r o p l a t i n i t e s .  No bands w hich m ight h ave  b e en  Raman 

a c t i v e  fu n d a m e n ta ls  o f  [P tC l* ]^  were o b se rv e d .

The o n ly  o th e r  m onovalen t c a t io n  c h l o r o p l a t i n i t e  

i n v e s t i g a t e d  was N agP tC l* , T h is ,  a p p a r e n t ly ,  i s  h y d r a te d  

an d  o n ly  p o o r  s p e c t r a  o f  i t  were o b ta in e d . The fu n d a m e n ta ls  

o f  th e  a n io n  were i n  each  c a se  th e  h ig h e s t  o f  a l l  

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

( 1 4 4 , 8 9 , 54 cm ~^), m ust be  a t t r i b u t e d  to  l a t t i c e  v i b r a t i o n s  

o f  th e  sodium  io n .  S in c e  io n s  i n  K gfP tC l* ] t r a n s l a t e  a t  

110 cm“  ̂ i t  i s  n o t  im p o s s ib le  f o r  Na**" io n s  t o  t r a n s l a t e  a t  

144 cm*’  ̂,.
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The th r e e  d i v a l e n t  c a t io n  c h l o r o p l a t i n a t e s ,  B a [P tC l* ] ,  

P b [P tC l* ]  and  Hgj [P tC l* ] a l l  h a d  u n u su a l s p e c t r a .  The 

b a riu m  s a l t  ( from  w hich many o f  th e  o th e r  s a l t s  w ere m ade), 

i s  h y d ra te d .  No s p l i t t i n g s  w ere o b se rv e d , a s  m ig h t h av e  

b e en  p r e d i c t e d ,  and no bands were u n u s u a l ly  b r o a d .  The 

fu n d a m e n ta ls  a p p e a re d  and  re a s o n a b le  f r e q u e n c ie s ,  b u t  a  

m ed iu m -s tro n g  band  was o b se rv e d  a l s o  a t  208 cm "^. T e n t a t i v e l y  

t h i s  i s  a t t r i b u t e d  to  a  v i b r a t i o n  a s s o c ia t e d  w ith  th e  t o r s i o n  

o f  th e  v /a te r  m o le c u le s . P lum bic  c h l o r o p l a t i n i t e ,  (n o t  

h y d r a te d ) ,  a l s o  h a d > * ,  V q , a n d ) /7 i n  norm al p o s i t i o n s ,  b u t  

was o n ly  a weak-medium b ro a d  band . V he ther t h i s  i s  

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

medium f e a tu r e  a t  350 cm*^ can  be e q u a te d  w ith  ^  1 .
3 +

P resum ab ly  m ercurous c h l o r o p l a t i n i t e  c o n ta in s  th e  Hgb io n ,  

a n d  th e  s a l t  w i l l  o b v io u s ly  be o f  u n u su a l s t r u c t u r e .  

D i f f i c u l t y  was e x p e r ie n c e d  i n  o b ta in in g  a sp e c tru m  o f  t h i s  

compound; th e  o n ly  band  o b se rv e d  (from  a v e ry  t h i c k  m u ll)  

was a t  285 cmT^. T e n ta t iv e ly  t h i s  i s  a t t r i b u t a b l e  t o ) ^ ^ .

U n fo r tu n a te ly ,  i n  s p i t e  o f  t h e i r  p ro m is in g  c o lo u r ,  none 

o f  th e  s o l i d  c h l o r o p l a t i n i t e s  gave a Raman sp e c tru m .
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4*5 O th e r  s q u a r e - p la n a r  Io n s

S q u a re -p la n a r  a n io n  c h e m is try  i s  a f e a t u r e  o f  th e  

h e a v i e r  io n s*  t h i s  ty p e  o f  c o n f ig u r a t io n  ( i n  th e  c a s e  

o f  h a lo g e n o  com plexes) i s  l im i te d  to  P t l ^ I ) ,  P d ( l l )  a n d  

A u ( I I l ) .  S in c e  s im p le  s a l t s  c o n ta in in g  th e  [ P t I * f  o r  

[ P d l* y  io n s  a re  n o t  p ro p e r ly  c h a r a c t e r i s e d ,  o n ly  a 

l i m i t e d  number o f  th e s e  s q u a re -p la n a r  io n s  e x i s t .  They 

a r e  n am ely , [P tX ^ f  " ,  (X = C l ,B r ) ,  [PdX .]® ", (X = C l ,B r ) ,  

and  [AuX *], (X = C l , B r , l ) .  B e s id es  K g fP tC l* ] , th e  s p e c t r a  

o f  Kg [P tB r* ] , K[AuCl* ] and K[AuBr*] have b e en  i n v e s t i g a t e d
1 3 ,4 3  _ _

e ls e w h e re  . However, th e  s p e c t r a  o f  [PdX* J , ( X = 

C l ,B r )  an d  K[AuI*] a r e  r e p o r te d  h e re  f o r  th e  f i r s t  t im e ,

( s e e  t a b l e  [4 * 2 ] . The spectrum  o f  [ P t l* ] ^ ~ ,  w hich  h a s  

b e en  c h a r a c t e r i s e d  w ith  a complex c a t io n  a s s o c i a t e d  w i th  i t ,  

w i l l  be  m en tio n ed  i n  a  l a t e r  s e c t io n .

The spec trum  o f  Kg [P tB r* ] i s  w orth  m e n tio n in g  h e r e ,

b e c a u se  i t  was p ro b a b ly  w rongly a s s ig n e d .  The a s s i g n a t i o n s

f o r  i t  w ere d i r e c t l y  dependen t on th o se  o f  K g [P tC l* ] , w hich
12

was a l s o  i n v e s t i g a t e d  a t  th e  same tim e . Thé a s s ig n m e n ts  

o f  Kg [P tC l* ]  a re  now knovm to  be wrong (s e e  s e c t i o n  4 * 5 ) .

The a s s ig n a t io n s  o f V g  a n d l)?  to  th e  bands a t  233 an d  135 cm"^ 

a re  s t i l l  p ro b a b ly  c o r r e c t ,  b u t  th e  i n t e r p r e t a t i o n  o f  th e  

two lo w e r  f re q u e n c y  bands (107 , 8 0 ) i s  i n  d o u b t.
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The p ro x im ity  o f  y *  in  Kg [P tC l* ]  s u g g e s t  s t r o n g ly

t h a t  th e  b an d  a t  107 cm  ̂ sh o u ld  be a t t r i b u t e d  t o ) / * ,  and  

t h a t  a t  80 cmT  ̂ t o l / ^ .  However, i n  d i r e c t  c o n f l i c t ,  th e  

f a c t  t h a t  p o ta s s iu m  io n s  t r a n s l a t e  a t  lOB i n  Kg [P tC l*  ] ,

s u g g e s t  t h a t  th e y  sh o u ld  t r a n s l a t e  n e a r  t h i s  f r e q u e n c y  i n  

K g [P tB r* ] j t h i s  r e q u i r e s  a s s ig n a t io n  o f  th e  1 0 ?  t o

an d  (p re su m a b ly ) th e  80 cm*^ band to  y * .  To make 

m a t te r s  w o rse , i t  can  be shown t h a t  one o f  th e  t r a n s l a t i o n a l
7 4

l a t t i c e  modes i n  Kg [P tB r* ]  i s  o f  sym m etry ( th e  o th e r s  

a r e  8% ), I t  i s  q u i te  l i k e l y  t h e r e f o r e ,  t h a t  b o th  th e  107 cmT  ̂

and  th e  80 cmT  ̂ b an d s c o n ta in  c o n t r ib u t io n s  from  (̂ ’̂ t r )  

a n d y *  (A cu ), The o n ly  knov/n s im p le  io d o  com plex K [A ul*] 

was a l s o  s tu d ie d  i n  o r d e r  to  f i n d  o u t a t  w hich  f re q u e n c y  

th e  p o ta s s iu m  io n  t r a n s l a t e d ,  y  g (a  sh a rp  s t r o n g  b a n d , i n  

l i n e  w ith  o th e r  io d o  com plexes) a p p e a re d  a t  191 cm“  ̂ and  

th e  o n ly  o th e r  b ands o b se rv e d  were weak f e a t u r e s  a t  70 and  

54 cm“  ̂ . A lth o u g h  k I a u I * ]  m ust a d o p t a d i f f e r e n t  s t r u c t u r e  

from  th e  Kg [P tC l* ] s t r u c t u r e ,  i t  was th o u g h t t h a t  th e  

io n s  w ould t r a n s l a t e  a t  ro u g h ly  th e  same f r e q u e n c ie s .

How ever, no a b s o r p t io n  was se e n  a round  110 cm*"̂  ; th u s  i n  

Kg [P tB r* ] ,  i t  i s  more l i k e l y  t h a t  th e  107 cmT  ̂ ban d  c o n ta in s  

more c o n t r i b u t i o n  from  V* th a n  T e n ta t i v e ly  th e  70 cmT^

an d  54 cm"'^ bands i n  K[A uI*] a r e  a s s ig n e d  t o ^ y  a n d V * , b u t  

a g a in ,  i t  i s  p rob  abler t h a t  some l a t t i c e  mode c o n t r i b u t i o n
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m ust be p r e s e n t  in  th e s e  b a n d s .

The a ss ig n m e n ts  f o r  Kg[PdCl*] fo l lo w  from  d i r e c t  

com parison  w ith  th e  p la tin u m  a n a lo g u e ; th e  low  f re q u e n c y  

bands a t  111 and  90 cmT  ̂ a re  a t t r i b u t e d  to  l a t t i c e  

v i b r a t i o n s  o f  th e  p o ta ss iu m  io n s .  E x c e p t f o r  a  20 cmT  ̂

d i f f e r e n c e  i n ^ g ,  th e  spectrum  o f  Kg [PdB r*] i s  a lm o s t  

i d e n t i c a l  w ith  Kg [P tB r* ] . As w ith  th e  p la t in u m  compound 

i t  io  a moot p o in t  w h e th e r th e  band a t  106 cm~^ io  w h o lly  

a s s ig n e d  t o y  * o r  n o t .  B e s id e s  th e  p o ta s s iu m  s a l t s  o f  

[PdX*P  ̂ (X = C l ,B r ) ,  Nag [PdCl*] was a l s o  i n v e s t i g a t e d  

f o r  com parison  w ith  Nag [P tC l* ] , R a th e r  s u i p r l s i n g l y ,  e a c h  

o f  the  fu n d a m e n ta ls  f o r  th e  Nag [PdCl* ] f a l l  b e lo w  th o s e  o f  

th e  p2)atinum a n a lo g u e . T h is  i s  p ro b a b ly  b e c a u se  th e  

p a lla d iu m  compound i s  anhydrous w hereas th e  p la t in u m  one 

io  h y d ra te d .  The l a t t i c e  mode o f  th e  sodium  io n  i n  

Rag [P tC l* ]  a t  144 cm”  ̂ was a ls o  h ig h  com pared w ith  i t s  

f re q u e n c y  i n  Nag [PdCl*] (132 cm~^).
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4* 6 Summary o f  th e  Magnus G reen  and  Mapnus P in k  p ro b le m . 

Magnus G reen s a l t  (MGS) was f i r s t  made i n  1828 by
75

Magnus by th e  a c t i o n  o f  ammonia on PtC lg , E m p i r ic a l ly  

th e  compound h ad  th e  fo rm u la  PtC lg.SN H g, b u t  v/as f a i r l y  

o b v io u s ly  [Pt(NHg )* ] [P tC l* ] , MGS w ould b e  e x p e c te d  to  be  

p ink*  [P t(N H a)*P"^ i s  c o lo u r l e s s  and [PtC l*]^"* i s  r e d .
7 6

However, J o rg e n s e n  and  S o ren sen  n o t ic e d  t h a t  a  p in k  

m o d if ic a t io n  w ith  th e  same a n a l y s i s ,  [Magnus P in k  s a l t  

(MPS) ] c o u ld  be p r e p a re d ,  and t h a t  t h i s  was e a s i l y  

tra n s fo rm e d  to  MGS by h o t  w a te r .  They s u g g e s te d  t h a t
77

liPS was a monomer w h ile  MGS was a p o ly m e r. Cox e t  a l .  

exam ined b o th  m o d if ic a t io n s  by X -ray  and  c o n c lu d e d  t h a t  

MGS was n o t  a p o ly m er b u t  c o n ta in e d  d i s c r e t e  c a t i o n s  and  

a n io n s .  A lth o u g h  c o r r e c t ,  th e  a c t u a l  s t r u c t u r e  th e y
77

p o s t u l a t e d  i s  now known to  be i n c o r r e c t ,  Cox e t  a l ,  

a l s o  s u g g e s te d  t h a t  MPS when g e n e r a l ly  m d e  was n o t  MPS 

b u t  C le v e ’ s s a l t ,  [Pt(NHg ) g C l [ P t C l * ] ,  an d  t h a t  b o th  

C le v e ’ s s a l t  and  MPS w ere e a s i l y  c o n v e r te d  t o  MGS, 

(C le v e ’ s  s a l t  a l s o  a n a ly s e s  t o  PtC lg . 2NHQ ) .  I t  was a l s o  

p o s t u l a t e d  t h a t  g e n u in e  ÎÆPS en d  C le v e ’ s s a l t  w ere 

s t r u c t u a l l y  s i m i l a r  a lth o u g h  no a c tu a l  s t r u c t u r e s  w ere 

su g g e s te d ,
78

Yamada , ( b a s in g  h i s  t h e o r i e s  on th e  s t r u c t u r e  o f  

MGS p o s t u l a t e d  by C o x ), to o k  th e  f i r s t  q u a n t i t a t i v e
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d ic h ro ism  m easurem ents on MGS and th e  ‘bromo a n a lo g u e .

He s u g g e s te d  t h a t  th e  anam olous c o lo u r  was due t o  

i n t e r a c t i o n  be tw een  v a r io u s  p la n e s  o f  io n s  ( g iv in g  

a p p a r e n t ly  a  b a th o c h ro ra ic  e f f e c t ) .  He c o n c lu d e d  t h a t  

th e  i n t e r a c t i o n  was c a u se d  by m utual d i s tu r b a n c e  b e tw een  

th e  e l e c t r o n i c  c lo u d s  o f  d - e l e c t r o n s  w hich s p re a d  above 

an d  below  th e  c e n t r a l  p la t in u m  a tom s, Yamada o b v io u s ly  

n e g le c te d  th e  compound [Pt(IZH3 )* ] [PdCl* ] w hich  d o es  h av e  

th e  e x p e c te d  p in k  c o lo u r .

The a c c e p te d  c r y s t a l  s t r u c tu r e  o f  MGS was d e te rm in e d  
79

by R undle e t  a l .  who d e m o n s tra te d  t h a t  MGS c r y s t a l l i s e d  

i n  a t e t r a g o n a l  l a t t i c e  w ith  c ry  s t e n o g r a p h i c  sym m etry
0 o

D4h -p 4 /to C . The P t - C l  bond d is ta n c e  v/as 2 ,3 4  A, th e  

P t-N  d i s ta n c e  2 ,0 6  X and  th e  n e a r e s t  p la t in u m  atom s w ere 

3 .2 5  A a p a r t .  The s t r u c t u r e  a d o p te d  i s  o f  s ta c k e d  io n s  

( c a t i o n  and  a n io n  i n  t u r n )  w ith  a s ta g g e re d  c o n f i g u r a t i o n  

o f  28® betw een  th e  i n d iv id u a l  p la n e s .  T h is  i s  i l l u s t r a t e d  

i n  f i g u r e  [4 * 2 ] , R undle e t  a l .  a l s o  to o k  r a d i a l  

d i s t r i b u t i o n  m easurem ents o f  b o th  MGS end MP3, T hese a re  

shown i n  F ig u re  [4 * 3 ] .  R e f e r r in g  to  t h i s  f i g u r e ,  i t  i s  

c l e a r  t h a t  b o th  I  an d  I* r e p r e s e n t  th e  P t - C l  d i s t a n c e ,

I I  i n  MGS r e p r e s e n t s  th e  P t - P t  d i s t a n c e ,  b u t  t h e r e  i s  no  

a n a lo g o u s  II* i n  MPS, I t  i s  p o s s ib le  t h a t  II* i s  o v e r l a id  

b y  I I I*  , b u t  ev en  i f  t h i s  were so , i t  p la c e s  th e  P t - P t
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d i s t a n c e  i n  MPS a t  more th a n  5 1 .  R undle a l s o  was of* 

th e  o p in io n  t h a t  th e  c o lo u r  o f  MPS was i d e n t i c a l  w ith  t h a t  

o f  [Pt(îUîg )*]C la  , b u t  t h i s  i s  s u r e ly  i n c o r r e c t .  No 

s t r u c t u r e  was su g g e s te d  f o r  IÆPS by R u n d le ,

S in c e  MGS was f i r s t  p r e p a re d ,  a  num ber o f  a n a lo g o u s  

have a l s o  b e en  made. Thus [ P t (1 % R ) * ] [P tC l* ] (X = M d,E t, 

P r^ ,B u ^ ) ,  an d  many bromo and  th io c y a n a to  a n a lo g u e s  have  

b een  m ade. A lso  sy s te m s have b een  made w here d i f f e r e n t  

m e ta ls  a r e  p r e s e n t  i n  e ac h  io n .  F o r th e  s i n g l e  am in es , 

th e  r e s u l t a n t  c o lo u r  i s  th e  e x p e c te d  one i f  th e  two 

d i f f e r e n t  m e ta l atom s a r e  p r e s e n t ,  b u t  g e n e r a l l y  g re e n  i f  

m e ta l a tom s a re  th e  sam e. I n  th e  s e r i e s  [P t (N I^ R )* ] [P tC l* ] 

(R a  H ,M e ,E t) , b o th  th e  am ine an d  me th y  lam in e  com plexes 

h ave  g re e n  c o lo u r  b u t  th e  e th y la m in e  com plex r e v e r t s  b ack

t o  th e  e x p e c te d  p in k  c o lo u r .
80

M i l l e r  i n  1961 exam ined th e  e l e c t r o n i c  s p e c t r a  o f  

a l a r g e  ra n g e  o f  Magnus G reen  ty p e  s a l t s .  He c o n c lu d e d  

t h a t  th e  r e a s o n  f o r  th e  s t r u c t u r e  a d o p te d  was NOT th e  

fo rm a tio n  o f  m e ta l-m e ta l  b o n d s , b u t  t h a t  t h i s  ty p e  o f  

p a c k in g  was m ere ly  e l e c t r o s t a t i c a l l y  f a v o u r a b le .  He a l s o  

showed t h a t  t h i s  ty p e  o f  s t r u c t u r e  was n o t  r e s t r i c t e d  t o  

j® io n s  a lo n e  b e c a u se  ( a )  [Cu(NH3 )* ] [P tC l*  ] was fo u n d  t o  

be  isom orphouB w ith  MG3 an d  (b )  th e r e  was a  c o p p e r  a n a lo g u e  

t o  n i c k e l  d im e th y lg ly o td m e . He d e m o n s tra te d  t h a t
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[P t(5 t,H H g  )* ] [P tC l* ] V/as n o t  isom orphous w ith  MGS,

I n  t a b l e  [4*3] th e  p r o p e r t i e s  o f  a  num ber o f  th e  s a l t s  

t h a t  he  i n v e s t i g a t e d  a r e  l i s t e d .  B oth th e  a c t u a l  and  

e x p e c te d  c o lo u r ,  a s  w e ll  a s  th e  m e ta l-m e ta l  bond d i s t a n c e  

i s  shown. The m e ta l-m e ta l  bond  d is ta n c e  i s  a c t u a l l y  h a l f  

th e  l e n g th  o f  th e  c - a x i s  o f  th e  t e t r a g o n a l  u n i t  c e l l .

M i l l e r  was o f  th e  o p in io n  t h a t  m e ta l-m e ta l  i n t e r a c t i o n  

b e tw een  th e  p la n e s  m ig h t e x p la in  th e  anom alous c o lo u r s  b u t  

was p ro b a b ly  r e s t r i c t e d  to  compounds i n  w hich  th e  m e ta l -  

m e ta l d i s t a n c e  was l e s s  th a n  3 .3 5  A. He b a s e d  t h i s  f i g u r e  

o f  3 .3 5  A on th e  p r o p e r t i e s  o f  th e  compound [Pt(NHg )* ][p t(S G IT )* ] 

w hich  w ould  be e x p e c te d  to  be  o ra n g e , b u t  io  i n  f a c t  r e d .

M i l l e r  b e l i e v e d  t h a t  th e  f a c t  t h a t  th e  c o lo u r  was o n ly  

s l i g h t l y  d i f f e r e n t  from  th e  e x p e c te d  one , i n d i c a t e d  t h a t  

th e  m e ta l-m e ta l  d i s t a n c e  i n  t h i s  compound (3 .3 5  A) was th e  

c r i t i c a l  d i s t a n c e  f o r  i n t e r a c t i o n .

M i l l e r  re -e x a m in e d  th e  p rob lem  in  1965 e x te n d in g  th e

ra n g e  o f  compounds s tu d ie d .  He c la im ed  to  d e m o n s tra te

quantum  m e c h a n ic a l ly ,  t h a t  m e ta l-m e ta l  i n t e r a c t i o n  d id  o c c u r

i n  a l l  compounds w ith  Magnus G reen  ty p e  l a t t i c e s ,  e v e n  w ith

th o s e  p o s s e s s in g  no rm al c o lo u r s .  However, h e  s t i l l  s to o d
0 1

by  h i s  e a r l i e r  o p in io n  t h a t  t h i s  i n t e r a c t i o n  was n o t  

r e s p o n s ib le  f o r  th e  s t r u c t u r e  a d o p te d . He a l s o  f a i l e d  to  

in d e x  th e  pow der p h o to g ra p h  o f  [ftCEt.RKg ) * ] [P tC l* ]  a g a in .
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82
W illia m s  e t  a l . p u b l is h e d  a p a p e r  a lm o s t

81
s im u lta n e o u s ly  w ith  t h a t  o f  M i l le r  w hich exam ined  th e  

e l e c t r o n i c  s p e c t r a  o f  MPS a s  w e ll a s  th e  no rm al ® Magnus 

G reen  ty p e  com pounds. They p o s tu la t e d  t h a t  th e  c o lo u r s  

a d o p te d  were due to  'v i b r o n i c  in te n s i ty - b o r r o w in g
t 83

m echanism  , I n  t h i s  p a p e r  a R u ss ia n  r e f e r e n c e  i s  q u o te d  

i n  w hich  a f u l l  X -ray  s t r u c t u r e  showed t h a t  [Cu (RH)^ ] [ P tC l* ]  

was in d e e d  isom orphous w ith  MGS, The a n g le  o f  s t a g g e r  

be tw een  th e  p la n e s  i n  th e  com plex was th e  same a s  i n  MGS 

and  th e  s te r e o c h e m is t ry  o f  th e  l ig a n d s  w ere s q u a r e - p la n a r .  

V illia m s  c la im e d  t h a t  th e  ab sen ce  o f  h y d ro g e n -b o n d in g  i n  

Magnus G reen  ty p e  com plexes (co n c lu d ed  from  i n f r a r e d  s t u d i e s  

i n  th e )^ (N -H ) r e g io n )  i n d ic a t e d  t h a t  th e  s t a g g e r in g  o f  th e  

p la n e s  v/as su c h , m ere ly  to  s a t i s f y  the  p a c k in g  r e q u ir e m e n ts  

o f  th e  hy d ro g en  a to m s.

A lth o u g h  [P t(E t.N H 3 )* ] [P tC l* ]  d id  n o t  h ave  th e  MGS 

s t r u c t u r e ,  W illiam s th o u g h t t h a t  m e ta l-m e ta l i n t e r a c t i o n  

was s t i l l  n o t  p re c lu d e d  an d  t h a t  h ig h e r  am ine com plexes 

m igh t p o s s e s s  a q u a s i -Magnus G reen s t r u c t u r e .

The same p a p e r  r e p o r t e d  a  n e a r  i n f r a r e d  b an d  a t  

6000 cmT  ̂ i n  MGS, v/hich was a t t r i b u t e d  to  in t e r m o le c u la r  

e l e c t r o n  t r a n s f e r  t r a n s i t i o n s .  I t  i s  a l s o  s t a t e d  t h a t  th e  

l ig a n d  f i e l d  bands sh o u ld  be  a f f e c t e d  by ch an g es  i n  th e  

U ngeradc (u )  v i b r a t i o n s .  S in ce  th e  s t r e t c h i n g  v i b r a t i o n .
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V ( p t - C l )  d e c re a s e s  from  325 cmT  ̂ i n  K2 [P tC l* ]  t o  310 cm"^ 

i n  MGS, i t  i s  c la im e d  t h a t  th e  am p litu d e  o f  t h i s  v i b r a t i o n  

i s  g r e a t e r  i n  MGS ( th a n  K g P tC l* ), l e a d in g  t o  a n  

enhancem ent o f  i n t e n s i t y .  I n  Kg [P tC l* ] ,  i t  i s  s u g g e s te d  

t h a t  th e  Agu and  o u t - o f - p la n e  b e n d in g  modes a r e  a c t i v e  

i n  v ib r o n ic  c o u p lin g , b u t  i n  MGS th e y  a re  i n h i b i t e d  by th e  

p r o x im ity  o f  th e  io n s  (w hich sh o u ld  n o t  a f f e c t  th e  

v i b r a t i o n ) .  O v e r a l l ,  7 / i l l ia m s  e t  a l . ,  a r e  o f  th e  o p in io n  

t h a t  th e  e l e c t r o n i c  s p e c t r a  o f  [PtA* ] [P tC l*  ] te n d s  to v /a rd s  

t h a t  o f  Kg [P tC l* ] a s  th e  s i z e  o f  A becom es v e ry  l a r g e .

I n  s u p p o r t  o f  t h i s  W illia m s  e t  a l . have  r e c e n t l y  q u o te d
8 4

P r o u t  who c la im s  t o  have  fo u n d  a m e ta l-m e ta l  d i s t a n c e  i n  

[P t(S t.N H g ) * ] [ p tC l* ]  o f  3 .4 0 jÎ .  Thus th e  m e ta l-m e ta l  

d i s t a n c e s  i n  MGS, [P t(E t.N H g )* ] [P tC l*  an d  K̂  [P tC l*  ] a r e  

3 .2 6 ,  3 .4 0  and 4.10A  r e s p e c t iv e ly .

The summary above shows t h a t  th e  n a tu r e  o f  th e  m e ta l -  

m e ta l i n t e r a c t i o n  i n  MGS ty p e  compounds i s  s t i l l  u n c e r t a i n  

an d  t h a t  no s t r u c t u r e  h a s  b een  p o s tu l a t e d  f o r  ?v!PS. I t  v/as 

th o u g h t  th e r e f o r e  t o  be  o f  i n t e r e s t  to  ( a )  d e te rm in e  w h e th e r  

t h e r e  was a  v i b r a t i o n a l  a c t iv e  ( a n t is y m m e tr ic )  m e ta l -m e ta l  

bond  i n  th e s e  co m p lex es, and  ( b ) ,  seek  any s t r u c t u r a l  h i n t s  

fro m  th e  sp ec tru m  o f  MPS. The com plexes s t u d i e d  how ever 

a r e  w o rth y  o f  a  s e p a r a te  s tu d y  f o r  t h e i r  own s a k e , s in c e  

th e y  a r e  a s  y e t  l i t t l e  s tu d ie d  below  250 cm~^,
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The a s s ig n m e n ts  o f  f f e q u e n c ie s  o b se rv e d  f o r  a l l  

compounds o f  MGS ty p e  a re  shown i n  T a b le s  [4*4] to  [4*7 ].

The a rra n g e m e n t o f  th e  T a b le s  i s  th u s  s -

(a )  T a b le  [4*4a], assignm ent o f  [PtX *P~ bands in  

[î«iL*][PtX*].

(b) Table [4*4 b ] , assignm ent o f  [ML*]^"  ̂ k e rn e l bands in  

[ML*][PtX*].

( c )  T a b le  [4*3], a ss ig n m e n t o f  N-H bands i n  [M L *][P tX *].

( d ) ,  ( e ) ,  a n d  ( f ) .  T a b le s  [4*6 a ] ,  [4*6 b ] , an d  [4*7] r e f e r  

t o  th e  s p e c t r a  o f  th e  an a lo g o u s  [ML*][PdX*] com pounds,

L r e f e r s  t o  th e  l ig a n d  in  th e  c a t io n ;  h ig h  f re q u e n c y  modes 

o th e r  th a n  th o s e  a s s o c i a t e d  Vrithi R-H a re  n o t  r e p o r t e d .

Some s p e c t r a  a r e  s k e tc h e d  in  F ig u re s  [4*4] sn d  [4*5]•

P o o r s p e c t r a  o n ly , w ere o b se rv ed  f o r  a num ber o f  th e  

compounds s tu d ie d .  The o n ly  p r e v io u s ly  r e p o r t e d  s p e c t r a
71

f o r  compounds o f  t h i s  ty p e  a re  f o r  MGS by M ath ieu  e t ,  a l ,  

and  f o r  MGS and  th e  p a lla d iu m  a n a lo g u e  by  C la rk  and
8 5

W illia m s . I n  th e  T a b le s  [4*4], [4*7], a l l  b an d s  a r e  s t r o n g  

u n le s s  o th e rw is e  s t a t e d .
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4*7 S p ec tra  o f  Mapnus Green type compounds.

The a s s ig n m e n ts  f o r  th e  spectrum  o f  MGS p u b l i s h e d  by  
.  8 6

u s  i n  1965 , i s  th e  one g iv e n  in  th e  t a b l e s  i n  t h i s  

c h a p te r ,  b u t  i n  f a i r n e s s  i t  sh o u ld  be m en tio n ed  t h a t  a  

r e - i n v e s t i g a t i o n  o f  th e  sp ec tru m  c a s t s  d o u b t on t h i s
7 1

a s s ig n m e n t. M ath ieu  e t  a l . have re c o rd e d  th e  sp e c tru m  

o f  [pt(NH3 ) * j c i a ; th e  [P tR *] k e r n e l  h a s  th e  f r e q u e n c ie s  

510 (^ e ) , 236 (^ 7  ) and  150 (J/* ) .  A c o n s id e r a t io n  o f  th e s e  

d a t a ,  ta k e n  j o i n t l y  w ith  th e  p r e s e n t  d a ta  from  Kg [P tC l* ] 

(Vg S3 3 2 5 , )/?  = 194 , )/*  a  174) su g g e s ts  th e  f o l lo w in g  

a s s ig n m e n ts  i n  KGS [Pt(NH3 ) . f ‘̂  234 ( V .) ,  1 4 1 .5  (M *)’, 

[ ? tC l .]® “ 310 ( V ,) ,  198 (3I7 ) ,  175 (W .). H ow ever, s e c t i o n

4*4 h a s  shown t h a t  th e  c a t io n  e f f e c t  a p p e a rs  to  b e  morè 

a c t i v e  i n ) / *  (b end ) t h a n V * ( s t r e t c h ) .  I n  Tig [P t C l * ] V g 

i s  o n ly  8 cm~^ lo w e r  th a n  i n  Kg [P tC l* ] , b u t ) / *  i s  a b o u t 

30 cm”  ̂ lo w e r  a t  146 cm~^, S in ce  l/g  f o r  th e  a n io n  i n  

MGS, i s  a t  310 cm“  ̂ i t  i s  v e ry  p o s s ib le  t h a t  th e  b an d  a t  

1 4 1 .5  m ig h t be P *  f o r  th e  a n io n  r a t h e r  th a n  th e  c a t i o n .

The sp e c tru m  o f  th e  bromo an a lo g u e  , [Pt(NHQ )* ] [P tB r*  ] 

was ta k e n  i n  o rd e r  to  h e lp  a s s ig n m e n ts , th e  ban d  n e a r  

l4 5  cmT  ̂ d is a p p e a re d  c o m p le te ly . T h is  w ould seem to  

i n d i c a t e  t h a t  t h i s  band  i s  h a lo g e n  s e n s i t i v e  ; in d e e d  i t  

o b v io u s ly  i s  x - s e n s i t i v e  b u t  th e  a u th o r  p r e f e r s  to  d i s c u s s
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th e  s p e c t r a  c o n s id e r in g  t h i s  band  t o  be  an ;a n i on 

v i b r a t i o n .  I f  th e  140 cm~^ band  i s  ta k e n  a s  b e in g  * 

f o r  th e  [P tC l*]® * a n io n ,  th e n  g rav e  d o u b t m ust be  c a s t  

on M a th ie u ’ B a s s ig n m e n ts  o f  th e  spectrum  o f  [P t(M Î3 )* ]C l2 . 

I n  MGS, y  7 w ould h ave  to  be a s s ig n e d  to  th e  b an d  a t  

266 cm“  ̂ and  >/* t o  th e  one a t  234 cm“^ ,

T here  a re  two th in g s  wrong w ith  u s in g  th e  b rom ide  

a s  a co m p a riso n . The f i r s t  t h in g  i s  n o t  s e r i o u s  a n d  i s  

m ere ly  in s t r u m e n ta l  * th e  d e fo rm a tio n  modes f o r  th e  

[P tB r* ]^ *  io n  a re  v e ry  low  and  n o t  alw ays o b s e r v a b le  ? /i th  

th e  i n te r f e r o m e t e r .  The o th e r  p rob lem  i s  c a u se d  by th e  

s t r u c t u r e  a d o p te d  by  MGS ty p e  compounds; th e  o u t  o f  p la n e  

d e fo rm a tio n s  (>*, Ag^)  w i l l  p ro b a b ly  be  v e ry  s e n s i t i v e  t o  

th e  n a tu r e  o f  th e  c o u n te r io n s .  Thus, i t  w i l l  be  more 

d i f f i c u l t  f o r  a n i t r o g e n  atom th a n  a h a lo g e n  atom  t o  move 

o u t  o f  p j a n e .  T h is  s h o u ld  be  r e f l e c t e d  by a n  in c r e a s e  i n  

f re q u e n c y  o f  f o r  th e  c a t io n  a s  l a r g e r  h a lo g e n  a tom s a re  

p la c e d  i n  th e  a n io n , th u s  y  * f o r  th e  c a t i o n  i n  

[Pt(RHa ) * ] [P tB r* j  h a s  b een  a s s ig n e d  to  a b an d  a t  185 cmT^. 

The f a c t  t h a t ) / *  f o r  th e  c a t io n  i n  MGS i s  c lo s e  t o  t h a t  i n  

[Pt(NHa )* JClg n eed  n o t  n e c e s s a r i l y  be s u r p r i s i n g  b e c a u se  

th e s e  two compounds have  e n t i r e l y  d i f f e r e n t  s t r u c t u r e s .

The in - p la n e  d e fo rm a tio n  O 7 ) i s  n o t  a f f e c t e d .

I n  o r d e r  to  c o n firm  th e  above th e o ry  c o n c e rn in g  th e
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s e n s i t i v i t y  o f a n  a t te m p t  to  malce [ P t ( N H a ) a ] [ P t I * ]  

was made* T h is  was s u c c e s s f u l .  A d d it io n  o f  [ P t (NHg ) * f  

io n s  to  a s o lu t io n  o f  K a [ P t C l * ] ,  to  w hich e x c e s s  KI h ad  

b e en  added , y i e ld e d  a  g re e n  s o l i d  t h a t  a n a ly s e s  t o  

P t i g . 2NH3 . The c o lo u r  i s  i t s e l f  i n t e r e s t i n g ;  th e  

s o lu t io n  o f  KgPtl^, was I t s e l f  b la c k ,  and th u s  some m e ta l -  

m e ta l i n t e r a c t i o n  i s  i n d ic a t e d  by th e  g re e n  c o lo u r .

How ever, th e  m e ta l-m e ta l  d i s ta n c e  i s  a lm o s t c e r t a i n l y  

g r e a t e r  th a n  th e  l i m i t i n g  v a lu e  o f  3.35?^ s e t  by M il le r^ ^  

f o r  m e ta l-m e ta l  i n t e r a c t i o n  to  o c c u r . X -ray  d a ta  on  t h i s  

compound w ould be  u s e f u l .

I n  [ P t (1%  )* ] [P tI*  ] ,  th e  185 cm*^ b an d  p r e s e n t  i n  th e  

brom ide d is a p p e a re d  ( th e  b an d  a t  180 cm"^ I s  a t t r i b u t e d  t o  

th e  p la t in u m - io d in e  s t r e t c h )  b u t  a new b an d  a t  228 cmT  ̂

(n o t  p r e s e n t  i n  MGS e i t h e r )  can  be a t t r i b u t e d  t o  i n  th e  

c a t i o n .  The change i n  I n  g o in g  from  MGS t o  th e  io d id e  

i s  th u s  90 cm~^ ; t h i s  v a lu e  i s  v e ry  l a r g e  a n d  th e  a s s ig n m e n t 

made f o r  t h i s  s e r i e s  o f  com plexes depends e n t i r e l y  on w h e th e r  

such  an  in c r e a s e  i s  p o s s ib l e .  The d e fo rm a tio n  modes i n  

Magnus G reen io d id e  w ere o b se rv e d  a t  56 cmT  ̂ (V7 ) an d  40 cm“̂  

(^ 4 ) .  These bands were co n firm ed  w ith  an PS-6 2 0  

i n te r f e r o m e te r  w hich h ad  a  lOO m icron  beam s p l i t t e r  (an d  

th u s  s p e c t r a l  r e g io n  s tu d ie d  was 10-100 cmT^) ,  R e c e n tly
87

H endra r e p o r te d  th e  Raman s p e c t r a  o f  a l a r g e  num ber o f  

s q u a r e - p la n a r  io n s  i n  th e  s o l i d  s t a t e .  A p p a re n tly  h o w ev er.
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th e  r e p o r t e d  sp e c tru m  o f  Kg [ P t I * ]  was i n  f a c t  t h a t  o f
r  -I 8 8[ P t l g j ,  f o r  w hich  th e  same th re e  h an d  sp e c tru m  i s  

p r e d i c t e d .

An a t te m p t  to  make th e  com plex [Pt(HHg )* ] [P d l*  ] was 

n o t  w h o lly  s u c c e s s f u l  b e ca u se  th e  b la c k  s o l i d  o b ta in e d  

a lw ay s h a d  p o o r  a n a l y s i s  f i g u r e s .  However, th e  sp e c tru m  

c o u ld  b e  i n t e r p r e t e d  on th e  b a s i s  t h a t  [PtClTHg )^ ]  [P d l* ]  

was th e  m ajo r c o n s t f t t^ ^ n t .  Thus th e  p a l la d iu m - io d in e  

s t r e t c h i n g ,  v/as o b se rv e d  a t  198 cmT  ̂ w h i l s t t h e  

p a l la d iu m - n i t r o g e n  o u t - o f - p la n e  d e fo rm a tio n  a b so rb e d  a t  

238 cm~^,

M e ta l-m e ta l b o n d s s t r e t c h e s  a re  g e n e r a l ly  v e ry  s t r o n g  

and  s h a rp  i n  th e  i n f r a r e d .  Two weak f e a t u r e s  w ere o b s e rv e d  i n  

the MGS sp ec tru m  a t  8 2 .5  and  74 cm“ ^ , b u t  th e s e  can  be 

a t t r i b u t e d  to  l a t t i c e  modes ( o f  u n c e r t a in  n a tu r e )  r a t h e r  

th a n  m e ta l-m e ta l  b o n d s . A lso  no d is c o n tin u o u s  change was 

n o t i c e d  i n  th e  s p e c t r a  o f  th e  s p e c ie s  [P t(R .H I^  ) * ] [ P t C l ^ ] ,

(R = H , M r , E t ) ,  a s  R=H was r e p la c e d  by R=Me a n d  th e n  R=Mt.

I t  i s  t h e r e f o r e  c o n c lu d e d  t h a t  th e r e  i s  no v i b r a t i o n a l l y  

a c t i v e  m e ta l-m e ta l  bond  i n  Magnus G reen ty p e  com pounds.

No comment i s  r e q u i r e d  on th e  c a t io n  p a r t  o f  th e  s p e c t r a  

(e x c e p t  t h a t  a l r e a d y  m e n tio n e d ) ;  th e  c o o rd in a te d  ammonia 

b an d s a r e  r e p o r te d  a s  a m a t te r  o f  c o u rs e . I t  i s  w o rth  

m e n tio n in g  how ever t h a t  i n  many c a s e s ,  y  g th e  m e ta l - n i t r o g e n
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s t r e t c h  was to o  v/eak to  be o b se rv e d .

No s t r u c t u r a l  h i n t s  a re  s u p p l ie d  by  th e  sp e c tru m  o f  

MPS, The p la t in u m - c h lo r in e  s t r e t c h  v/as a t  322 cm*^,

12 cm”  ̂ h ig h e r  th a n  i n  MGS, T hree band  s p e c t r a  w ere 

o b se rv e d  f o r  b o th  th e  c a t io n  and  a n io n  . p a r t s  an d  th u s  i t  

i s  l i k e l y  t h a t  b o th  [Pt(NHQ and [ P t C l ^ f  ** a r e  i n  f a c t

p r e s e n t  i n  MPS*

An i n t e r e s t i n g  f e a t u r e  o f  th e  sp ec tru m  o f  C le v e ’ s  

s a l t ,  [Pt(NHo ) o C l l 3 [P tC l^,] I s  t h a t  th r e e  b a n d s  w ere 

o b s e rv e d  i n  th e  m e ta l - c h lo r in e  s t r e t c h i n g  r e g io n  (3 1 9 , 330 

an d  344 cm~^) .  T h is  o b s e rv a t io n  can  be c o r r e l a t e d  w ith  

p r e s e n c e  o f  c h lo r in e  a to n ^ in  two d i f f e r e n t  e n v iro n m e n ts .

The s t r u c t u r e  o f  C lev e* s s a l t  i s  unknown, b u t  from  i t s  v e ry  

n a tu r e  m ust c o n ta in  io n s  o f  low s i t e  sym m etry. Thus th e  

d e g e n e ra te  mode ( ^ e )  oi* th e  a n io n  i s  s p l i t  i n t o  a  d o u b le t  

w ith  com ponents a t  319 and  330 cm*“̂  g iv in g  a n  a v e ra g e  v a lu e  

o f  ( P t - C l )  o f  3 2 5  cm”  ̂ , The 344 cm""̂  b an d  i s  a lm o s t  

c e r t a i n l y  ( P t - C l )  o f  th e  c a tio n *  t a k in g  i n t o  a c c o u n t t h a t  

th e  c a t io n  h a s  a d i p o s i t i v e  c h a rg e  w h i l s t  th e  a n io n  h a s  a  

d o u b le  n e g a t iv e  c h a rg e , i t  i s  v e ry  l i k e l y  t h a t  ^ ( P t - C l )  f o r  

th e  c a t io n  w i l l  be  h ig h e r  thanj/^ ( P t - C l )  f o r  th e  a n io n .  No 

s p e c t r a l  d a ta  on th e  [Pt(ITH3 J^ C l]*  io n  i s  a v a i l a b l e  f o r  

r e f e r e n c e ,
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4* 8 Conclusions,

The i n f r a r e d  s p e c t r a  o f  Kg [P tC l^ ]  and  o f  a num ber o f  

o t h e r  s im p le  c h l o r o p l a t i n i t e s  have  been  a s s ig n e d ;  th e  

i n t e r p r e t a t i o n  o f  th e  spectrum  o f  Kg [P tC l*  ] s u p p o r te d  t h a t  

made by S accon i e t . a l .  The s p e c t r a  o f  v a r io u s  o t h e r  

s q u a re  p la n a r  io n s  have  a ls o  b een  a s s ig n e d ,  a l th o u g h  f o r  

b an d s  a t  lo w e r f r e q u e n c ie s  th a n  150 cm~^, l a t t i c e  mode 

c o n t r i b u t i o n s  to  th e  s p e c t r a  w ere seen  t o  b e  c o m p lic a te d .

The s p e c t r a  o f  some MGS ty p e  compounds can  b e  i n t e r p r e t e d  

on th e  b a s i s  t h a t  t h e r e  i s  no m o ta l -n e ta l  bond  t h a t  i s  

v i b r a t i o n a l l y  a c t i v e .  The [ P t l ^ f  "  io n  h a s  th e  e x p e c te d  

sp e c tru m ,

ivîPS p ro b a b ly  c o n ta in s  b o th  [Pt(NHg J*'*' a n d  [ P t C l * f  

io n s ,  V ( P t - C l )  andV ^(P t-N ) a re  12 ^nd 10 cïïT^ h ig h e r  

r e s p e c t i v e l y  th a n  th e  c o rre sp o n d in g  b ands i n  MGS, The 

a b s o r p t io n  in  th e  )/^(P t-C l) r e g io n  in  e le v e n s  s a l t  can  b e  

i n t e r p r e t e d  on th e  b a s i s  o f  a  low  s i t e  sym m etry f o r  th e  io n s  

p r e s e n t  i n  th e  s a l t .

One la h g e  p rob lem  s e t  by t h i s  c h a p te r  h a s  b e e n  th e  

e x a c t  p o s i t i o n s  o f  th e  in - p la n e  and  o u t o f  p la n e  d e fo rm a tio n s  

d f  s q u a r e - p la n a r  sy s te m s . I t  seem s v e ry  s t r a n g e  t h a t  f o r  

th e  [PtIT* p  ^ and  [P tC l* P  ~ sy stem s t h a t  i s  h ig h e r  i n  th e  

f i r s t  system  th a n  i n  th e  secohd  system  w h ile  th e  r e v e r s e  i s  

t r u e  o f  th e  m odes. U n fo r tu n a te ly ,  n o t  enough s q u a r e -
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p l a n a r  sy s te m s a r e  a v a i l a b l e  f o r  com p lete  s t u d i e s  t o  b e  

made. E xcep t f o r  th o s e  a lr e a d y  m en tioned  th e  o n ly  o t h e r  

common s q u a r e - p la n a r  sy s tem s a re  e n c o u n te re d  i n  t h io u r e a  

com plexes o f  some m e ta l lo id s  and i n  some c y a n id e  co m p lex e s .
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4*9 Experimental

MGS ty p e  compounds were made by m ix in g  aq u eo u s
o 00s o l u t io n s  o f  th e  c o u n te r io n s  a t  0 C, 2CPS was p r e p a r e d

79
by th e  m ethod  o f  Cox e t . a l .  To an aqueous s o l u t i o n  o f  

[P t(m ig  )*]C1@, to  w hich  one q u a r te r  o f  i t s  volum e o f  

0 ,8 8  HHq h a d  b e e n  a d d ed , n e u t r a l  [P tC l* ] was a d d ed  

w hereupon th e  p ro d u c t  p r e c i p i t a t e d ,  EPS h a s  th e  c a l c u l a t e d  

a n a l y s i s  o f  N, 8 ,7 /j a n d  C l ,  23 ,5 /j w h ile  th e  fo u n d  a n a l y s i s  

h a d  N, 8 ,7 5 ^  a n d  C l ,  2 3 .5 ^ .

[ P t (1%  ] [ P t I * ] was p re p a re d  by m ix in g  e q u im o le c u la r  

s o l u t i o n s  o f  [Pt(NH3  ̂ an d  [ P t I * i o n s ;  [ P t l ^ P "  io n s  

w ere made by a d d in g  e x c e s s  KI t o  [P tC l*  ] s o l u t i o n .  

C a lc u la te d ,  N 5,3^^, I  52 ^ , P t  40^o; fo u n d , N 5.31% , I  51.94$( 

P t  39.8% , [Pt(NH3 ) * ] [ P t I * ]  was p re p a re d  i n  a  s i m i l a r  m anner 

b u t  r e a s o n a b le  a n a l y s i s  f i g u r e s  c o u ld  n o t  b e  a t t a i n e d ,  

e le v e n s  s a l t  was p re p a re d  a c c o rd in g  t o  T sch u g aev * s
09

m ethod .

S p e c tro m e te rs  u s e d  have b een  m en tioned  p r e v io u s ly  

( S e c t io n  [ 3 * 9 ] ) .



FIGURE 4 o l

Romal modes of a square-planar MX^ molecule.

?  K

1), ( E V )



FIGÏÏHE 4.2 
Crystal structure of Magnus Green Salt

U t ' 1 1 1O

(001) Projection. Solid lines indicate 2 = 0 ,  

broken ones 2=Y^

Large circles represent  Cl, small  o n es  

represent  M



FIGURE 4.3

Radial distribution functions of ilagnus Green 
ICagnus Pinl-c Salts.

A(r)

r(A)

A= MGS 

B=MPS

(a fte r  Rundle et.ol. OA.CS.. 19 5 7 ,7 9  3017)



FIGURE 4.4

^ a r - in f ra re d  s p e c t ra  of (Pt(UH^)^)(PtX^)'^ (X = C l , 3 r , l ) ,

i)(N4- Br)

_ _ a A



FIGURE 4.5

F a r - in f r a r e d  sp e c t ra  of (M(UH^)^)(PtCl^), (M* Pt,Pd,Cu)

J U

100 200 4 0 0
cm"'



Table [i+-l]

A ssignm en ts f o r  some s im p le  c h l o r o p l a t i n i t e s

C a t i o n . ' ^ 6 >^7 O t h e r  b a n d s

N a ^ ( h y d r a te d ) 327 209m 190 1 4 4 ,8 9 ,5 4

Et*N+ 326 190 181 —

K'*' 326 194 1 7 4 .5 1 0 8 .5 ,8 7 .5 ,5 9

Rb"^ 324 187 168 -

Cs"^ 320 183 I 6 l -

( h y d r a t e d ) 319 173 154 208m

Te'^ 318 182 146 —

P b^^ 315m 176 146 350w-m

Phal"^ 321 ,308 177
(b ro a d )

145 -

PlifcAs*^ 305 193 151 -

285w - 260vw

A ll  bands s t ro n g  u n le s s  in d ic a t e d .



Table [4*2]

A s s ig r  m en ts  f o r  some s im p le  s q u a r e - p la n a r  i o n s  (cm"*  ̂ )

>̂ 7 O th e r  b an d s

Ka [P tB r , 233 135 106 81

NSa [PdC l*] 3 2 2 183 159 1 3 2 ,8 0

Ko [P d C l,] 332 190 .5 168 1 1 1 ,9 0

Ks [PdBr* ] 294 136jn 106m 8lw

K [A uI*] 191 70m 54m

A l l  b an d s s t r o n g  u n l e s s  s t a t e d  o t h e r w i s e .



Table [4*3 ]

P r o p e r t i e s  o f  some M agnus G reen  ty p e  c o m p le x e s  ( fr o m  

r e f . 8 1 ) .

M e t a l - m e t a l
Compound C o lo u r C o lo u r d i s t a n c e  (?0

[Pd(H H a)4][P aC l* ] P in k P in k 3 .2 4 5

[P td îïfe  ) * ] [ P d C l ,] P in k P in k 3 .2 2 5

[Cu(NH3 ) * ] [P tC l* ] P u rp le Pui*ple 3 .2 3 0

[? d (H H a )4 ][P tC l,] P in k P in k 3 .2 5 0

[P t(H H 3 )* ][P tC l4 ] G reen P in k 3 .2 3 0

[Pt(Me,NHa ) , ] [ ? t C l , ] G reen P in k 3 .2 4 5

[P d (N H a )4 ][P d B r* ] Red Red 3 .3 7 0

[P t(N H a ) ,] [P tB r* ] G reen Red 3 .3 1 0

[Pt(Me.NH3 ) t ] [P tB r* ] G reen Red 3 .3 0 5

[Pd(MHa )*][Pd(SC H )*] P ink P in k 3 .3 4 5

[?t(IIHa ),,][P t(S C K )* ] Red Orange 3 .3 5 0

[P t(E t.N %  ) * ] [ P t C l , ] P in k P in k îTot t e t r a g o n a l



Table [4* 4a]

13 -

(X = C l . B r . l )

1 ) ,

[P t(« H 3  ) , ] [ P t C l , ] ( M G S 3 1 0 1 9 8 1 7 5

[Pd(NHa ) * ] [ P t C l * ] 320 1 8 7 1 7 4

[Cu(NHa ) * ] [ P t C l , ] 3 2 0 1 8 4 1 7 5

[P t(N H a )*  ] [ P tC l*  ] (KiPS) 322 1 8 8 17 8

[Pt(N H o ) a C |[ P t C l * ] 3 3 0 ,3 1 9

[ P t ( M e .N H a ) * ] [ P tC l* ] 3 1 3 One b a n d  o b s e r v e d
1 8 7

[P t(E t.N H a  ) * ] [ P t C l * ] 3 1 2

[ P t ( N H a ) * ] [ P tB r * ] 2 2 2 One b a n d  a t  95  cm""

[ C u ( N H a ) , j [ P tB r * ] 2 2 8 One b a n d  a t  1 0 5  cm

[P t(M e.N H s ) , ] [ P t B r * ] 2 1 7 139 1 0 5

[ P t ( E t . N % ) * ] t P t B r * ] 2 2 0 - -

[ P t ( B r .N H g ) * ] [ P t B r , ] 219 — -

[P t(N H a ) 4 ] [ P t I . ] ' ^ 1 8 0 56 4 0

^ ) ^ ( P t - C l )  i n  c a t i o n  a t  3 4 4  cm"
-1

Known n o t  t o  b e  is o m o i^ h o u s w i t h  MGS

■*Low f r e q u e n c y  b a n d s  ( 5 6 ,4 0 )  o b t a i n e d  fro m  F T C -1 0 0 .

—1 

m -s



Table [4*4b]

A s s ig n m e n ts  f o r  ^ I n  MGS c o m p le x e s  w it h  P t

i n  o n io n

Da

5 0 0 w 234 1 4 1 .5

- 266 144

4 35w 238w-m 146,5m

510 250 o r  267 154

502w 253 144

4 9 6w - 140 P r 152

456w 272 1 5 5 ,wm

- 247m 185

440w 235 185

4.91,503w 268 -

- 264 -

- 267m 195m

— 255 228



Table (4 *5 ]

:.-H frcRuenclea In aQü tooe cccaounds c^»tniining n t  

In anion.

PtCîîHa ) .]U > tC l* ]  3 2 6 0 , 3 1 7 0 5  1 6 2 4 , 1 5 3 6 5  1 3 1 0 ; 324

3 3 0 5 ,3 1 9 8 ; 1 6 2 4 ,1 5 7 2 ; 1272 ; 776

C u (î-n îo )4 ]!? tC l* ]  3 3 0 5 ,3 2 6 5 ,3 1 9 0 ; 1 6 0 0 ; 1 3 1 0 ,1 2 4 5 ; 633

? t ( î îH s ) . ] [ ? tC l . ] ( î , - P 8  ) 3 2 5 0 ,3 1 3 0 ; 1 5 8 3 ; 1 3 3 0 .1 3 4 3  ; 356

? t ( f f l l a ) a C l ] e [ 2 tC l . ]  3 2 5 0 ,3 1 9 0 ; 1 5 3 0 ; 13!»0,1308; 9 2 2 ,3 0 8

? t(M e .îîI^  ; * ] [ ? t C l . ]  3 2 3 5 ,3 1 7 0 ,1 5 7 5 ; 1 3 4 4 .1 2 6 8  ; 6 9 8 .

P t(F ,t.N îl, J . J f P t C l . ]  3 2 3 5 ,3 2 0 0 ,3 1 7 0 ; 1 5 8 5 ; 1253 ; 734

P t  SH,, 3 2 6 0 ,3 1 7 0 ; 16 0 4 ; 1 2 9 6 ; 780

Gu(RI4, ) * ] [ ? t 0 r * ]  3 3 0 0 ,3 2 2 0 ; 31 9 0 ; 16 0 0 ; 1 3 1 2 ,1 2 9 2 ,
1256; 688

r’t(!.!e.nHa 3200; 1592; 1 248 ,1300  ; 6 9 8 .

? t{ E t.2 îJ^  ) . ] [ ; > t a r . ]  3 2 0 8 ,3 1 9 3 ,3 1 6 5 ; 1 5 7 0 ; 1238 ; 722

?t(B u .r,H , 3 2 6 0 ,3 1 6 8 ; 1570 ; 1 3 0 4 ,1 2 3 3 ,1 2 1 5 ; 727

) . ] ( p t l . ]  3 2 3 0 ,3 1 6 3 ,1 6 0 3 ; 1 3 1 8 ; 316

(ÎÎ-H) 3 2 0 0  cm~‘ (m%) 1 6 0 0  ca"* /  ( # 3  ) 1 3 0 0 ,

(m „  ) 800 cffl"*



T ab le  [ 4 - 5a]

A se lg n n ien ta  f o r  [P dX .] ~ I n  MG3 ty p e  comptNmde 

(x  = C l , B r , l ) .

Compound y  « y ? V*

[Pd(NHa )* ] [P â C l* ] 326 197 188

[Pt(HHB )* ][P d C l* ] 332 224 164

[PdCHHa ) . ] [ P d B r . ] 262 — -

[C u(«%  ) * ] [ P d B r .] 262 m-8 One b an d  a t  110 m

[Pd(M e.R%  ) .  ] [PdBr* ] 250 One b an d  a t  105 m

[Pt(HHo ) * ] [ P d I * ] 198 -



Table [4 '6 b ]

A s s ig n m e n ts  f o r  [1.<L.]° I n  MQ8 c o m p le x e s  w i t h  

P d  i n  a n i o n .

Com pound y ,  y ,  y '*

[Pd(IIHo )4 ] [ P d C l . ]  490w  260  147

[Pt(N H s ) . ] [ P d C l 4 ] 491w 245m 1 3 7

[Pd(NHo ) * ] [ P d B r 4 ] -  262 18 6  w-m

[Cu(NHa ) * ] [ P d B r * ]  468w -  1 8 6

[? d { Me .H% )*  ] [P d B r. ] 498w -  190

[Pt(N H a ) . ] [ P d I * ]  -  254  238m



Table [4 '7 ]

IIH f r e q u e n c i e s  I n  MGS c o m p le x e s  c o n t a i n i n g  

P d  i n  a n io n .

[Pd(H H o)*][PdC l*] 

[? t( in ia  )* ][P d C l* ]  

[?d(HHa ) .] [P d B r* ]  

[C u(IŒ a)*][P dB r*] 

[?d(Me.IîHj ) * ] [P dB r*] 

[Pt(NHa )* ] [P d I* ]

3 3 0 5 ,3 1 8 5 ;  1 6 2 4 ,1 5 8 0 ;  1 2 7 7 ;  779 

3 3 1 0 ,3 1 9 0 ;  1 6 0 0 ; 1 2 4 6 ; 7 5 2 ,

3 2 8 2 ,3 1 7 0 ;  1 6 0 3 ; 1 1 9 7 ,1 1 6 4  ; 6 4 8 ,6 9 5  

3 4 0 0 ,3 2 8 0 ,3 2 2 0 ;  1 6 0 8 ; 1 2 7 9 ,1 2 4 5 ;  7 7 6  

3 2 7 5 ,3 2 3 5 ,3 1 9 0 ;  3 1 6 5 ; 1 5 3 6 ;  1 2 4 0 ;  680  

3 2 3 5 ,3 1 6 0 ;  1 6 0 3 ,1 5 3 0 ;  1 3 1 9 ;  818

V(H-H)'.-3200 cm "\ S(NHs)^ 1600  cm"'' S/NH3 ) ^1300 cm"̂  

Pr (îIHa ) 800  cm "''



CHAPTER FIVE 
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CHAPTER 5 . TETR/.HEDRA.L AHIONS

5*1 I n t r o d u c t io n

The f i r s t  h a lo g e n o  com plexes o f  t h a l l i u m ( I I I ) w ere
90

made by Meyer i n  1900 , The e le m e n ts  o f  g roup  I I I  A 

a p p e a r  t o  be a b le  t o  form  v a r io u s  complex h a l i d e s  o f  th e  

form  [MX^f (n  = 3 ,4 ,5 ,6 )  a s  w e ll a s  v a r io u s  e q u a te d  

h a lo g e n o co m p lex e s , a n d  th u s  su b seq u en t r e p o r t s  on T1X&""
9 1 , 9 2

io n s  have  b een  som etim es c o n f l i c t i n g .  The s i t u a t i o n
93

was sum m arised  by C o tto n  who a ls o  a u t h e n t i c a l l y  

c h a r a c t e r i s e d  f o r  t h e  f i r s t  tim e  th e  t e t r a  c o o rd in a te d  

s p e c ie s  T1X&", (X = C l , B r , l ) .  He a ls o  d e m o n s tra te d  t h a t  

(P h tA s)[T lG l* ]  was i s o s t r u c t u r a l  w ith  (Ph^As ) [PeC l* ] a n d  

th u s  [T lG l*]~  was a l s o  t e t r a h e d r a l .  The compounds 

(Bu^^^IT) [T lX t ] ,  (X = 0 1 ,B r ) ,  were a l s o  shown to  be
9 4t

isom orpho us w ith  e ac h  o t h e r .  However, A to j i  e t , ^ ,  have  

c la im e d  t h a t  X -ray  e v id e n c e  shows t h a t  some t e t r a h a l o t h a l l a t e s  

a r e  s q u a r e - p la n a r .  I n f r a r e d  and  Raman s p e c t r a  o f  [TlX* 

io n s  p ro v id e  an  e le g a n t  m ethod o f  d i s t i n g u i s h in g  b e tw een  

t e t r a h e d r a l  and s q u a r e - p la n a r  c o n f ig u r a t io n s  and  th e s e  

com plexes were made i n  o rd e r  to  o b ta in  t h e i r  s p e c t r a ,
36,95

S in c e  t h i s  work was co m p le te d , S p iro  h a s  p u b l is h e d

d a ta  i n  c lo s e  ag reem en t w ith  t h a t  r e p o r te d  b e lo w .
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5*2 R e s u l t s  an d  D is c u s s io n .

The i n f r a r e d  a n d  Raman f r e q u e n c ie s  o b s e rv e d  f o r  

th e  com plex s tu d i e d  a r e  g iv e n  in  t a b l e  [ 5 * l ] ,  w i th  

a s s ig n m e n ts  made on th e  a ssu m p tio n  o f  a t e t r a h e d r a l  

s t r u c t u r e .  The s p e c t r a  o f  th e  te trae th y lam m o n iu m  s a l t s  

a re  shown i n  F ig u re  [5*1 ]•

The m a jo r d i f f e r e n c e s  i n  th e  s p e c t r a  o f  t e t r a h e d r a l  

and  s q u a r e - p la n a r  io n s  w i l l  o c c u r b ecau se  th e  t e t r a h e d r a l  

io n  d o es  n o t  have  a c e n t r e  o f  in v e r s io n .  T hus, 

c o in c id e n c e s  b e tw een  Raman and  i n f r a r e d  s p e c t r a  a r e  t o  be  

e x p e c te d  f o r  t e t r a h e d r a l  io n s ,  w h ile  th e r e  s h o u ld  b e  none 

f o r  s q u a r e - p la n a r  io n s .  F o r [P tC l* ] th e  h i g h e s t  Raman 

s t r e t c h  o c c u rs  a t  335 cm"^ and th e  i n f r a r e d  s t r e t c h  i s  o n ly  

10 cm~^ lo w e r . Good Raman s p e c t r a  were o b ta in e d  from  t h e  

y e llo w  (R t^N ) [T lB r* ] an d  r e d  (E t^ N )[T II^ ] ,  I n  e a c h  c a se  

c o in c id e n c e s  were o b se rv e d  w ith  th e  i n f r a r e d  s p e c t r a ;  a  

Raman b an d  a t  183 cm~^ i n  (Et^IT) [T lB r^] was m atched  by one 

i n  th e  i n f r a r e d  a t  185 cm*”  ̂ , w h ile  th e  c o r re s p o n d in g  b a n d s  

i n  th e  io d id e  o c c u r re d  a t  149 and  146 cm*^ r e s p e c t i v e l y .

I t  i s  c o n c lu d e d  t h a t  th e s e  io n s  a re  t e t r a h e d r a l  a n d  n o t  

s q u a r e - p la n a r .

I t  i s  im p o s s ib le  to  u se  c o r r e l a t i o n  t a b l e s  t o  com pare 

th e  s p e c t r a  o f  t e t r a h e d r a l  and  s q u a r e - p la n a r  i o n s ,  b e c a u se  

Td and  p o i n t  g ro u p s  l i e  i n  s e p a ra te  b ra n c h e s  a t  th e
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9 6 I
sy m m e try -h ie ra rc h y  (se e  F ig u re  [ 5 *2 j/, H ow ever, th e  

num ber o f  e x p e c te d  bands f o r  each  symmetry g roup  i s  

shOY/n below

2 I .R .  4  R. 5 3 I .R .  3 R.

I t  S hould  th e r e f o r e  be a l s o  p o s s ib le  t o  d e c id e  w h ich  

c o n f ig u r a t io n  i s  a d o p te d  by m ere ly  c o u n tin g  th e  num ber 

o f  b an d s i n  th e  s p e c t r a .  F o r th e  th a l l iu m  co m p lex es, 

(e x c e p t f o r  i o d id e ) ,  how ever, m ost bands w ere s p l i t  t o  

some e x te n t  and  th e r e f o r e  t h i s  method f a i l e d .  N e v e r th e 

l e s s ,  i t  i s  b e l ie v e d  t h a t  th e  c o in c id e n c e s  o b se rv e d  a rg u e  

s t r o n g ly  f o r  a t e t r a h e d r a l  c o n f ig u r a t io n ,  and th e  s p e c t r a  

w i l l  be  d is c u s s e d  on t h i s  a ssu m p tio n . F o r  a  t e t r a h e d r a l  

com plex MX*, th e  b an d s e x p e c te d  are")^  ̂ (A ), ^ 3  (E ),

%  an d  y *  (b o th  F g ) , andV g a re  s t r e t c h i n g  v i b r a t i o n s ,  

a l l  b an d s a re  Raman a c t iv e  b u t  o n ly  th e  Fg-m odes i n f r a r e d  

a c t i v e .  The form  o f  th e  norm al v i b r a t io n s  a r e  shown i n  

F ig u re  [5 * 3 ] .

None o f  th e  c h lo r id e s  R[T131* ] ,  (R = Me*N, Rt*N, 

Ph*4s)>  ( a l l  v /h ite )  gave a good Raman sp e c tru m , *^3 f o r  

th e  t e  tram e thylammonium s a l t  v;as v e ry  b ro a d ,  p o s s e s s e d  

s t r u c t u r e  and  was c e n t r e d  a t  302 cm~  ̂ , A d o u b le t  a t  

98 and  113 cm~  ̂ (b o th  s t r o n g )  i s  a s s ig n e d  t o ^ * .  The 

p o s s i b i l i t y  o f  one com ponent b e in g  a l a t t i c e  mode i s  

d is c o u n te d  on th e  e v id e n c e  p r e s e n te d  in  C h a p te r  th re e *
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w ould be e x p e c te d  to  t r a n s l a t e  a t  a b o u t th e  same

fre q u e n c y  a s  Cs*^, an d  Cs*  ̂ g e n e r a l ly  t r a n s l a t e s  a t  l e s s

th a n  80 cm  ̂ . No Raman s ig n a l  a t  a l l  was o b ta in e d  from

t h i s  compound. I n  c o n t r a s t  (E t* N )[T lC l* ] gave  a  Raman

s ig n a l  o f  s u f f i c i e n t  i n t e n s i t y  to  be a b le  t o  o b se rv e  V i

a n d p Q ,  The s t r e n g th  and  sh a rp n e ss  o f  th e  b an d  a t

312 cm”  ̂ unam biguously  a s s ig n s  i t s e l f  a s V ^ ;  V 3 was o f

o n ly  medium i n t e n s i t y ,  q u i te  b ro a d  and  c e n t r e d  a t  290 cm” ^ ,

T h is  v a lu e  o f ^  3 com pares q u ite  w e ll  w ith  t h e  c o r r e s p o n d in g

v a lu e  i n  th e  i n f r a r e d  spectrum , i , e ,  293 cm“  ̂ . T h is  was

q u i te  b ro a d , b u t  n o t  a s  b ro ad  asV  3 i n  th e  Ne^N’*’ s a l t ,

was v e ry  s im ilD r  t o  th e )^ *  in  (île^N) [T lG l* ] : th u s  a

ban d  a t  110 cm~  ̂ h a d  a  sh o u ld e r  a t  93 cn"’̂ , F o r  th e

te t r a p h e n y la r s o n iu m  s a l t y  3 a p p ea re d  a s  a  d i s t i n c t  d o u b le t

( a t  3 06 , and  292 cm“ ^ ) ,  a s  d i d ^ * .  The f a c t  t h a t  a l l

th r e e  t e t r a  c h i  o r o t h a l l a t e s  had t h i s  n e a r  90 cm"^ le n d s

f u r t h e r  e v id e n ce  f o r  i t s  a s s ig n a t io n  a s  a  com ponent o f

r a t h e r  th a n  a  l a t t i c e  mode. I t  seems l i k e l y  from  th e

s p e c t r a l  ev id en ce  t h a t  i n  th e  compounds i n v e s t i g a t e d  t h e r e

i s  some d i s t o r t i o n  i n  th e  c r y s t a l  ; w h e th e r  t h i s  i s  due t o

p a c k in g  o f  th e  o rg a n ic  group o r  a n  a c tu a l  lo w e r in g  o f

sym m etry i s  n o t  c e r t a i n .  I n  (Ph*As) [FeC l*] i t  was fo u n d

i n  f a c t ,  t h a t  th e  a c t u a l  te t r a h e d r o n , [F e C l* ], was s l i g h t l y
©7

f l a t t e n e d  a lo n g  one a x i s .
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The i n t e r p r e t a t i o n  o f  the  s p e c t r a  o f  th e  b ro m id es  

fo l lo w s  c lo s e ly  t h a t  o f  th e  c h lo r id e s .  ITo Raman sp e c tru m  

was o b ta in e d  from  th e  and  Ph^As**’ s a l t s  b u t

(E t^N ) [T lB r^ ] gave a  good s i g n a l .  V q f o r  t h e  (Ee.*IT) [T lB r* ] 

was s p l i t  i n to  a  d e f i n i t e  t r i p l e t  (m ain s t r o n g  p e a k  a t  

199 cm“  ̂ w ith  sh o u ld e rs  e i t h e r  s id e  a t  186 an d  207 cm~^ ) ,

The s t r o n g  band  a t  102 cmT  ̂ i s  r a t h e r  h ig h  f o r  V * , 

c o n s id e r in g  th e  p o s i t i o n  in  th e  c h lo r in e  a n a lo g u e . I n  

t a b l e  [ 5 *1 ] t h i s  band  i s  l i s t e d  u n d e r  V*, b u t  r e a l l y  t h i s  

i s  r a t h e r  d o u b t f u l .  I n  (E t*N )[T lB r* ] y *  was q u i t e  b ro a d , 

and  o v e r l a id  by th e  p o ly th e n e  band* th u s  th e  f i g u r e  o f  

78 cm  ̂ i s  o n ly  an ap p ro x im ate  one . V 3 was s p l i t  i n t o  two 

v e ry  s t r o n g  f e a t u r e s  a t  173 and 185 cm“  ̂ .V 1 a n d  Vg a r e  

much c lo s e r  to g e th e r  i n  th e  Raman s p e c t r a  o f  (E t^ Iî)  [T13r^ ] 

th a n  i n  th e  c h lo r id e  : th u s  was a v e ry  sh a rp  and  s t r o n g

a t  192 cm“  ̂ w h ile  Vq was o f  on ly  v/eak~medium i n t e n s i t y  a t  

182 cm~^. T h is  v a lu e  o f V g  com pares w e ll w ith  th e  i n f r a r e d  

v a lu e .  F o r (P h^A s)[T lB r^] on ly  a  p o o r  sp ec tru m  c o u ld  b e  

o b ta in e d  and o n ly  II3 was o b se rv ed  w ith  c e r t a i n t y  i n  th e  

i n f r a r e d ;  t h i s  had  th e  same shape a s  th e  s a l t  a n d

was c e n t r e d  a t  196 cm~^,

The Raman spectrum  o f  [T I I^ ]”* in  i t s  te trae th y la m m o n iu m  

s a l t  showed th e  same t r e n d  a s  th e  brom ide when com pared t o  

th e  c h lo r id e ,  ( i . e .  p ro x im ity  o f  y  1 an d  ) .  I n  t h i s  c a se
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h o w e v e r!/1  f e l l  b e lo w l/g  a t  130 cm~^, As w ith  th e  b rom ide 

was v e ry  sh a rp  and  s t r o n g , w h ile  s l i t s  o f  0 ,1 5  mm w ere 

n e c e s s a ry  to  r e s o l v e r s  ( a t  149 cm~^). I n  s h a ip  c o n t r a s t  

to  th e  o t h e r  h a l o t h a l l a t e s  %/3 i n  th e  i n f r a r e d  was v e ry  

sh a rp  ( a t  146 cm""^), was o b se rv e d  a s  a medium s h a ip  

f e a t u r e  a t  60 cm~^ . F o r  th e  te tr a p h e n y la r s o n iu m  s a l t  o n ly  

V3 ( a t  1 4 8 ) was o b se rv e d  fl*om th e  i n f r a r e d  sp e c tru m . 

However, th e  s p e c t r a  o f  th e  te trae th y lam m o n iu m  s a l t  was 

good enough t o  s u g g e s t  t h a t  th e r e  i s  no d i s t o r t i o n  i n  th e  

i o d o t h a l l a t e  s a l t s .
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5*3 C o n c lu s io n s .

The s p e c t r a  o f  th e  t e t r a h a l o t h a l l a t e s  [TlX*

(X = C l , B r , l ) ,  have b e en  o b se rv e d  and  a s s ig n e d  on  th e  

b a s i s  o f  a t e t r a h e d r a l  c o n f ig u r a t io n .  In  no c a s e s  were 

and>4 o b se rv e d  i n  th e  Raman s p e c t r a .  I t  i s  c o n c lu d e d  

t h a t  th e r e  i s  some d i s t o r t i o n  i n  th e  ch i o r  o and  brom& 

com plexes b u t  n o t  i n  th e  i o d o t h a l l a t e s .  The o^^ser^ed 

f r e q u e n c ie s  o b se rv e d  h e re  compare w e ll w ith  th o s e  o f  th e
9 8 - 1 0 1

ind ium  a n a lo g u e s  a l r e a d y  in  th e  l i t e r a t u r e .
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5*4 ]::xperlm © ntal

A l l  compounds w ere p r e p a r e d  a c c o rd in g  t o  th e
0 a

p r e p a r a t i o n s  g iv e n  by  C o tto n . The s a l t  (Et^^N) [T I I^ ]  

w hich  h a d  n o t  b e e n  p r e p a r e d  p r e v io u s ly  h ad  s a t i s f a c t o r y  

a n a l y s i s  f i g u r e s .

S p e c tr a  w ere ta k e n  on in s tru m e n ts  m en tio n ed  

p r e v io u s ly  ( s e e  S e c t io n  3 * 9 ) .



FIGURE 5ol

V iorational spectra o f  (NEt^)(TIX^), (X= C l ,B r , l ) ,
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FIGURE 5 ,2

The sym m etry-hieraxchy diagram  o f Jorgenson®
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FIGUHE 5.3

N orm al m odes o f  a  t e t r a h e d r a l  MX. m o le c u le .

y(M-X) v(M-X)ao f(MX)
* 9



T a b le  [5 * 1 ]

O b s e rv e d  f r e q u e n c i e s  f o r  som e t e t r a f a a l o t h e l l a t e a d l l ) 

( I n  cm ~^)

( K e tK ) [ T lC l* ] 3 0 2 ( IR ) 1 1 5 ,9 8 ( I R )

( E t* H ) [ T lC l* ] 312 2 93  ( I R )  
2 9 0  (R)

1 1 0 ,9 3 ( I E )

( K i 4 ^ s ) [ T l C l * ] 3 0 6 ,  292  ( I R ) 1 0 7 ,9 3  ( I E )

(M é iN )[T lB r4 ] 2 0 7 ,1 9 9 ,1 8 6 ( I R ) 1 0 2  ( I R )

( S t* N ) [ T lB r 4 ] 192 1 8 5 ,1 7 3  ( I E )  
1 8 3 (E )

78 ( I R )

(P h * .i s ) [ T lB r * 3 1 9 6  ( I R )

( E t* N ) [ T l I * ] 13 0 1 4 6 ( I R )  
1 4 9 (E )

60

( P h * A s ) [ T l I * ] 148  ( I E )
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CHAPTER 6. TITÎTGST5IT CHLOI-gnS PMTAFLUORIDE

6*1 I n t r o d u c t io n

C h a p te r  th r e e  d e a l t  w ith  th e  s p e c t r a  o f  o c ta h e d r a l
2 —

a n io n s  t y p i f i e d  by PtCl@ . w ith  most c a t i o n s  i t  was

fo u n d  t h a t  th e  s p e c t r a  obeyed th e  norm al o c ta h e d r a l

s e l e c t i o n  r u l e s .  However, w ith  th e  d ip h e n y lio d o n iu m

c a t io n  and  som etim es w ith  th e  te t r a p h e n y la r s o n iu m  c a t i o n

th e  s p e c t r a  ( e s p e c i a l ly  th e  i n f r a r e d )  w ere more c o m p a tib le

w ith  Cov s i t e  symmetry f o r  th e  a n io n . Thus y ^ becam e

i n f r a r e d  a c t i v e , ^   ̂ s p l i t  a n d ^ g  th e  i n a c t i v e  mode was

som etim es o b se rv e d  d i r e c t l y .  The c e n t r a l  m e ta l atom  i n

th e  a n io n  s t i l l  w ould h a v e , how ever^ s i x  h a lo g e n  a tom s

aro u n d  i t  s i t u a t e d  o c ta h e d r a l ly .  T h is  ' a p p a r e n t  d i s t o r t i o n *

o f  th e  o c ta h e d ro n  can  be u s e f u l  som etim es i n  h e lp in g  make

a s s ig n m e n ts . I t  i s  p o s s ib le  to  a c h ie v e  * d i s t o r t i o n s *

c h e m ic a lly  by s u b s t i t u t i n g  a d i f f e r e n t  h a lo g e n  i n t o  th e

o c ta h e d ro n  f o r  one o f  th e  o r i g i n a l  h a lo g e n s .  I f  a n  atom  X

i n  HKg i s  r e p la c e d  by a s i m i l a r  one Y th e n  th e  sym m etry o f

th e  o c ta h e d ro n  i s  red u c ed  to  C^v* The r e l a x a t i o n  o f

s e l e c t i o n  r u l e s  f o r  t h i s  symmetry group  w ould h e lp  i n

m aking a ss ig n m e n ts  f o r  IvIXgY when com pared w ith  MXg,

No w e ll e s t a b l i s h e d  a n io n ic  com plexes o f  th e  ty p e

[1,1X5Y]" a re  knovm where b o th  X and  Y a re  h a lo g e n s .  The
108

f i r s t  n e u t r a l  complex o f  t h i s  ty p e  made was SP5C I .
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1C3
Woodward e t . s i .  a s s ig n e d  th e  com plete v i b r a t i o n a l  

sp e c tru m  o f  t h i s  m o le c u le . A ll  m ention  o f  SFgCl e ls e w h e re  

i n  t h i s  C h a p te r  (e x c e p t w here o th e rw ise  s t a t e d )  r e f e r s  t o  

h i s  w ork. The fu n d a m e n ta ls  a s s ig n e d  f o r  t h i s  compound a re  

g iv e n  i n  t a b l e  [6 * 1 ] . The modes a s s o c ia t e d  w ith  each  

( i  = 1 ,2 ,  . . . 1 1 )  w i l l  be  g iv e n  in  th e  n e x t  s e c t i o n .  The 

seco n d  exam ple o f  a n e u t r a l  MXgY m olecu le  was p r e p a r e d  b y
1 C *

Cohen e ^ . a l .  and  was WFgCl. T h is  system  i s  s u f f i c i e n t l y  

d i f f e r e n t  from  SF5CI to  w a r ra n t  a  s e p a ra te  s tu d y . 

C o n s id e ra b le  d i f f e r e n c e s  a re  t o  be e x p e c te d  i n  th e  s p e c t r a  

o f  th e  two m o le cu le s  b ecau se  su lp h u r  and  tu n g s te n  have  a )  

e n t i r e l y  d i f f e r e n t  a to m ic  w e ig h ts  ( J 2 an^  X54) and  b )  come 

from  c o m p le te ly  d i f f e r e n t  p a r t s  o f  th e  p e r i o d i c  t a b l e .  

Sam ples o f  WF5CI w ere k in d ly  s u p p lie d  by D r, G, F r a s e r ,
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6*2 Expected molecular vibrations.

F o r an  o c ta h e d r a l  m o lecu le  MXq t h e  i r r e d u c i b l e  

r e p r e s e n t a t i o n  i e  $-

P = r  A i g  +  E g  +  +  F g g  +  F a u

I t  i s  more c o n v e n ie n t  t o  s e p a r a te  th e  s t r e t c h i n g  

v i b r a t i o n s  from  th e  d e fo rm a tio n  modes th u s

P  = (^1 ) + Fg (^2 ) + F lu  (H  ) /  + ^ iu ( ^ * )  + ^ s g ( H )  +

Fau ( ^ e ) .

U s in g  th e  c o r r e l a t i o n  t a b l e s  to  tra n s fo rm  from  t o  0* ^  

( v i a  one f i n d s  A ig  -+ A i, Eg *+ Ai + B i , F i^  Ai + E ,

Fag “♦ Bg -f E an d  P^u Bi + S , Thus f o r  V/F5CI th e  

I r r e d u c i b l e  r e p r e s e n t a t i o n  i s

P = 3Ai (î i ,^2 »^*) + ( 3̂ ) ^ F(^g ) /  + Ai (̂ 3 ) + Bi (1̂ 3 )

+ % ^ 91 ) + 3F(^© ,^ 1 0  j V i i  ) •

The s e l e c t i o n  r u l e s  f o r  C^y sym m etry r e q u i r e  a l l  modes 

e x c e p t  A3 t o  be  Raman a c t i v e  and  a l l  e x c e p t  th e  B modes 

t o  be  i n f r a r e d  a c t i v e .  The i n f r a r e d  sp e c tru m  o f  WF3CI 

s h o u ld  t h e r e f o r e  c o n ta in  8 fu n d a m e n ta ls , 4  o f  w h ich  a r e  

s t r e t c h e s .  A l l  11 fu n d a m e n ta ls  sh o u ld  b e  Raman a c t i v e  

in c lu d in g  th e  5 s t r e t c h i n g  v i b r a t i o n s .  The i n d iv i d u a l  

c o n t r i b u t i o n s  t o  th e  i r r e d u c i b l e  r e p r e s e n t a t i o n  o f  t h e
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v a r io u s  s t r e t c h e s  and  d e fo rm a tio n s  a re  % -

^^y(w -p) = Ai (% i) 

r ^ W - C l )  = Ai (V o)

^  ^ (W P .)  = Ai (>2 ) + Bi (> ,  ) + E p/g )

"  S(W -P) = E (Vg )

' S ( V / - C 1 ) = E  ( V i i )  

r  S(W P.) = Ba (y? ) + E (V io )

r  Tr(V,'P.) = Ai ( y * )  + Bi ( y « )

T h ere  a r e  no re d u n d a n c ie s  i n  th e s e  r e p r e s e n ta t i o n s  s in c e  

a l l  e le v e n  v i b r a t i o n s  a re  acco u n ted  f o r .  The a p p ro x im a te  

fo rm s o f  th e s e  modes a re  shown in  F ig u re  [6 * 1 ] . I n  t h i s  

F ig u re  + i n d i c a t e s  movement o f  an  atom  above th e  

h o r i z o n t a l  p la n e  o f  th e  o c ta h e d ro n  w h ile  -  i n d i c a t e s  

th e  o p p o s i te .
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6*3 Experimental.

The i n f r a r e d  s p e c t r a  w ere m easured  on e i t h e r  a 

PE-223  o r  PS-320  in te r f e r o m e te r ,  Above 400 cm~^ KBr 

windows and  p l a t e s  were u se d  f o r  th e  g as c e l l .  The c o ld  

c e l l  f o r  t h i s  re g io n  u se d  th e  same windows b u t  th e  c o ld  

f i n g e r  p l a t e  v/as made o f  AgCl, Below 400 b o th  g a s

c e l l  and  c o ld  c e l l  u se d  p o ly th e n e  windows a n d  p l a t e s .

The Raman spectrum  o f  th e  l i q u i d  was m easu red  w ith
o

an  LR-1 w hich u se s  H o/he l a s e r  e x c i t a t i o n  a t  6328A u s in g  

th e  c o ld  c e l l  d e s ig n e d  by D r, D, '1, Adams, an d  d e s c r ib e d  

i n  C h a p te r  2 , The te m p e ra tu re  o f  th e  l i q u i d  was m a in ta in e d  

a t  - 23*0 e x c e p t when room tc rq p o ra tu re  m easurem ents w ere 

r e q u i r e d .

The bands o b se rv ed  a re  l i s t e d  in  t a b l e  [6 *2 ] w ith  

t h e i r  i n t e n s i t i e s  and p o l a r i s a t i o n  s t a t e  i f  o f  medium 

i n t e n s i t y  o r  s t r o n g e r .  Band c o n to u rs  a r e  a l s o  shown.

The a ss ig n m e n t o f  fu n d a m e n ta ls  d is c u s s e d  in  th e  n e x t  s e c t i o n  

a r e  l i s t e d  i n  ta b le  [6 * 3 ] ;  i n  c a s e s  o f  i n f r a r e d  and  Raman 

c o in c id e n c e s  th e  gas i n f r a r e d  f ig u r e  i s  q u o te d . F o r  

co n v en ien c e  th e  RePgCl a ss ig n m e n t i s  g iv e n  i n  th e  same 

t a b l e ,
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6*4 Infrared Spectrum of Gas.

T his spectrum i s  shown In  F igure [6*2a], I n  th e  

ra e ta l- f lu o r in e  s t r e tc h in g  reg ion  th re e  hands were 

observed ; a medium s tro n g  one a t  743 d e f in i t e ly

PQR w ith  s p l i t t i n g  12 ,5  cm“  ̂ , a very  s tro n g  one a t  703 cm~  ̂

ag a in  PQR w ith  s p l i t t i n g  13 cm~̂  and a medium s tro n g  band 

a t  667 cm"" .̂ This th i r d  band had an im usual shape lo o k in g  

l ik e  a normal PCR system w ith two Q, b ran ch es . These th re e  

bands correspond t o V ^ ,  V  ^  ^ undl^a b u t n o t n e c e s s a r i ly  in  

t h i s  o rd e r . V ±  i s  the a x ia l  tu n g sten  f lu o r in e  s t r e t c h ,  A ±  

mode, a p a r a l l e l  v ib ra t io n  which should th e re fo re  show 

PQR s t r u c tu r e ,  ^ 2  i s  the symmetric tu n g s ten  f lu o r in e  s t r e t c h  

in v o lv in g  the  e q u a to r ia l  f lu o r in e  atoms, s t r i c t l y  t h i s  i s  

an  Ai p e ip e n d ic u la r  v ib ra t io n  and should n o t e x h ib i t  PQR 

s t r u c tu r e .  ^ g i s  the  degenerate  e q u a to r ia l  f lu o r in e  tu n g s te n  

s t r e t c h ,  R mode and p e rp e n d ic u la r . In  SFgCl Woodv/ard found 

^8  ^  ^  h u t in  WPflCl i t  i s  f a r  more l i k e ly  to  f in d

y  ^ p .  y  ^8 ♦ The b read th  o f th e  667 cm*  ̂ band compared 

to  tine o th e r  two suggest in  f a c t  th a t  th i s  i s  th e  S v ib r a t io n .  

T h is  mode i s  one o f  two s tr e tc h e s  th a t  in v o lv e  tu n g s te n  atom 

movement and th is  should low er i t s  frequency  c o n s id e ra b ly  

compared t o ^ i  and l)g , The analogous v ib r a t io n  in  

o c ta h e d ra l complexes i s  the  t r i p l y  d eg en era te  s t r e t c h .

T his would th e re fo re  a ls o  be expected to  show c o n s id e ra b le
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c e n t r a l  m ass d ependence . F o r SPg ^   ̂ i s  a t  775 w h ile  

Vq a p p e a rs  a t  940 cm~^ ; i n  RFq ^   ̂ a b s o rb s  a t  769 cm"^ 

b u t  V3 i s  c o n s id e ra b ly  lo w er a t  712 cmT^. S in c e  th e  

sym m etric  s t r e t c h e s  (V^) i n  SPg and  V/Pg a re  v e ry  s i m i l a r  

i t  i s  re a s o n a b le  t o  e x p e c t  i n  V/P3CI to  be c lo s e  t o

5't h a t  i n  SP5C I, Vo i n  SP-Cl o c c u rs  a t  703 cm~^ an d

t h e r e f o r e  th e  703 cm~^ h a n d  i n  WP5CI can  a l s o  be a s s ig n e d  

to  y 2  • I n  f a c t  th e  d e s c r ip t io n  o f  t h i s  mode (sy m m etric  

e q u a t o r i a l  f l u o r in e - tu n g s te n  s t r e t c h )  c a n n o t be  a n  e x a c t  

o n e ; su ch  a v i b r a t i o n  w ould n o t n o rm a lly  be  e x p e c te d  t o  

be  i n f r a r e d  a c t iv e  b u t  i t  i s  v e ry  d i f f i c u l t  t o  c o n s t r u c t  

a  v i b r a t i o n  o f  lîXgL t h a t  i s  ( a )  a  s t r e t c h i n g  v i b r a t i o n ,  and

(b )  an  Ai mode, and  th e r e f o r e  b o th  Raman and  i n f r a r e d  a c t i v e .  

B oth th e  a x i a l  s t r e t c h e s  [V(M-X) end  V (M -b)] s a t i s f y  th e s e  

c o n d i t io n s  b u t  th r e e  v ib r a t io n s  a re  r e q u i r e d .  I t  i s  

p o s s i b l e  t h a t  C o r i o l i s  i n t e r a c t i o n  i s  i n t e r f e r i n g  v ;ith  th e  

no rm al v i b r a t i o n s  i n  WP3C I , T h is  h y p o th e s is  i s  s u p p o r te d  

by th e  f a c t  t h a t  th e  band a s s ig n e d  to V g  shows PQR s t r u c t u r e  

( a l th o u g h  i t  i s  a  p e r p e n d ic u la r  v i b r a t i o n )  an d  th e  b a n d  

a s s ig n e d  t o  Vg a l s o  h a s  a p e c u l i a r  band  sh a p e , V i  sh o u ld  

show a s l i g h t  c e n t r a l  atom  mass dependence  an d  w ould 

t h e r e f o r e  be e x p e c te d  a t  lo w e r f re q u e n c y  th a n  834 cm  ̂ , 

w here i t  o c c u rs  i n  SP3C I, The PQR band  a t  743 cmT^ i s  

t h e r e f o r e  a s s ig n e d  t o  ,
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The medium s t ro n g  band  a t  400 cm*"̂  i s  a s s ig n e d  t o  

y 4, th e  tu n g s te n  c h lo r in e  s t r e t c h in g  v i b r a t i o n .  T h is  i s  

an  Ai p a r a l l e l  v i b r a t i o n  and  sh o u ld  e x h ib i t  PQR s t r u c t u r e ,  

b u t  th e  o n ly  o b se rv ed  s t r u c tu r e  was a t t r i b u t a b l e  t o  01°*^,

I n  SF5CI 3^4 was a s s ig n e d  to  a band  a t  404  cm~^ T h is  

was n o t  o b se rv e d  i n  th e  i n f r a r e d  b ecau se  m easu rem en ts o n ly  

w en t t o  500 cm~^, I t  i s  n o t  known th e r e f o r e  w h e th e r  t h i s  

b an d  show s PC,R s t r u c t u r e  o r  n o t .  I n  RePgCl th e  s i t u a t i o n  

i s  r e v e r s e d ;  th e  rh e n iu m -c h lo r in e  s t r e t c h  d o es show PQR 

s t r u c t u r e  w h ile  th e  rhenium  f lu o r in e  s t r e t c h e s  do n o t  

a p p e a r  t o  show any s t r u c tu r e  a t  a l l ,  Tho v e ry  h ig h  p o s i t i o n  

o f  th e  tu n g s te n  c h lo r in e  s t r e t c h  w i l l  be c o n s id e r e d  l a t e r  

when th e  in fo rm a tio n  g iv e n  by th e  PQR s p l i t t i n g s  i s  a l s o  

d i s c u s s e d .  S u p p o r tin g  e v id e n ce  t h a t  th e  400 cm  ̂ b an d  i s  

due t o  th e  tu n g s te n  c h lo r in e  bond i s  i n d i c a t e d  by  th e  

p l a c in g  o f  th e  rh e n iu m -c h lo r in e  s t r e t c h  a t  390 cm ^ ,

The d e g e n e ra te  s u lp h u r  c h lo r in e  d e fo rm a tio n  11 (E ) i n  

SP3CI was a s s ig n e d  to  th e  lo w e s t band  in  th e  Raman sp e c tru m  

a t  270 cm~^ . The m ost re a so n a b le  band  t o  a s s i g n  t o  t h i s  

v i b r a t i o n  i n  Y/P5CI i s  a t  228 cm”  ̂ (medium s t r o n g ) .  T h is  i s  

s t i l l  50 cm h ig h e r  th a n  th e  d e fo rm a tio n  mode i n  

(E t^ n )  [V/Clg], The s t r e t c h in g  mode i s  80 cm  ̂ h i g h e r  th a n  

i n  th e  above c h lo ro  t u n g s t a t e .  The b e s t  e v id e n c e  f o r  th e
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a ss ig n m e n t o f  t h i s  band w i l l  be g iv en  in  th e  d i s c u s s io n  

o f  th e  spectrum  o f  th e  s o l id .

T hree  b a n d s , 302 cm”  ̂ (medium^ 278 cm*"̂  (weak-m edium ) 

and 254 cm“  ̂ (v e ry  s t r o n g )  a re  l e f t  to  a s s i g n .  A l l  o c c u r  

i n  th e  m eta l f l u o r in e  d e fo rm a tio n  r e g io n .  The i n f r a r e d  

a c t iv e  bands e x p e c te d  a re  (a )  V - ( e ) th e  d e g e n e ra te  tu n g s te n  

f l u o r i n e  ( a x i a l )  d e fo rm a tio n , (b )  (e ) th e  d e g e n e ra te

i n  p la n e  tu n g s te n  f l u o r in e  ( e q u a to r ia l )  d e fo rm a tio n  a n d

(c )  (A i) th e  sym m etric o u t o f  p la n e  tu n g s te n  f l u o r i n e  

(equ: t o r i a l  d e fo rm a tio n s . T h is  l a s t  node i s  th e  o n ly  

p a r a l l e l  v i b r a t i o n  and  th e r e f o r e  th e  o n ly  one e x p e c te d  t o  

chow PQR s t r u c t u r e .  The on ly  band t h a t  e x h i b i t s  any shape  

i s  th e  one a t  254 cra~^ w hich shows " res id u a l* *  PQR s t r u c t u r e  

b u t  no d e f i n i t e  s p l i t t i n g .  T h is  i s  a s s ig n e d  to^^Q , T h is  

b an d  sh o u ld  be q u i te  low because  i t  i s  an  *’ o u t  o f  p la n e "  

mode and  a l l  f o u r  f l u o r i n e s  app roach  th e  c h lo r in e  atom  

s im u lta n e o u s ly .  Woodward p la c e d ) / 3 i n  SP5CI a t  600 cmT^ : 

t h i s  i s  q u i te  re a s o n a b le  c o n s id e r in g  t h a t  i n  SPg o c c u rs  

a t  615 cm~^, V 4. i n  V/Pg o c cu rs  a t  256 cmT^, No h e lp  i s  

g iv e n  i n  d e c id in g  w hich o f  th e  rem a in in g  two b an d s i s  

a s s ig n e d  t o  Vg and  w hich t o ^ i c *  In, SPgCl Woodward ( f o r  

no o b v io u s  re a so n )  a s s ig n e d  to  0 band  a t  579 cm~^ a n d  

y±Q t o  one a t  442 cm~  ̂ , C o n s id e ra t io n  o f  th e  modes in v o lv e d
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hov/evep s u g g e s t  t h a t  i t  i s  more l i k e l y  to  f i n d ^ i c  

g r e a t e r  than )) @ and  t e n t a t i v e l y  th e  band  a t  302 cm*”̂  i s  

a s s ig n e d  t o  and  t h a t  a t  278 cm“  ̂ to  ^9  .

No b an d s were o b se rv e d  below  200 cm  ̂ , a l l  i n f r a r e d  

a c t iv e  fu n d a m e n ta ls  have  b een  a s s ig n e d  i n  th e  g a s  p h a se  

sp e c tru m  b u t  a  num ber o f  bands v/ere o b se rv e d  above 

750 cmT  ̂ , A weak medium band  a t  784 cmT  ̂ i s  a s s ig n e d  

t o  2 ^ 4. ( A i ) .  The f o u r  v e ry  weal: bands o b se rv e d  above 

1100 cm”  ̂ a r e  g iv e n  th e  fo llo w in g  t e n t a t i v e  a s s ig n m e n ts  %

a )  1180 >i. + y  4, (A i)

b )  1238 2Vg (Ai + Bi + B .)

c )  1330 2V3 (Ai + Bi -f B. )

d ) 1395 2>s (A i) o r  % + (F ) o r  ( e )
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6*5 I n f r a r e d  Spectum  o f  S o l i d .

The spectrum  i s  shown i n  F ig u re  [ 6 '2 b ] ,  The s i t e  

symmetry o f  \Wq i n  th e  s o l i d  phase  h a s  r e c e n t l y  b e e n  

shown t o  be Thus th e  spectrum  o f  WF  ̂ i n  t h e  s o l i d

can  be e x p e c te d  to  be  more c o m p lic a te d  th a n  th e  g a s  

p h a se  (o r  l i q u i d )  sp e c tru m . D e g en e ra te  v i b r a t i o n s  c an  

be e x p e c te d  to  s p l i t  and  Raman a c t iv e  f r e q u e n c ie s  s h o u ld  

a p p e a r  i n  th e  i n f r a r e d .  I t  i s  q u i te  l i k e l y  t h a t  th e  s i t e  

symmetry o f  WFgCl w i l l  a l s o  be i n  th e  s o l i d ,  o r  ev en  

lo w e r, and  t h a t  th e  same s o r t  o f  e x p l i c a t i o n  i n  th e  

i n f r a r e d  m ig h t r e a s o n a b ly  o c c u r .

The sp ec tru m  o f  th e  s o l i d  was ta k e n  a t  77®K. A t h i n  

f i lm  o f  s o l i d  was o b ta in e d  by co n d en sin g  th e  v a p o u r  o n to  

a c o ld  f i n g e r .  As e x p e c te d  a l l  band  shape  n o rm a lly  

a t t r i b u t e d  to  PCjî e f f e c t s  d is a p p e a re d  in  th e  sp e c tru m  o f  

th e  s o l i d .  The tu n g s te n - f lu o r in e  s t r e t c h i n g  r e g io n  was 

more com plex th a n  i n  th e  g as p h a se  sp e c tru m . The two 

bands o b se rv e d  i n  th e  g as p h ase  spectrum  above o c c u r r e d  

a t  734 a n d  704 cm~^ i n  th e  s o l i d  b u t  w ith  a p p a r e n t ly  

r e v e r s e d  i n t e n s i t i e s .  The 734 cm"^ band was i n  f a c t  th e  

m ost in te n s e  a b s o rp t io n  i n  th e  e n t i r e  sp e c tru m  v /h ile  t h e  

704 cm"^ band was o n ly  o f  medium i n t e n s i t y .  T h is  b a n d  a t  

704 cmT  ̂ a c t u a l l y  was p a r t  o f  a  com plex o f  a b s o r p t io n s  

be tw een  705 cm"*̂  and  635 cm*"̂  , none o f  th e  f e a t u r e s  o f
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w hich were c o m p le te ly  r e s o lv e d .  The hand  a s s ig n e d  t o  

%  a t  667 cm  ̂ i n  th e  g as  spectrum  s p l i t  i n t o  a  d o u b le t  

c e n t r e d  a ro u n d  668 cmT  ̂ i n  th e  s o l id .  The two p e a k s  

o c c u r r e d  a t  665 and 678 cm  ̂ and were o f  s t r o n g  i n t e n s i t y  

and  th e  s p l i t t i n g  s u p p o r ts  th e  a ss ig n m en t b e c a u s e i s  

an  E-mode and  would be  e x p e c te d  to  be r e s o lv e d  i n t o  two 

com ponents i n  th e  s o l i d  sp ec tru m , A new s t r o n g  b an d  

a p p e a re d  a t  640 cmT  ̂ an d  th e  m ost l i k e l y  a s s ig n m e n t o f  

t h i s  band  i s  ( B i ) .  T h is  i s  one o f  th e  t h r e e  Raman 

a c t iv e  bands t h a t  a r e  n o t  i n f r a r e d  a c t iv e .  T h is  p a r t i c u l a r  

mode i s  o u t  o f  p h ase  s t r e t c h in g  v ib r a t io n  o f  th e  e q u a t o r i a l  

f l u o r i n e  a to m s,

th e  tu n g s te n  c h lo r in e  s t r e t c h  a p p e a re d  a t  390 cm~^ 

i n  th e  sp ec tru m  o f  th e  s o l i d ;  th e r e  was e t l l l  a  s h o u ld e r  

on i t  i n  acco rd an ce  w ith  G?C1 s p l i t t i n g .  The b a n d s  a s s ig n e d  

to  ^ 1 0  and "^9 i n  th e  g as phase  spectum  a p p e a re d  a t  293 a n d  

278 cra’"  ̂ r e s p e c t i v e l y .  The h ig h e r  band was o f  medium 

i n t e n s i t y  b u t  th e  278 cmT  ̂ band  was o n ly  w eak. B o th  a r e  

^ g e n e r a t e  v i b r a t i o n s  and sh o u ld  show s ig n s  o f  s p l i t t i n g  i n  

th e  s o l i d .  The 293 cm**̂  band was q u ite  d e f i n i t e l y  s p l i t  

i n t o  a d o u b le t  and  th e  278 cm~  ̂ band  m igh t h av e  b e e n  s p l i t  

b u t  i t  was to o  weak t o  be  a b le  t o  show s p l i t t i n g s .

Below  250 cm~  ̂ th e  b ands seemed to  have  c o a le s c e d .

The b a n d  a t  254 cm~^ i n  th e  g as  spectrum  a p p e a re d  o n ly  a s  a
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medium band  a t  243 cm~^ i n  th e  s o l i d .  The m e ta l  c h lo r i n e  

wag O ^ ii)  was a s s ig n e d  to  a  band a t  228 cmT  ̂ i n  th e  

sp ec tru m  o f  th e  g a s . T h is  i s  a d e g e n e ra te  v i b r a t i o n  a n d  

sh o u ld  show some asym m etry i n  th e  s o l id  sp e c tru m . Two 

b an d s (n o t  r e a l l y  d e s c r ib a b le  a s  a  d o u b le t)  w ere o b s e rv e d  

a t  225 cm~^ and 209 cm~^. The low  fre q u e n c y  b an d  was 

s l i g h t l y  more in te n s e  th a n  th e  h ig h e r  o n e . I t  i s  s t i l l  

p ro b a b le  how ever t h a t  th e s e  b o th  o r ig in a te  from  th e  

5-mode an d  t h a t  u n u su a l d i s t o r t i o n  e f f e c t s  a c c o u n t  f o r  

th e  d i f f e r e n c e  i n  i n t e n s i t y  o f  th e  two b a n d s .

No bands were o b se rv e d  e i t h e r  below  200 cm”  ̂ o r  above 

750 cm~  ̂ • T h is  s u p p o r ts  th e  a s s ig n a t io n  o f  b a n d s  i n  th e  

g a s  sp ec tru m  a s  co m b in a tio n s  o r  o v e r to n e s . T h is  i s  q u i t e  

im p o r ta n t  f o r  th e  gas p h ase  band  a t  784 w hich  m ig h t

c o n c e iv a b ly  have b e en  one o f  th e  t u n g s t e n - f lu o r in e  

s t r e t c h i n g  v i b r a t i o n s .
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6* 6 Raman S pectrum  o f  L iq u id .

T his spectrum  i s  shown in  Figure [6 *2c] ,

In  h i s  study  o f SQgCl V/oodward ob ta ined  g e n e ra lly  

very  good agreem ent between the bands common to  bo th  the  

Raman and in f r a re d  s p e c tr a .  This i s  perhaps s l i g h t ly  

s u rp r is in g  because th e  in f r a re d  spectrum was o b ta in e d  

from a gas a t  room tem peratu re  while the  Raman sample was 

a  l iq u id  h e ld  a t  -50®C, I t  would be reaso n ab le  to  expect 

f a i r l y  la rg e  d if fe re n c e s  between the same band observed  

in  bo th  in f r a r e d  and Raman when the two s p e c tra  were 

o b ta in ed  from d i f f e r e n t  p h y s ic a l s ta te s .  The l a r g e s t  

d isc rep an cy  th a t  Woodward had to  contend w ith  was 2 0  cm~  ̂

(834 Raman, 854 cmT̂  in f r a r e d ) .  C oincidences th e  s p e c tra  

o f  ViFfiCl a re  n o t as conclusive as in  SP5 CI b u t n e v e r th e le s s  

th e  only  s a t i s f a c to r y  I n te rp re ta t io n  o f th e  Raman d a ta  i s  

a C*v s t r u c tu r e  f o r  WFgCl,

Above 7 0 0  cm*"̂  two bands (744 cm~̂  v s , 703 cm~^m) were 

observed . Both were s tro n g ly  p o la r is e d  and th u s  confirm  

th e  in f r a r e d  assignm ents to  th e  corresponding  bands as 

V i and y  3 (bo th  ) r e s p e c tiv e ly .  I t  i s  p e rh ap s s u rp r is in g  

th a t  two Ai modes can e x i s t  w ith  such a sm all p e rcen tag e  

d if fe re n c e  o f  f re q u e n c ie s  (5/0 between them w ith o u t 

in te r a c t in g ,  and consequen tly  becoming more w idely  

separated*  I t  i s  a l s o  in te r e s t in g  to  n o te  th a t  th e
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i n t e n s i t i e s  o f  and i^g  in  th e  Raman sp e c tru m  a r e  

r e v e r s e d  i n  i n t e n s i t y  compared w ith  th e  gae  sp e c tru m  

in  th e  i n f r a r e d ,  A medium i n t e n s i t y  b an d  o c c u r r e d  a t  

661 cm  ̂ w ith  a  s h o u ld e r  on th e  low  f re q u e n c y  s id e  a t  

644 cm~^, B oth  th e  medium band and  th e  s h o u ld e r  

a p p e a re d  t o  be d e p o la r i s e d .  The band  a t  661 cm""̂  

o b v io u s ly  c o rre sp o n d s  to  t h a t  a t t r i b u t e d  to V g  i n  th e  

i n f r a r e d  a t  667 cm*^ , No a b s o rp t io n  a t  644 cmT^ was 

o b se rv e d  i n  th o  i n f r a r e d  spectrum  o f  th e  g as  b u t  a n  

in te n s e  a b s o r p t io n  o c c u rre d  a t  640 cm^^ i n  th e  i n f r a r e d  

sp ec tru m  o f  th e  s o l i d  f i lm .  T h is  band was t e n t a t i v e l y  

a s s ig n e d  to V g  (B^ ) th e  o n ly  Raman a c tiV e  s t r e t c h  i n  th e  

sp e c tru m . I t  i s  s u r p r i s i n g  t h a t  i t  i s  d o  weak i n  th e  

Raman b u t  i t  i s  s t i l l  th e  on ly  re a so n a b le  a s s ig n m e n t.

Two bands were o b se rv e d  around  400 . A v e ry

s t r o n g  f e a t u r e  o c c u r re d  a t  407 cm~  ̂ w h ile  a medium 

i n t e n s i t y  band  absonrbbd a t  377 cmT^, The fo rm e r b a n d  was 

c l e a r l y  p o l a r i s e d  w h ile  th e  second one was d e p o la r i s e d .

The band  a t  407 cm~^ i s  c l e a r l y ^  (A i) t  m e ta l - c h lo r in e  

s t r e t c h .  The f i r s t  o v e rto n e  o f  t h i s  band  was a l s o  o b s e rv e d  

a t  820 cm~  ̂ ; t h i s  i s  a l s o  o f  c l a s s  Ag b u t  was to o  weak 

to  y i e l d  p o l a r i s a t i o n  d a ta .  The band  a t  377 i s  a

new f e a tu r e  n o t  p r e s e n t  in  th e  i n f r a r e d  sp e c tru m  o f  e i t h e r  

th e  g a s  o r  s o l i d .  T h is  band i s  one o f  th e  two re m a in in g
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B modes to  be a s s ig n e d  ( th e  f i r s t  one a s s ig n e d  was th e  

644 cm’”  ̂ b a n d ) . The d e s c r ip t io n  o f  th e s e  two modes a r e  

a )  6 (Bi ) th e  i n  p h a se  a n t i  sym m etric o u t  o f  p la n e  

d e fo rm a tio n  o f  th e  e q u a to r i a l  f l u o r in e  a tom s a n d  ( b ) ,

^7 (% ) th e  s c i s s o r s  i n  p la n e  d e fo rm a tio n  o f  th e  same 

f l u o r i n e  a tom s. A c tu a l ly  th e  term s * in  plane* a n d  

* o u t  o f  p lane*  have no r e a l  m eaning in  t h i s  m o le c u le .

I n  SPgCl Woodward fo u n d  2^? . The m ost s i m i l a r  modes

o f  an  o c ta h e d r a l  m o lecu le  a re -^ s  and)^g r e s p e c t i v e l y .

As e x p e c te d  h e re  * in  p lan e*  ^  *out o f  p l a n e * ^ g ( i n  

f a c t  s im p le  th e o ry  r e q u i r e s  = 2 ) .  I n  Vf%Cl

how ever th e  *ou t o f  p lan e*  Bg mode in v o lv e  a movement o f  

two f l u o r in e  atom s to w a rd s  th e  b u lk y  c h lo r in e  atom  

s im u lta n e o u s ly .  Thus i t  i s  q u i te  l i k e l y  t h a t l ^ g '^ ^ 7' o r  

e v e n * ^ g > )^ 7 . Thus no d e f i n i t e  a ss ig n m en t i s  g iv e n  to  

t h i s  band  a t  377 cmT^; i t  i s  e i t h e r  (B^ ) o r  X? (B3 ) ,

The medium s t r o n g  band o b se rv ed  a t  307 cm~  ̂ w hich  

i s  d e p o la r is e d  i s  p resu m ab ly  th e  tu n g s te n  f l u o r i n e  

i n  p la n e  d e fo rm a tio n  o b se rv ed  a t  302 cm""̂  i n  th e  i n f r a r e d .  

Bands o b se rv e d  below  300 cm~^ w ere, w ith  one  n o t ic a b l e  

e x c e p t io n ,  a l l  weal: and  th e  e x a c t  maxima o f  th e s e  b an d s 

a r e  som etim es d o u b t f u l ,  A s h o u ld e r  was p r e s e n t  on th e  

low  fre q u e n c y  s id e  o f  th e  307 cm“  ̂ band a t  290 cmT  ̂ . T h is  

i s  p ro b a b ly  V9 th e  tu n g s te n  f lu o r in e  wag o b s e rv e d  a t
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278 cm~^ i n  th e  I n f r a r e d  s p e c tm n  o f  th e  gas* I t  i s  

p o s s ib l e  t h a t  t h i s  band c o u ld  b e ^ ^  o r J /#  b u t  u n l i k e l y  

c o n s id e r in g  th e  p o s i t i o n  o f  th e  o th e r  band  a s s ig n e d  t o  

o r  ^ 7  a t  377 Olie s t ro n g  f e a t u r e s  o b s e rv e d  a t

254 and  228 cm~^ i n  th 4 g as  i n f r a r e d  sp e c tru m  o c c u r re d  

a t  257 a n d  227 cmT  ̂ i n  th e  Raman, The 257 cm"^ b an d  

a t t r i b u t e d  t o ^ 3  sh o u ld  be p o l a r i s e d  b u t  i t  i s  to o  weak 

to  ta k e  m easurem ents on . The b an d  a t  227 c o in c id e s

w ith  t h a t  i n  th e  i n f r a r e d  a s s ig n e d  to V ^ ^  th e  tu n g s te n  

c h lo r in e  wag,

A d i s tu r b in g  f e a t u r e  o f  tho  kaman sp e c tru m  was th e  

a p p e a ra n c e  o f  two bands below  200 cm*^, a weak one at 
182 cm~^ and  a medium s tro n g  f e a t u r e ,  d e p o la r i s e d ,  a t  

123 cm~^ * The m ost d i f f i c u l t  band  t o  e x p la in  i s  th e  

h ig h e r  one a t  182 cm*"̂  • i t  i s  c o n c e iv a b le  t h a t  i t  i s  th e  

m e ta l - c h lo r in e  wag and  t h a t  th e  228 b an d  i s  one

o f  th e  m e ta l f l u o r in e  d e fo rm a tio n  m odes. T h ere  a r e  

s e v e r a l  re a s o n s  how ever v/hy t h i s  i n t e r p r e a t i o n  i s  u n l ik e l y ,  

P e rh a p s  th e  m ost im p o r ta n t  one i s  th e  a b se n c e  o f  an  

a b s o r p t io n  i n  th e  1175-185 crnT  ̂ r e g io n  i n  th e  in f r a r e d *  

A lso  th e  com plete  s e t  o f  fu n d am en ta ls  in  th e  i n f r a r e d  h a v e  

b een  a s s ig n e d  s a t i s f a c t o r i l y  assum ing th e  227 cm*"̂  i s  i n  

f a c t i o n *  T h is  band  s p l i t s  i n  th e  sp ec tru m  o f  th e  s o l i d  

sam ple and  i t  i s  v e ry  u n l ik e ly  t h a t  any o t h e r  a b s o r p t io n
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p r e d i c t e d  f o r  t h a t  r e g io n  c o u ld  s p l i t .  The p o s s i b l e  

a s s ig n m e n t o f  th e  182 cm“  ̂ band  a s  th e  m is s in g  B mode 

o r 3̂ 7) i s  a l s o  u n l ik e l y .

The fre q u e n c y  q u o ted  a t  123 cmT  ̂ f o r  th e  s t r o n g  ban d  

i n  t h a t  r e g io n  was f o r  a  te m p e ra tu re  o f  -25®C, A t room 

te m p e ra tu re  t h i s  b an d  a b so rb s  n e a r e r  116 cmT^. I t  i s  

q u i t e  in c o n c e iv a b le  t h a t  t h i s  a b s o rp t io n  c a n  b e  d ue  t o  

a  fu n d a m e n ta l i n t e r n a l  v i b r a t i o n  o f  th e  o c ta h e d ro n  WF5C I .

I t  i s  m ost u n l ik e l y  a l s o  t h a t  i t  i s  due t o  a c o m b in a tio n  

band  b e tw een  two o th e r  fu n d am en ta ls  b ecau se  i t  i s  q u i t e  

an  i n te n s e  a b s o r p t io n .  A t e n t a t i v e  a ss ig n m e n t f o r  t h i s  

b a n d  i n  v iew  o f  th e  m arked te m p e ra tu re  dependence  i s  t h a t  

i t  r e p r e s e n t s  a  ' l i q u i d  l a t t i c e  mode'* • a  v i b r a t i o n  o f  

th e  p seu d o  l a t t i c e  t h a t  e x i s t s  i n  many l i q u i d s .  Such b an d s
105

a r e  known i n  th e  i n f r a r e d  s p e c t r a  o f  l i q u i d s  b u t  have  

n o t  b e e n  r e p o r te d  p r e v io u s ly  f o r  Raman s p e c t r a .  F u r t h e r  

work on t h i s  and  r e l a t e d  system s i s  o b v io u s ly  r e q u i r e d  

b e fo r e  t h i s  t e n t a t i v e  a ss ig n m en t can  be c o n firm e d .



165.

6"7 I n f r a r e d  Spectrum  o f  rhen ium  c h lo r id e  p e n ta f lu o r l d e

A sam ple o f  ReFgCl was k in d ly  su p p lied , by  D r, D, F , 

S te w a r t ,  T h is  i s  an  in te n s e  re d  l i q u i d  w h ich  i s  f a r  

more u n s ta b le  th a n  i t s  tu n g s te n  a n a lo g u e . B o th  th e  n e a t  

l i q u i d  an d  s o lu t io n s  o f  i t  i n  CFCI3 were to o  in te n s e  i n  

c o lo u r  to  y i e l d  Raman s p e c t r a .  Som etim es th e  more 

i n t e n s e  bands due to  CFCla were a c tu a l ly  o b s e rv e d  b u t  

none due to  ReFgCl w ere . The i n f r a r e d  sp e c tru m  o f  th e  

g a s  was o b ta in e d  how ever and th u s  w i l l  b r i e f l y  b e  d e s c r ib e d .

I n  th e  m e ta l - f lu o r in o  s t r e t c h i n g  r e g io n  th r e e  b an d s  

w ere o b se rv e d  w ith  th e  same s o r t  o f  i n t e n s i t i e s  a s  th e  

tu n g s te n  a n a lo g u e s  i n  WP5C I, These were a t  732, 689 a n d  

640 and  a re  a t t r i b u t e d  t o ^ ^  ^ r e s p e c t i v e l y ,

Ho PQR s t r u c t u r e  was o b se rv ed  f o r  any o f  th e s e  b a n d s .

The r e a s o n s  f o r  th e  lo w e rin g  o f  f r e q u e n c ie s  by 1 1 , 14 a n d  

27 cm"' r e s p e c t iv e ly  f o r  th e s e  th r e e  bands com pared t o  

V/F5GI i s  p resu m ab ly  due to  th e  p re s e n c e  o f  t h e  e x t r a  

e l e c t r o n  on th e  rhenium  atom , (V/5CI i s  a  s y s te m ) .

The rhen ium  c h lo r in e  s t r e t c h in g  v i b r a t i o n s  q u i t e  

o b v io u s ly  o c c u rre d  a t  388 cm  ̂ ; t h i s  woe a  s t r o n g  band  

w ith  c l a s s i c  PQR s t r u c t u r e  an d  s p l i t t i n g  13 cmT^, The 

f i r s t  o v e rto n e  o f  t h i s  was n o t  o b se rv ed  i n  th e  sp e c tru m
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u n l ik e  V/FgCl w here 2^4 was o b se rv e d .

The b ands t h a t  o c c u rre d  a t  302 and 273 cm~^ i n  

vVPgCl were fo u n d  a t  330 and  278 cm"" i n  R eFgC l, F o r  

th e  same re a s o n s  a s  w ith  WFgCl th e s e  bands a re  a s s ig n e d  

to  3) 10 andJ^g r e s p e c t i v e l y .  The sym m etric o u t  o f  p la n e  

d e fo rm a tio n  o f  th e  ReF* system  o c c u rre d  a t  230 cm"^ w h ile  

th e  rhenium  c h lo r in e  wag was fo und  a t  22? cm"^ ,
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6*8 S t r u c tu r a l  c o n c lu s io n s  from  th e  g as  p h ase  sp e c tru m  

o f  WFkC I ,

^ 3  th e  i n f r a r e d  a c t iv e  m eta l h a lo g e n  s t r e t c h  i n

p o ta s s iu m  h e x a c h lo ro tu n g s ta te ( IV )  o c c u rs  a t  324 cmT^,

i n  th e  ru b id iu m  and caesium  s a l t s  i t  a p p e a rs  a t  308 a n d  
-•1

306 cm r e s p e c t iv e ly .  F o r t e t r a e t h y l  ammonium

h e x a c h lo ro tu n g s ta te (V )  th e  c o rre sp o n d in g  b an d  i s  a t

329 cm“  ̂ , 23 cm"^ h ig h e r  th a n  i n  th e  above caesiu m  s a l t

th e  c a t io n  o f  w hich NEt** i s  m ost co m p arab le . I t  i s  n o t

s u r p r i s i n g  t o  f i n d ^  q i n  [WClg]^" lo w er th a n  I n  [WClg]” .

The e x t r a  n e g a t iv e  ch arg e  in c r e a s e s  th e  s i z e  o f  th e  a n io n

g iv in g  a l a r g e r  m e ta l c h lo r in e  d i s ta n c e  and  h en ce  a  lo w e r

s t r e t c h i n g  f re q u e n c y . T h is  in c r e a s e  in  s i z e  o f  a n  a n io n

by th e  a d d i t io n  o f  n e g a t iv e  ch arg e  i s  w e ll  known and

X -ray  e v id e n c e  can be  g iv e n  in  v e r i f i c a t i o n  o f  i t .  No

s t r u c t u r e  d e te rm in a t io n s  a re  a v a i la b le  f o r  c h l o r o t u n s t a t e s

b u t  an  a lm o s t com parab le  a c t i n i d e  system  h a s  h a d  a  c r y s t a l
108

s t r u c t u r e  d e te r m in a t io n .  I n  u ran ium  h e x a c h lo r id e  th e  

u ra n iu m -c h lo r in e  bond  l e n g th  i s  2 ,4 2  A w h ile  i n  caesiu m
107

h e x a c h lo r o p lu t in a te ( I V )  , [Cŝ CPuCIq ) ]  th e  p lu to n iu m  

c h lo r in e  d i s t a n c e  i s  2 ,6 2  A, I t  i s  l i k e l y  t h a t  th e  

a n a lo g o u s  u ran ium  s a l t  would le a v e  an ev en  l a r g e r  bond  

l e n g th  th a n  th e  p lu to n iu m  compound b ecau se  i o n i c  r a d i i  o f  

u ran iu m  io n s  a re  s l i g h t l y  b ig g e r  th a n  p lu to n iu m  io n s .
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Prelim inary work by R. G, C hurchill in  the

d e p a r tm e n t i n d i c a t e s  t h a t  n e u t r a l  tu n g s te n  h e x a c h lo r id e
M -1 io a

h a s ] /  Q a ro u n d  370 cm , The bond le n g th  i n  s o l i d  V/C1q

i s  2 ,2 6  A, p resu m ab ly  s m a l le r  th a n  in  th e  a n io n ic

c h l o r o t u n g s t a t e s .  th e  tu n g s te n  c h lo r in e  s t r e t c h  i n

WPgCl h a s  b een  unam biguously  a s s ig n e d  t o  a  b an d  a t  400 cm*^ ;

t h i s  a s s i g n a t i o n  was s u p p o r te d  by ( a )  th e  i n t e n s i t y  o f

th e  b a n d  i n  b o th  th e  i n f r a r e d  and  Raman s p e c t r a ,  (b )  th e

p re s e n c e  o f  t h e  Cl^*’* i s o to p e  e f f e c t  and  ( c )  th e  p o l a r i s a t i o n

d a ta  on t h i s  b a n d . I t  was m en tioned  e a r l i e r  t h a t  t h i s

p o s i t i o n  i s  a lm o s t e x a c t ly  th e  same p la c e  w here th e

s u lp h u r - c h lo r in e  s t r e t c h  o c c u rs  i n  8P@C1, T h is  i s  m ost

u n e x p e c te d  a t  f i r s t  s i g h t  b e ca u se  su lp h u r  o n ly  h a s  an

a to m ic  w e ig h t o f  32 com pared to  t h a t  o f  184 i n  tu n g s te n .

T h is  i n d i c a t e s  t h a t  th e  tu n g s te n - c h lo r in e  bond  d i s t a n c e  i n

WPgCl i s  c o n s id e r a b ly  s h o r t e r  th a n  in  WClg,

Q uantita tive inform ation can be gained from the band

c o n to u rs  o f  th e  i n f r a r e d  g as sp ec tru m . F o r  sym m etric

molecules Gerhard and Dennison have shown th a t i f  the

p a r a l l e l  moments o f  i n e r t i a  a re  o f  th e  same o r d e r  o f

magnitude as the pei^endicular one then PQR s tru c tu re  can
109

be e x p e c te d  f o r  p a r a l l e l  v i b r a t i o n s .  T h is  i s  th e

r e v e r s e  o f  th e  c a se  i n  l i n e a r  m o le c u le s ; t h e r e ,  m o le c u le s



1 6 9 .

do n o t  h av e  a  moment o f  i n e r t i a  p a r a l l e l  t o  th e  m ain 

a x i s  end  t h i s  c a u se s  p a r a l l e l  v i b r a t i o n  to  be  o f  th e  

ty p e  PR a n d  p e r p e n d ic u la r  ones PQR* F o r h eav y  m o le c u le s  

th e  i n d iv id u a l  s p l i t t i n g s  i n  t in  P and  R b ra n c h e s  become 

so  sm a ll t h a t  th e  s t r u c tu r e  o f  the  o u te r  b ra n c h e s  

c o l la p s e  a n d  a p p ea r  j u s t  a s  b ro a d  c o n to u r s .  F o r su c h  

m o le c u le s  th e  PR s p l i t t i n g  i s  d e f in e d  a s  th e  f re q u e n c y  

s e p a r a t io n  betw een  th e  two maxima o f  th e s e  c o n to u r s ,  

G e rh a rd  h a s  shov/n t h a t  w ith  th e  know ledge o f  ohe o f  th e  

two d i f f e r e n t  moments o f  i n e r t i a  o f  a sym m etric  m o le cu le  

and  th e  PR s e p a r a t io n  o f  a p a r a l l e l  band i t  i s  p o s s ib l e  

to  c a l c u l a t e  th e  unknown moment o f  i n e r t i a .

Suppose t h a t  th e  moments o f  i n e r t i a  o f  a  sym m etric  

m o le cu le  a r e  A,A an d  C, Assume t h a t  th e  p a r a l l e l  moment 

o f  i n e r t i a  C i s  known. D e fin e  B such t h a t  B = “Vc 

a n d  th e r e f o r e  A = C(B + l ) .  The r e l a t i o n  b e tw een  A V and  

A i s : -

[k t/a A= [1 ]

H ere Q i s  th e  v e lo c i t y  o f  l i g h t ,  K i s  th e  B o ltzm ann  

c o n s t a n t ,  an d  T i s  th e  a b s o lu te  te m p e ra tu re ,

E m p ir ic a l ly ,  8 (B ) can  be fo und  to  0,5/^ a c c u ra c y  by 

th e  r e l a t i o n
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lOEio 8 (B) = .721 /(B + l;) [2 ]

t h i s  r e l a t i o n  h o ld in g  t o  t h i s  a c c u ra c y  f o r  th e  ra n g e  

-0*5  ^  B ^  +100, S u b s t i t u t i n g  {2 ] i n  [ l ]  an d  r e p l a c i n g  

A by C (B + l) g iv e s

10 [ '7 2 l / (B + 4 )  ^  ̂ [KT/C(B+1) [3 ]
ITQ

K, T, C, Q a re  known and  ^  can  be m easured . I t  i s  a  

s im p le  m a t t e r  to  w r i te  a com puter program  to  d e te rm in e  

th e  v a lu e  o f  B t h a t  g iv e s  th e  c o r r e c t  v a lu e  o f  . Prom 

th e  v a lu e  o f  B, A can  be c a l c u l a t e d .

F o r A’PflCl V  ^ th e  a x ia l  m e ta l f l u o r in e  s t r e t c h  o c c u rs  

a t  743 cm"^ w ith  PQR s p l i t t i n g  12*5 cm“ ^ . The sp e c tru m  was 

o b ta in e d  from  th e  PE-225 and th e  te m p e ra tu re  i n  th e  beam a t  

743 cm" v;as 35° C, C, th e  p a r a l l e l  moment o f  i n e r t i a  i n

vVPgCl i s  g iv e n  by C = 4  w here Mp i s  th e  w e ig h t

o f  th e  f l u o r i n e  atom and  R^,_p i s  th e  tu n g s te n  f l u o r i n e  bond  

d i s t a n c e .  The m ost r e c e n t  d e t e r m i n a t i o n ^ o f  th e  t u n g s te n  

f l u o r i n e  bond d i s ta n c e  i n  WPg i s  1*826 A * t h i s  v a lu e  i s  

p ro b a b ly  v e ry  c lo s e  tb  t h a t  i n  V/P5CI an d  t h i s  v a lu e  w i l l  b e  

assum ed i n  th e  c a l c u l a t i o n s  t h a t  fo l lo w . T ak in g  th e  a to m ic  

w e ig h t o f  f l u o r in e  a s  18*99, C i s  g iv e n  by

C = 4  X (19 / 6 .0 2 3  X i c f 3 )  X 1*826® X 10"^* gm. cnf , 

o r  C = 420*7 g . cmP ,
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The v a lu e  o f  B v/hlch g iv e s  th e  r e q u i r e d  POH s p l i t t i n g  

w ith  th e  above v a lu e  o f  C i s  .3 6 . The p e r p e n d ic u l a r  

moment o f  i n e r t i a  A i s  g iv en  im m ed ia te ly  by  A = C (B + l) 

a s  5 7 2 .5  g . cmT . In  term s o f  t h e  geom etry  o f  th e  

m o le cu le  A i s  g iv e n  by A = The

o n ly  unknoY/n q u a n t i ty  i n  t h i s  e q u a t io n  i s  th e  

tu n g s te n - c h lo r in e  bond d i s ta n c e  and t h i s  comes o u t t o  

2 ,1 0  A. I t  i s  v e ry  d i f f i c u l t  t o  q u o te  th e  l i m i t s  o f  

a c c u ra c y  o f  t h i s  f ig u r e  b u t  k o o d m rd  In  h i s  s tu d y  o f  

SPgCl Y;as a b le  to  c a l c u l a t e  a  s u lp h u r  c h lo r in e  bon d
o

d i s t a n c e  t h a t  v/as o n ly  ,03  A d i f f e r e n t  from  t h e  more
111

e x a c t  m icrowave c a l c u l a t i o n s .  I t  i s  im p o r ta n t  t o  n o te  

t h a t  tlie  v a lu e  c a lc u la te d  above f o r  th e  tu n g s te n  c h lo r in e  

bond  d i s ta n c e  i s  0 ,1 5  A l e s s  th a n  in  V/Clg b u t  th e  s u lp h u r  

c h lo r in e  d i s ta n c e  i n  SP5CI i s  q u i te  norm al com pared w ith  

th e  s im p le  c h lo r id e s  o f  su lp h u r .

The spectrum  o f  th e  gas h a s  t h e r e f o r e  g iv e n  two 

a rg u m e n ts  t o  th e  f a c t  t h a t  th e  tu n g s te n  c h lo r in e  bond  

d i s t a n c e  i s  anom alously  s h o r t .  T here  i s  a  t h i r d  p ie c e  o f  

e v id e n c e  t h a t  in d ic a t e s  a s h o r t  b o n d  d i s t a n c e  : V/P5CI i s

a p a le  y e llo w  l i q u i d .  Both SPg a n d  a r e  c o lo u r l e s s  a n d  

so  i s  SFgCl, th e  bond le n g th  o f  w hich  i s  2oio\m t o  b e  n o rm a l. 

\.FgCl i s  a d^ system  end no c o lo u r  i s  to  b e  e x p e c te d  from  

tu n g s te n (V I  ) ; i t  i s  p ro b ab le  t h e r e f o r e  t h a t  th e
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t u n g s te n - c h lo r in e  bond i s  p a r t l y  doub le  bonded an d  

c o n s e q u e n t ly  im p a r tin g  c o lo u r  t o  th e  m o le c u le . The
t

rh en iu m  a n a lo g u e  RePgCl i s  a  d  system  an d  i t s  deep  

r e d  c o lo u r  i s  n o t  s u r p r i s i n g .

I n  V/PgCl p resu m ab ly  th e  v e ry  e l e c t r o n e g a t iv e  

f l u o r i n e  a tom s w ithd raw  e le c t r o n s  i n d u c t iv e ly  from  th e  

tu n g s te n  a to m . T here  w i l l  t h e r e f o r e  be a  g r e a t e r  

e l e c t r o n  d e n s i ty  be tw een  th e  f lu o r in e  atom s a n d  th e  

tu n g s te n  atom  th a n  be tw een  th e  tu n g s te n  and  c h lo r in e  

a tom . As m en tio n ed  above th e  tu n g s te n  atom  i s  d^ and  

can  r e a d i l y  a c c e p t  e l e c t r o n s  i n to  i t s  d o r b i t a l s .

Thus b e s id e s  th e  norm al d" bond betw een c h lo r in e  a n d  

tu n g s te n  th e r e  w i l l  p ro b a b ly  be a ls o  a ir-b o n d , th e  

e l e c t r o n s  o f  w hich a re  s u p p l ie d  by th e  c h lo r in e  a tom .
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T a b le  [ 6 " l ]  

F u n d a m e n ta l  v i b r a t i o n s  o f  SP5C I

F re q u e n c y  (cm ~ ^) A s s ig n m e n t

m ^'1 a i ) a j c i a l  SP s t r e t c h

7 0 k a i ) 8 P* s q u a r e  s t r e t c h

6 0 0 a i ) o u t  o f  p l a n e  
d e f o r m a t i o n

kOh V * a i  ) S - C l  s t r e t c h

6 2 k V . b i ) SP* s q u a r e  s t r e t c h

39 6 b i ) SP* o u t  o f  p l a n e  
d e f o r m a t i o n

504 b j §F* i n  p l a n e
d e f o r m a t i o n

9 1 6 e ) SP* s q u a r e  s t r e t c h

5 7 3 e ) SF wag

k k z V .o e ) SP* i n  p l a n e
d e f o r m a t i o n

211 >^11 e ) S -C l  wag



Table [6*2]

Observed bands in  WF5 CI in  cm”^

( a )  G a s , I n f r a r e d .

1 3 9 5  ( v ,w ) ,  1330 ( v .w ) ,  1 2 5 8  ( v .w ) ,  1 1 8 0  ( v .w ) ,

784  (w .ra ) , 743 (m .s )  PQR, 70 3  ( v . s )  PQR,

667  (m .s )  **PQCR” , 400 ( m . s ) ,  302 (m ), 2 78  (w .m ) ,

2 5 4  ( v . s )  'VCR**, 228 ( m .s ) .

( b )  S o l i d ,  i n f r a r e d .

743 ( v . s ) ,  704 (m), f l i  ( e ) ,  640 (a ) ,  390 ( s ) .
665

2 s |  (m ), 278 (w ) , 243 ( m . s ) ,  225  (m ), 209 ( m .s )

( c )  L i q u i d .  R am an.

820  (w ) , 744 ( v . s )  P ,  703 (m ) P ,  66I  (m) DP,

644  (w ) , 4 0 7  ( s )  P ,  377  (m) DP, 3 0 7  (m) DP,

2 90  (w ) , 257  (w ) ,  227 (w ) , 182  (w ) , 1 2 3  ( m .s )  DP.



Table [6*3]

Fundamental v ib ra tio n s o f  VïPgCl and RePgCl

v/PgCl RePgCl

> 1  743 732

^ 3  703 689

254 250

V * 400  389

D , 644

e 377*

5 ) ,  377*

V  a 667 640

278 278

^10 302 330

^11 228 227

m 377 b an d  e i t h e r  o r ) / ?  .
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CHAPTER 7 . CUPRIC HALIDE-QUINQXALINE COMPLEXES

7*1 I n t r o d u c t io n .

C o p p e r ( I I )  con founds have  a cP c o n f ig u r a t io n  an d  

p ro v id e  one o f  th e  b e s t  o p p o r tu n i t i e s  f o r  o b s e rv in g  th e  

J a h n - T e l l e r  e f f e c t .  F o r  a d® io n  i n  w ould-be o c ta h e d r a l  

s u r ro u n d in g s ,  a p p r e c ia b le  d i s t o r t i o n s  sh o u ld  o c c u r ,  a n d  

f o r  C u ( I l )  th e r e  a r e  e x te n s iv e  d a ta  to  h e a r  t h i s  o u t .

I n  a l l  c a s e s  i n v e s t i g a t e d  so  f a r  i t  h as b e e n  fo u n d  t h a t  

th e  d i s t o r t e d  o c ta h e d ro n  c o n s i s t s  o f  two t r a n s  lo n g  bonds 

and  f o u r  s h o r t  o n e s . G e n e ra lly  an a lo g o u s 2n ( I I )  co m p lex e s , 

where th e  J a h n - T e l le r  e f f e c t  i s  i n o p e r a t iv e ,  show e x p e c te d  

u n d i s t o r t e d  o c ta h e d r a l  o r  c u b ic  s t r u c t u r e .  A lso  i t  i s  n o t  

a lw ays c e r t a i n  w h e th er some s q u a re -p la n a r  c o p p e r ( l l )  

com plexes a re  m a n i f e s ta t io n s  o f  ex trem e t e t r a g o n a l  

d i s t o r t i o n s  o r  n o t .

B ecause o f  th e s e  d i s t o r t i o n s  th e  s t r u c t u r e s  fo rm ed  by  

c o p p e r ( I I )  compounds a r e  q u i te  o f t e n  r a t h e r  n o v e l .  

Q u in o x a lin e  and  i t s  d e r i v a t i v e s  form  a s e r i e s  o f  compounds 

w ith  c o p p e r ( I l )  h a l i d e s  o f  v a ry in g  s t o i c h e io m e t r i e s  and  

D r. A .  E .  U n d e rh il l  k in d ly  p ro v id e d  sam ples o f  th e s e  f o r  

f a r - i n f r a r e d  s tu d y . I t  was e x p e c te d  th a t  f a r - i n f r a r e d  

i n v e s t i g a t i o n  m ight p ro v id e  p o i n t e r s  to  th e  v a r io u s
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s t r u c t u r e s  a d o p te d . B e fo re  th e  i n f r a r e d  e v id e n c e  i s  

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

a r e  d i s c u s s e d .



1 7 5 .

7*2 Structure and spectra of CuX̂  and CuX̂ pŷ  (X = C l.B r),

I t  i s  usual to  d iscuss together the s tru c tu re s  o f

c u p r ic  and  p a l la d o u s  c h lo r i d e s .  In  b o th  compounds th e

m e ta l and  h a lo g e n  atom s form  an  i n f i n i t e  c h a in  i n  w hich

each  m e ta l atom  i s  su rro u n d e d  by f o u r  c o p la n a r  b r id g in g  
112

h a lo g e n  a to m s.

I n  PdCl- th e  P d -C l d is ta n c e  i n  th e  c h a in  i s  2 .31A  

and  th e  a n g le  betw een  two c h lo r in e s  and  p a l la d iu m  i s  37° . 

CUCI2 h a s  a lm o s t i d e n t i c a l  p a ra m e te r s .  H e re , h o w ev er, 

th e  s i m i l a r i t y  be tw een  th e  two s t r u c tu r e s  en d s  b e c a u se  

th e  c h a in s  p ack  i n  e n t i r e l y  d i f f e r e n t  f a s h io n s .  I n  PdCl^ 

th e  c h a in s  a r e  i s o l a t e d ,  and th e  c r y s t a l  s t r u c t u r e  i s  

p ro b a b ly  dom ina ted  m ere ly  by p a c k in g  r e q u ir e m e n ts .  The 

c h a in s  i n  CuClg a r e  p a ck e d  i n  such  a  way a s  t o  fo rm  

se c o n d a ry  Cu-C l bonds be tw een  th e  c h a in s  2 ,9 5  a p a r t .

Thus e ac h  co p p er atom  h a s  a  t e t r a g o n a l ly  d i s t o r t e d  a r r a y  

o f  s i x  c h lo r in e  atom s a ro u n d  i t .  The n e x t  n e a r e s t  c h lo r in e  

a tom s from  p a lla d iu m  i n  PdCl^ a f t e r  th o s e  a t  2 ,3  A a r e  

s i t u a t e d  a t  th e  c o rn e r s  o f  a r e c t a n g le ,  w hich i s
o

p e r p e n d ic u la r  to  th e  p la n e  o f  th e  m ain c h a in ,  an d  3 .2 5  A 

a r r a y .

The in fra red  spectra of these compounds have been
113

m easured  by  Aidams e t , a l ,  be tw een  400 and  I 60 cm ,

F o r PdCla bands a t  348 , 340 , 297 , 187 an d  174 w ere
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o b se rv e d . Only th e  340 and  174 cm”  ̂ f r e q u e n c ie s  v/ere 

a s s ig n e d ,  th e  fo rm e r to  (P d-C l ) and th e  l a t t e r  t o  

^  (PdClg ) ,  CuClg a p p e a re d  to  have on ly  two r e g io n s  o f  

a b s o r p t io n  i n  th e  s p e c t r a l  ra n g e  s tu d ie d .  The h ig h e r  

f re q u e n c y  band  a t  329 cm~  ̂ was a s s ig n e d  to  V (C u-C l) th e  

s t r e t c h i n g  v i b r a t i o n s  betw een  th e  copper a to m s ,a n d  

c h lo r in e  a tom s in  th e  c h a in . No d e f i n i t e  i n t e r p r e t a t i o n  

o f  th e  lo w e r band  a t  277 was g iv e n . Two s u g g e s t io n s

were how ever p u t  fo rw a rd . The l e s s  l i k e l y  one s u g g e s te d  

t h a t  th e  u n u s u a l ly  c lo s e  p ro x im ity  o f  th e  c h a in s  made 

i n f r a r e d  a c t iv e  a mode n o t  n o rm a lly  a c t i v e .  T h is  i s  

u n l ik e l y  s in c e  any r e l a x a t i o n  o f  th e  s e l e c t i o n  r u l e s  

w ould p ro b a b ly  be r e f l e c t e d  by th e  ap p ea ra n c e  o f  more th a n  

j u s t  one band  in  th e  r e g io n  400-160  cm~“ , The seco n d  

s u g g e s t io n  was t h a t  t h i s  band was due to  th e  s t r e t c h  o f  

th e  lo n g  c o p p e r -c h lo r in e  bond . T h is  i s  e q u iv a le n t  to  

i n t e r p r e t i n g  t h i s  band  a s  an  " in te r c h a in  mode'*. T h is  

l a t t e r  d e s c r i p t io n  i s  more i n  k e e p in g  w ith  th e  s t r u c t u r e  

and  was th e  one t h a t  was u se d  i n  th e  t e n t a t i v e  a s s ig n m e n t 

o f  t h i s  b a n d .

The a s s ig n a t io n  o f  a band  to  a 'lo n g  bond* s t r e t c h  

h a s  n o t  b een  c o m p le te ly  a c c e p te d  b u t  n e v e r th e l e s s  s e v e r a l  

w o rk e rs  have s u c c e s s f u l ly  b a se d  i n t e r p r e t a t i o n s  o f  th e  

s p e c t r a  o f  co p p er h a l id e  com plexes on t h i s  a s s u m p tio n .
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1*
F o r exam ple G o ld s te in  e t . a l . exam ined a s e r i e s  o f  

compounds d e r iv e d  from th e  p a r e n t  on CuClg p y g . T h is  

compound a l s o  has an  i n f i n i t e  c h a in  s t r u c t u r e  b u t  e a c h  

c o p p e r  atom h as  two t r a n s  p y r id in e  group a t t a c h e d  su ch  

t h a t  th e  N-Cu-N a x is  i s  norm al to  th e  c h a in .  The c h a in  

i s  d i s t o r t e d  in  such  a  way t h a t  th e  c h lo r in e  b r id g e s  

a r e  u n sy m m e tr ic a lly  p la c e d  betw een  th e  c o p p e r  a to m s.

T h is  i s  i l l u s t r a t e d  i n  F ig u re  [7 * 1 ] . Thds th e  e n v iro n m e n t 

o f  e ac h  co p p er atom  i s  t h a t  o f  s i x  l ig a n d s  a r r a n g e d  a ro u n d  

i t  a t  th e  v e r t i c e s  o f  a d i s t o r t e d  o c ta h e d ro n . The 

p u b l is h e d  f a r - i n f r a r e d  d a ta  f o r  CuXgpy^ (X = C l ,B r )  i s  

shown in  t a b l e  [7 * 1 ]. F o r th e  c h lo r id e  th e  b a n d s  a t  

287 an d  229 cmT  ̂ were a t t r i b u t e d  to  th e  s h o r t  an d  lo n g  

bond  s t r e t c h e s  r e s p e c t i v e l y .  T h is  d a ta  w i l l  be  d is c u s s e d  

i n  a l a t e r  s e c t i o n .
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7*3 E x ta n t  d a ta  on q u in o x a lin e  com plexes o f  c o p p e r ( I l )

l i a
The com plex GuGlg py2 h a s  b een  known s in c e  1883

b u t  o n ly  r e c e n t ly  have  th e  com plexes fo rm ed  b e tw een

c o p p e r ( l l )  and  o th e r  h e te r o c y c l i c  b a s e s  b e en  e x te n d e d .

^n  1961 th e  com plexes be tw een  co p p er h a l i d e s  and  p y r a z in e s
i  16

w ere f i r s t  d e s c r ib e d  . These com plexes were g e n e r a l l y  

p o ly m e r ic  c o n ta in in g  b o th  h a lo g e n  and  p y r a z in e  b r i d g e s .  

They were how ever u s u a l ly  u n s ta b le ,  and i n v e s t i g a t i o n  o f  

them was d i f f i c u l t ,  b e in g  e a s i l y  red u ced  t o  th e  c o p p e r  ( I ) 

s t a t e ,
117

R e c e n tly  U n d e rh i l l  form ed com plexes be tv /een  e i t h e r  

q u in o x a l in e  ( q ) o r  s u b s t i t u t e d  q u in o x a lin e s  a n d  c o p p e r ( l l )  

seem in g ly  a n a lo g o u s  to  th o se  form ed by p y r a z in e .  The 

s to ic h e io m e tr y  and p r o p e r t i e s  o f  th e s e  com plexes w ere 

h e a v i ly  a f f e c t e d  by th e  number and  n a tu re  o f  s u b s t i t u e n t s  

on th e  q u in o x a lin e  l ig a n d .  The s t r u c tu r e  an d  num b ering  

o f  th e  atom s in  th e  q u in o x a lin e  m olecu le  i s  shown i n  

F ig u re  [7 * 2 ] ,

Q u in o x a lin e  and  2 ,3  d im e th y lq u in o x a lin e  (Dmq) fo rm ed

com plexes o f  th e  ty p e  QCuXg w h ile  2 m ethy l q u in o x a l in e  (mq)

an d  2 ,3  d ip h e n y lq u in o x a lin e  (Dpq) form ed s p e c ie s  w ith

s to ic h e io m e tr y  CjgCuX̂  (X = C l ,B r ) ,  R e f le c ta n c e  s p e c t r a  o f
118

th e s e  com plexes su g g e s te d  t h a t  th e y  f e l l  i n  two g ro u p s .

The e v id e n c e  in d ic a te d  t h a t  th e  s p e c t r a  o f  QGuClg and
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(mq)aCuClg were s i m i l a r  t o  each  o th e r  and  a l s o  to  

(pyJaCuCls 9 w h ile  th e  s p e c t r a  o f  DmqCuClg and  (Dpq)2 CuCl3 

w ere a l s o  s i m i l a r  t o  each  o th e r .  T h is  i n d i c a t e d  t h a t  

w h ile  th e  f i r s t  two compounds were p ro b a b ly  p o ly m e ric  

th e  se co n d  two w ere n o t  and  were p o s s ib ly  j u s t  

monomers w ith  lo v /e r c o -o r d in a t io n  num bers a ro u n d  c o p p e r . 

T h is  was co n firm ed  w ith  m o le c u la r  model s t u d i e s  w hich 

showed t h a t  th e  m ethy l and  p h en y l s u b s t i t u t e s  on 

q u in o x a lin e  h ad  p ro fo u n d  o t e r i c  e f f e c t s .  Thus th e  m odel 

o f  Mq showed t h a t  th e  N atom  a d ja c e n t  t o  th e  m eth y l g roup  

c o u ld  n o t  app roach  a s  c lo s e  a s  th e  o b se rv e d  Cu-N d i s t a n c e  

(2 .0  Â) i n  CuClspy^ w ith o u t  some o t e r i c  h u n d ran c e  b e tw een  

th e  h y d ro g en  atom s o f  th e  m ethy l g ro u p , th e  8-H atom  o f  

th e  q u in o x a l in e ,  and  th e  c h lo r in e  atom o f  t h 4  c h a in .

M odels in v o lv in g  q u in o x a lin e  i t s e l f  showed t h a t  t h i s  was 

a b le  to  form  an  a n a lo g o u s  com plex to  CuClg (p y )s  an d  i n  

a d d i t i o n  was a b le  t o  c o -o r d in a te  w ith  b o th  n i t r o g e n  a to m s. 

B o th  Dmq and  Dpy were u n a b le  to  ap p ro ach  c o p p e r  atom s 

jo in e d  t o  s h o r t  C u-C l bonds b u t  were a b le  t o  c o - o r d in a te  

t o  c o p p e r atom s jo in e d  to  two lo n g  Cu-Cl b o n d s .
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7*4 Infrared evidence.

(a )  C opper-H alogen  f r e q u e n c ie s . The f a r - i n f r a r e d  

f r e q u e n c ie s  o f  Q, Mq, Dmq, I ^ q ,  QCuXs, (Mq)3 CuXg,

DmqCaXg and  (Dpq)gCuX3 , (X = C l ,B r )  a re  shown i n  

t a b l e s  [ 7 *2a ]a n d  [ 7 *2b ]  w ith  p o s s ib le  a s s ig n m e n ts .

The s p e c t r a  o f  th e  dmq s e r i e s  i s  a l s o  shown i n  F ig u re  

[7 * 3 ] . The s p e c t r a  o f  CuX  ̂ (py)s (X = C l ,B r )  m easu red  

by G o ld s te in  a re  g iv e n  i n  t a b l e  [7*1] w ith  h i s  a s s ig n m e n ts .

As m en tio n ed  above i t  i s  n o t  knov/n f o r  c e r t a i n  

w h e th e r  th e  lo n g  Cu-X **bonds** g iv e  r i s e  to  a  s t r e t c h i n g  

f r e q u e n c y , even  i n  th o s e  c a s e s  i n  w hich u l t r a v i o l e t  

s p e c t r a  c l e a r l y  i n d ic a t e  th e  p re se n c e  o f  a t e t r a g o n a l  

c r y s t a l  f i e l d ,  ;/h e rea s  p a l la d o u s  c h lo r id e  was s e e n  t o  

e x h i b i t  o n ly  one band due to  Pd-C l s t r e t c h i n g ,  c o p p e r ( I l )  

c h lo r id e  Y/as seen  to  have tw o, v i z . ,  329 , 277 cmT^, The 

s u g g e s t io n  t h a t  th e  lo w e r  o f  th e s e  b an d s was p o s s ib ly  

a s s o c i a t e d  w ith  th e  lo n g  Cu-Cl bond l e d  t o  an  a n a lo g o u s  

i n t e r p r e t a t i o n  o f  th e  sp ec tru m  o f  CuClg (py%  a lth o u g h  h e re  

b o th  f r e q u e n c ie s  w ere v e ry  low , v i z , ,  2 8 7 , 229 cm~^ .

What i s  c e r t a i n  i s  t h a t  s in c e  a l l  h a lo g e n  a tom s i n  th e  

c u p r ic  h a l i d e s  a re  i n  b r id g in g  p o s i t i o n s ,  any C u-C l o r  

C u-B r f re q u e n c y  h ig h e r  th a n  th o se  o f  th e  c u p r ic  h a l i d e s  

a re  a s s o c i a t e d  v /ith  C u-C l o r  Cu-Br te r m in a l  b o n d s . T h is  

c r i t e r i o n  c l e a r l y  i n d i c a t e s  t h a t  th e  com plexes DrnqCuXs and
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(Dpq)gCuXg have te rm in a l  Cu-X b o n d s . Thus th e y  h av e  

b ands a s s ig n a b le  to j^  (Cu-X) ( te r m in a l )  a t  368 and  345 cmT  ̂

r e s p e c t i v e l y  i n  th e  c h lo r id e s  and  a t  278 and 269 cmT  ̂ i n  

th e  b ro m id e s . F u r th e rm o re , th e  n e x t  lo w e s t  X - s e n s i t i b e  

b an d s i n  t h e i r  s p e c t r a  a re  a t  com parab le  p o s i t i o n s  

(1 5 6 ,4 4  X = 0 1 , and 105 ,98  cm~^ X = B r ) ,  th o u g h  much 

lo w e r th a n  th o se  o f  QCuXg and  (Mq)2 CuXo. T h is  c an  be 

ta k e n  a s  good e v id e n ce  t h a t  th e  two p a i r s  o f  com plexes 

have d i f f e r e n t  s t r u c t u r e s .  S in c e  th e  QCuXg an d  (Mq)gCuXg 

o n ly  have  a p p a r e n t ly  b r id g in g  (Cu-X) i t  i s  l i k e l y  t h a t  

th e s e  a r e  b o th  h a lo g e n  b r id g e d  p o ly m e ric  s p e c i e s .  The 

b r id g in g  f r e q u e n c ie s  a re  in  f a c t  v e ry  c lo s e  t o  th o s e  i n  

th e  p a r e n t  co p p er h a l i d e s .  The ab sen ce  o f  b r id g in g  

f r e q u e n c ie s  i n  th e  Dmq and Dpq s e r i e s  im ply  t h a t  th e s e  a r e  

p ro b a b ly  mohomeric o r  a t  l e a s t  c an n o t be p o ly m e r ic  v /ith  

h a lo g e n  b r id g e s .  P o ly m eric  s p e c ie s  in v o lv in g  b r id g in g  

q u in o x a l in e s  c an n o t y e t  be d is c o u n te d .

The v a r i a t i o n  o f  th e  lo w e r X - s e n s i t iv e  f r e q u e n c ie s  

( i . e .  th o s e  l e s s  th a n  220 cm  ̂ ) can  be  e x p la in e d  by 

p o s t u l a t i n g  v a ry in g  am ounts o f  Cu-X lo n g -b o n d  i n t e r a c t i o n .  

I f  s q u a r e - p la n a r  m o le cu le s  CuXgDg a re  so  p a c k e d  i n  th e  

c r y s t a l  t h a t  lo n g  Cu-X bonds can  be fo rm ed  g iv in g  th e  m e ta l 

atom  a d i s t o r t e d  o c ta h e d ra l  e n v iro n m en t o f  f o u r  s h o r t  a n d  

two lo n g  b o n d s , th e n  th e  in - p la n e  and  o u t - o f - p l a n e
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d e r o r n a t io n  inodes, $(C u)^ ) and  ir(GnXQ ) ,  w i l l  b o th  be 

r a i s e d  i n  f re q u e n c y  a s  th e  s t r e n g th  o f  th e  Cu-X lo n g

bond i s  in c r e a s e d .  A t th e  same tim e , (Cu-X ) v a lu e s

s h o u ld  d ro p  a s  th e  h a lo g e n  atom s ta k e  on more b r id g in g  

c h a r a c t e r ;  t h i s  i s  e x a c t ly  th e  o b se rv e d  t r e n d .  Thus 

th e  Q an d  Mq com plexes f o r  w hich lo n g  Cu-X bonds a re

p o s t u l a t e d  have  S (CuX^ ) a ro u n d  190 (X = C l)  and

140 cm“  ̂ (X = B r) w h ile  th e  c o rre s p o n d in g  b a n d s  i n  th e  

Dmq a n d  Dpq s e r i e s  a re  n e a r  150 and  100 cm“’  ̂ r e s p e c t i v e l y .  

A lso  ir(CuCl3 ) i s  o b se rv a b le  i n  b o th  th e  C an d  Mq compounds 

(n e a r  95 cm~^ ) w h ile  o n ly  th e  Dmq com plex h a s  th e  

com parab le  band  o b se rv a b le  and  i s  below  90 cm~^ ,

(b ) ^ (C u -N ) and I n t e r n a l  V ib r a t io n s  o f  th e  L ig a n d s .

E ach  o f  th e  o rg a n ic  l ig g n d s  h a s  in - p la n e  a n d  o u t - o f -  

p la n e  s k e l e t a l  d e fo rm a tio n  modes w hich may be  a t  f r e q u e n c ie s  

dOY/n t o  a b o u t 150 cm”  ̂ a lth o u g h  th e y  may n o t  n e c e s s a r i l y  

be  i n f r a r e d  a c t iv e  i n  th e  f r e e  l ig a n d .  T hus, i t  i s  q u i te  

l i k e l y  t h a t  an  in - p la n e  v i b r a t i o n  w i l l  i n t e r a c t  w ith  

s t r e t c h i n g  o f  th e  c o p p e r n i t r o g e n  b o n d s , g iv in g  r i s e  to  

d e lo c a l i s e d  norm al m odes; i , e ,  i t  may n o t  b e  c o r r e c t  t o  

a s s ig n  any one ban d  to  )/(C u-N ) a lo n e .  T here  a r e  f u r t h e r  

c o m p l ic a t io n s ;  f o r  th e  lig a n d sQ  and  Dmq, w hich  i t  i s  

s u g g e s te d  c o -o rd in a te  th ro u g h  b o th  n i t r o g e n  a to m s, ch an g es
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i n  p o s i t i o n  and  i n t e n s i t y  o f  the  i n t e r n a l  modes seem 

p r o b a b le ,  w h i l s t  f o r  Dpq th e  l o s s  o f  sym m etry c o n se q u e n t 

upon c o o rd in a t io n  th ro u g h  j u s t  one n i t r o g e n  atom  w ould 

c au se  f o u r ,  p r e v io u s ly  i n a c t i v e ,  o u t - o f - p la n e  s k e l e t a l  

modes to  become i n f r a r e d  a c t i v e .  F o r Mq, w hich  i s  l e s s  

sym m etric  anyway th a n  Dpq, n e i t h e r  o f  th e s e  c o m p l ic a t io n s  

s h o u ld  a r i s e .

The g e n e ra l  f e a t u r e s  o f  th e  s p e c t r a  c o n firm  th e  above 

p r e d i c t i o n s .  In  th e  11 q com plexes, th e  l i g a n d  modes c a n  be 

c l e a r l y  i d e n t i f i e d  a t  a p p ro x im a te ly  th e  same f r e q u e n c ie s  

and  r e l a t i v e  i n t e n s i t i e s  i n  (Mq)oC\iXa, T hese  o c c u r  n e a r  

1 35 , 180 , 285 and 300 cmT^. A p a r t  from  th e  b an d s a n d  th e  

X - s e n s i t i v e  ones th e r e  i s  one X - in s e n s i t iv e  b an d  (2 0 8 ,

X = Cl* 200 , X ss B r)  n o t  p r e s e n t  i n  th e  l ig n a d  s p e c tru m , 

an d  t h i s  i s  maybe a s s o c i a t e d  w ith V (C u -N ) , I n  th e  compounds 

DmqCuXe , th e  l ig a n d  sp ec tru m  i s  c o n s id e ra b ly  m o d ified *  i n  

p a r t i c u l a r ,  a band  a t  166 cmT  ̂ i s  s h i f t e d  s l i g h t l y  an d  re d u c e d  

to  low  i n t e n s i t y ,  w h i l s t  a  band  a t  278 cm~^ a p p e a rs  t o  b e  

s h i f t e d  a b o u t 60 cm**̂  t o  th e  lo n g -w a v e le n g th  s i d e .  

A l t e r n a t i v e l y ,  th e  b an d  a ro u n d  220 cm“  ̂ c o u ld  bei^(C u-IT )*  

i t  w ould th e n  be assum ed t h a t  th e  278 cm~^ l i g a n d  b a n d  i s  

o f  v a n is h in g ly  sm a lj i n t e n s i t y  i n  th e  co m p lex es .

F o r th e  q u in o x a lin e  com plexes, s i m i l a r  ch an g es  o c c u r ,  

a l th o u g h  h e re  th e r e  a r e  X - in s e n s i t iv e  b ands w h ich  do n o t
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o r i g i n a t e  i n  th e  l ig a n d  sp ec tru m . T e n ta t iv e ly  th e  h a n d s  

a t  246 (X = C l)  and  244 (X = B r) a r e  a s s ig n e d  to  M C u -N ), 

A lth o u g h  th e  s p e c t r a  of* Dpq and  i t s  compounds a r e  

com plex, th e y  a re  p a r t i c u l a r l y  v a lu a b le  i n  t h a t  th e y  

e n a b le  one to  p la c e ,  q u i te  c l e a r l y ,  an  u p p e r  l i m i t  a b o u t  

220 cmT  ̂ on any mode in v o lv in g  V(Cu-N) w here th e  

s u b s t i t u t e d  q u in o x a lin e  com plexes a r e  c o n s id e r e d ,

( c )  C o n c lu s io n s , The above e v id e n c e , ta k e n  a s  a  v /ho le , 

s u g g e s ts  t h a t  i n  th e s e  com plexes th e r e  i s  a b s o r p t io n  i n  th e  

r e g io n  200-250  cmT  ̂ w hich i s  a s s o c i a t e d ,  a t  l e a s t  i n  p a r t ,  

w ith l>  (Cu-N) m o tio n . T h is  ran g e  e x te n d s  a  l i t t l e  b e lo w  t h a t  

fo u n d  by G o ld s te in  e t . a l . f o r  s u b s t i t u t e d  p y r id in e  co m p lex e s , 

and  may be ta k e n  a s  a d d i t i o n a l  su p p o r t  f o r  th e  above 

a s s ig n m e n ts ,  a s  a s im p le  mass e f f e c t  w ould c au se  a s h i f t  

i n  t h i s  d i r e c t i o n .

Prom th e  X - s e n s i t iv e  f r e q u e n c ie s ,  a  c o n s i s t e n t  

e x p la n a t io n  i s  o f f e r e d  o f  th e  r e s u l t s ,  w hich r e q u i r e s  t h a t  

Q and  Mq com plexes have s i m i l a r  s t r u c t u r e s  i n  w hich t h e r e  

i s  a p p re c ia b le  ”Cu-X lo n g  b o n d ” i n t e r a c t i o n ,  w h i l s t  i n  th e  

Dmq an d  Dpq com plexes th e r e  i s  no such  a s s o c i a t i o n  in v o lv in g  

th e  h a lo g e n  a tom s.
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7*5 G e n e ra l d i s c u s s i o n .

The e v id e n c e  o f  th e  f a r - i n f r a t e d  s p e c t r a  ta k e n  In  

c o n ju n c t io n  w ith  th e  r e f l e c t a n c e  s p e c t r a  and  m o le c u la r  

m odel s tu d i e s  l e a d s  t o  th e  fo l lo w in g  s t r u c t u r a l  c o n c lu s io n s .

( a )  The com plexes QCuXo. The f a r - i n f r a r e d  s p e c t r a  o f  

th e s e  p a i r  o f  compounds a re  v e iy  s i m i l a r  t o  th o s e  r e p o r t e d  

f o r  GuX;; (p y )- . To a c c o u n t f o r  t h i s ,  and  th e  d i f f e r e n t  

s to ic h e lo r a e t ry  o f  th e  Q com plex, i t  i s  e a s i e s t  t o  p o s t u l a t e  

b r id g in g  q u in o x a lin e  m o le c u le s  a s  w e ll  a s  b r id g in g  h a lo g e n s .  

Thus th e  s t r u c tu r o  i s  m ost l i k e l y  to  be a  two d im e n s io n a l  

ne tw o rk  a s  shown i n  F ig u re  [7 * 4 ] .

(b) The complexes (Mq)oCuXt?. The reflec tance  spec tra  again 

suggested th a t these complexes were s im ila r to  the analogous 

pyridine complexes and in  th is  case the same stoicheiom etry 

was found. This is  supported by the fa r - in f ra re d  spec tra , 

which ind icate  bridging ra th e r than term inal halogens*

S in c e  th e  m o le c u la r  m odels i n d ic a t e d  s t e r l c  h in d ra n c e  a t  

th e  1-N atom  when t h i s  i s  c o o rd in a te d  t o  a  c o p p e r  a tom , 

w hich i s  i t s e l f  jo in e d  t o  a b r id g in g  h a lo g e n  a tom , i t  i s  

l i k e l y  t h a t  an e n t i r e l y  a n a lo g o u s  s t r u c t u r e  t o  CuXgpyg i s
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a d o p te d  w ith  c o o rd in a t io n  th ro u g h  th e  4-N a tom .

T h is  i s  i l l u s t r a t e d  in  F ig u re  [7 * 5 ].

( c )  The com plexes DmqCuXn. R e f le c ta n c e  s p e c t r a  

su g g e s te d  t h a t  th e s e  com plexes v/ere e i t h e r  s q u a r e - p la n a r  

o r  v e ry  s t r o n g ly  t e t r a g o n a l ly  d i s t o r t e d  o c ta h e d r a l  

c o o rd in a t io n  a ro u n d  th e  c o p p er atom b u t  d i d  n o t  

th e r e f o r e  d i s t i n g u i s h  betw een  th e s e  two p o s s i b i l i t i e s .

The f a r - i n f r a r e d  s p e c t r a  showed th e  p re s e n c e  o f  t e r m in a l  

h a lo g e n s  o n ly  and a  d i f f e r e n t  s t r u c tu r e  to  CuXgpy^ . To 

a c c o u n t f o r  th e s e  f a c t s  and  th e  s to ic h e io m e try  i t  i s  

r e q u i r e d  to  p o s t u l a t e  b id e n ta te  c o o rd in a t io n  by Dmq with 

th e  r e s u l t i n g  p o ly m e ric  s t r u c tu r e  sho'.m i n  F ig u re  [7 * 5 ] .

(d )  The com plexes (Dpq )n>CuXa • B id e n ta te  c o o r d in a t io n  

by Dpq i s  im p o s s ib le  i n  t h i s  c ase  and th e  r e f l e c t a n c e  

s p e c t r a  i n d ic a te d  a sq u a re  p la n a r  sy s te m . T h is  i s  e n t i r e l y  

s u p p o r te d  by th e  f a r - i n f r a r e d  s p e c t r a  v/hich showed th e  

p re s e n c e  o f  te rm in a l  h a lo g e n s  o n ly . A lso  th e  p r e s e n c e  o f  

o n ly  one i^(Cu-X) f re q u e n c y  s u g g e s ts  a t r a n s  r a t h e r  th a n  

c i s  c o n f ig u r a t io n .  I t  a ls o  r u l e s  o u t a  t e t r a h e d r a l  

c o n f ig u r a t io n .  The s t r u c tu r e  p o s t u l a t e d  f o r  t h i s  i s  

i n d ic a t e d  i n  F ig u re  [7 * 5 ].
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The com plexes d e s c r ib e d  h e re  show t h a t  2 - s u b s t i t u e n t 3  

on a l ig a n d  can  have a  v e ry  s i g n i f i c a n t  e f f e c t  on th e  

s t r u c t u r e  o f  a  com plex . A p p a re n tly  com plexes o f  c o b a l t ( l l )  

an d  n i c k e l ( I I  ) h a l i d e s  v /ith  th e s e  l ig a n d s  fo rm  a much 

more l i m i t e d  ra n g e  o f  s t r u c t u r e s .  The f a c i l i t y  w ith  w hich 

c o p p e r ( I I ) h a l i d e s  form  th e s e  com plexes i s  t h e r e f o r e  

p ro b a b ly  due to  th e  p re fe re n c e  o f  th e  c o p p e r ( I I  ) io n  f o r  

a d i s t o r t e d  o c ta h e d r a l  o r  s q u a r e -p la n a r  e n v iro n m e n t, 

w hich  w i l l  re d u c e  s t e r l c  e f f e c t s  due to  th e  2 - s u b s t i t u e n t .
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E p i l o g u e .

119
Since th is  work was completed, P, J ,  Lock o f 

th is  department has made an extensive study of chloro 

and bromo complexes of copper. He has concluded th a t 

spec tra  of oopper(ll) complexes can be explained without 

the need to  p o stu la te  "long Cu-X bonds”. In  cases where 

two s tre tc h in g  frequencies have been observed in  the 

ÿ (Cu-X) region he has described these as both belonging 

to in te rn a l s tre tch in g  modes of a chain, whether th is  

d esc rip tio n  is  co rrec t or not the o tiu c tu ra l conclusions 

found above w ill not be a ffec ted . Although the mechanism 

of assignation  of the individual bands may be wrong the 

m ajority of assignments w ill s t i l l  stand.



PIGUEE 7,1 
Structure of CuX-py-g»



FIGURE 7 .2

C o n v e n t io n a l  n u m b e r in g  o f  t h e  q u in o x a l in e  r i n g .
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FIGURE 7.3
ired spectra of (dnn)G’Jiao , ( X  = Cl .Brl, and dmq.
I I ■ ' I ' I ^ ■ I ..I < I l i  ‘  ■ I

m

m

8mq

m

100 2 0 0  3 0 0  4 0 0  5 0 0  cm‘ * — - 1 1  1 1 1 . I



FIGURE 7*4

Postulated struc tu re  fo r  QCu%2* (X = C l,B r).



FIGURE 7 , 5

Postulated structures for (mq)2GuX2* (djnq.)CuX2 . 
and (dpq.)2CuX2 , (X = Cl,Br), ,

Me

(ju-X N

X-Cju—X X—cjit—X

(W  M e T O  C O S ( c )
X-cJlf-X

(a) (mq)^ CuX^

( b ) Cèmq ) CuX^

(c ) (ôpq CuX^



Table 7*1

(C u-X ) and (Cu -N ) v i b r a t i o n s  o f  CnXapys (X = C l ,B r )  (cm ) 

(fro m  r e f ,  1 1 4 ) .

CuCl^aPya CiiBrapya

^ (C u -X )

G(Cu—x )  

V (cu -N )

5 (Cu-N)

ir(Cu-X)

287
229

177

266

200

90

256
204

132

263

196

60



Table [7*2 a ] .

P a r - I n f r a r e d  A b s o r p t io n  F r e q u e n c ie s  (cm~^ ) o f  some 

C u ( I I ) Q u in o x a l in e  C o m p lex es  i n  th e  S o l i d  S t a t e

CuXgQ Cu)^ (mQ)j

Q

184 8

205  sh

X = C l

88 w 

98  m 

129  m 

147  m 

180  v s  

1?2  u sh

195  u sh  

220 

246  8

3 2 4  v s

X = Br 

88 w

1 1 5  w 

1 4 1  u sh

1 3 8  m 

1 7 2  a

193 w 

211 w 

2 4 4  sh

25 5  s  

2 7 4  w

mQ

276 V8 

293 Sh

X = C l

9 0 .5  

1 0 7  ah

2 1 7  m

137  m 138  m

1 8 8  v s  1 7 3  m

208  sh  

286  m 

3 0 0  sh

320  8

X = B r

102 8 

1 3 2  m

139  m

1 8 1  m

200 8 
2 9 4  8

3 0 5  sh  

2 5 2  s

t e n t a t i v e  a s s ig n m e n t s u sh  = u n r e s o lv e d

s h o u ld e r



Table [7 '2b ].

CuXq ( djnQ ) OvUa (dpQ)3

dmQ X = C l X = Br dpQ X = C l X = Br

88 m — ir(Cii-X)

110  w 112 sh

139 w 137  w 97 w 115 w 110  w

156 B 106  m 144 sh 98 m S (C u-X )

166 s 178 w 176 w 138 m 139 m

168 ra 165 m

194 sh 183 m

192 s 202 m 201 m

214 8 220 8 1 217 8 220 s W C u-H )

278 S 307 m1
298 U8h 298 w

320 m 315 s 315 S 332 m 315 m 317 m

368 V8 278 V8 3 3 7  s 269 s V (C u-X )

360 8 345  ush 349  m

T

t
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