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ABSTRACT 

R am a n  s pec tra  were  i nv e s t i g a ted for s i ng l e c ry s t a l  s amp l e s  
of  b i smu th  a nd a n t i mo ny c ha l c oge n i de V 2 - V I 3 compo u nd s . W i t h  t h e  
h e l p of  Adams  ta b l e s  Rama n ( 2A 1 g+2 Eg ) a n d  i nf ra red  a c t i ve ( 2Au+Eu ) 
mod e s  we re c a l c u l a ted . T h e  o b ta i ned re s u l ts were compa red w i t h  t h e  
l i ter at ute d a ta wh i c h were  i n  d i s a g reem e n t  fo r i n fra red  modes . 
1 • I NTRO DUCT I ON 

There  h a s  been  i n c rea s ed i n tere s t  i n  the  l a s t  severa l  yea r s  
i n  the  l a t t i ce  dynam i c s o f  b i smu th  an d a n t i mony c ha l cogen i d e c ompo ­
u n d s 1 • 2 • 3 • 4 > .  T h e i r free c a r r i er  concen tra t i o n s  a re v e ry h i g h { � 1 0 2 1

cm- 3 ) s o  t here  a r e  some spec i a l  e x p e r i me n ta l pro b l ems when refl e c t i ­
v i ty mea s u remen ts a re pe rformed . Mu c h  e a r l i e r the  s pec i f i c  hea t a n d
the  therma l c o nduct i v i ty were i nv e s t i g a ted 5 , 6 , 7 ) i n  pa pers  ma i n l y
refe ri n g  t o  B i

2
Te 3 a n d  B i 2 se3 .

2 . E X P  E R  I MENTA L  
S i n g l e c ry s ta l s p e c i m e n s  of  va r i o u s  v

2
- v 1 3 compou nd s  were m a ­

de  u s i n g t h e  s ta n d a rd B r i dgema n techn i que . T h e  s amp l e s  cou l d  be  ea ­
s i l y  c l e a ved , p a ra l l e l to c p l a te ,  a n d  s h i ny m i rror  l i ke s u rface s  
were  o b ta i ned . The  l a t t i ce  pa rame ters  were  determ i ned  u s i ng X - ray 
work . Then they were compa red w i t h  the  l i ter a t u re data s o  t h a t  the 
compo s i t i o n  wa s c o nf i rmed . 

Rama n s pec tra  were ta ken  f rom f re s h l y  c l e aved  s u rfa c e s  u s i ng 
a n  Ar+ l a s e r . B a c k  s c a tte red l i g h t  wa s a n a l ys ed by a d o u b l e mono­
c h roma tor a nd a o hoton  cou n t i n g  sys tem . 

The  Rama n f req ue n c i e s ( cm - 1 ) obta i ned  for t h ree v
2
- v 1 3 corn-

pounds  a re g i ven  i n  ta b l e 1 .
TAB LE  1 .  E x pe r i men t a l  Rama n freq u e n c i e s ( cm - 1 ) for

B i 2 se 3 , B i 2Te3 a nd S b2 Se 3
A 1 g E

g 
A 1 g E g  

B i
2
Se 3 1 9 3 1 36 88 39 

B i
2
Te 3 1 59 1 1  5 7 3 5 0  

S b 2Se3 1 9 () 1 1 8 8 3  4 5 
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We a l so tri ed to mea s u re the i n frared a n d  fa r i nfrared refl e c t i v i ty 
o f  a l l th ree compo u nd s .  I n  t he  far  i nfra red  reg i o n  t he  refl e c t i v i ty 
wa s above 90% s o  we c ou l d n ot  d e te c t  a ny resonance . I n  t he  i nfra red 
range a t  about 900 cm- 1  we o b s e rved  a we l l exposed  p l a sma effect for
B i

2
se3 , but not fo r the o t he r  two compo u n d s .

3 . ANALYS I S  AND D I S CUSS I ON OF  R E S U LTS
The  s tu d i ed v

2
- v I 3 c h a l c ogen i de compou n d s  c rys ta l l i s e i n  a

rhombohedra l  l a tt i c e  wh i ch corresponds  to a h e xago n a l  c e l l w i t h  the  
s pa ce group  D�d ie  R�m . T he a tom i c l ayers  a re per i od i ca l l y  a rrang­
ed a l ong the c a x i s i n  f i ve  l ayers , fo r i n s ta nce for B i

2
Te3 th i s  a r ­

ra ngemen t  can  be rep re s e n ted : 
Te  - B i  - Te  - B i  - Te  

These  a toms have  t h e  fo l l owi ng  pos i t i on u s i n g  the  we l l  k nown Wyc ko ff 
nota t i o n  

Te ( a ) : OOO 
2 Bi ( c ) : ± ( xx x ) wi th xB 1 = o . 3 9 2 

3 Te ( c ) : ± ( xxx ) w i t h  xTeF 0 . 7 88

Accord i ng to the l i tera ture d a ta4 ) there are 1 2 o p t i ca l  mode s  a n d  
among them fo ur  are  Rama n a c t i ve ( 2 A 1 g+2 Eg ) a n d  fou r  a re i nfra red a c ­
t i ve ( 2A 1 u +2 E u ) .

U s i ng Adams 81 Newto n tab l e s for fa ctor  group  a n d  po i n t group
a na l ys i s  we reca l cu l a ted the n umber of  i nfra red a nd  Raman  a c t i v e  mo­
des . The Adams -Newton  ta b l e for  D�d s pa ce group  i s  g i ve n  i n  tab l e  2 .

TAB L E  2 

A 1 9
A

2 g Eg A 1 u  A2 u E
U 

axx+ayy axx -ayy T z Tx ' Ty
a z z  Rz axyayzaz x ( E 1 1  z ) ( E l z ) 

2 V 2 B i  2 c 0 
1 V I ( 1 ) 2se  1 a 0 0 0 0 1 
2 v 1 < 2 ) 2se  2 c 0 0 2 

N ( to t ) 2A 1 9
2 E 9 3A2 u 3 E u

1a co u s t i c A
2 u 2 E u

1opt . 2A 1 9
2A2 u E

U 

Us i n g th i s tab l e  a n d  k n ow i ng t h a t  there are  th ree a cou s t i c  mod es we 
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ca l cu l a ted  tha t there  a re  fou r  Ram� n a c t i ve  modes  ( 2A 1 9
+ 2 E

9
) a n d

o n ly  t h ree  i nfra red a c t i v e  mode s  ( 2A2 u +E u ) .  
R i c h te r  e t  a 1 4 ) a l s o repo rted  fou r  i nfra red e xpe r i me n ta l o p ­

t i ca l  modes  wh i c h a r e  s hown i n  f i g u r e s  1 . a a nd 1 . b for B i 2Te 3 . The  
ref l e c t i v i ty for Elt d o e s  n ot  s how we l l e xpo s ed p ea k s . 

0 

l!c 

7(l) 7� 8.1 
i(111f'J-

( a )  

0 7/KJ l!JJ JI} 411) 
Dfan-1/-

( b )  

F i gu re 1 .  Far i nfrared  re f l e c t i v i ty fo r B i 2re3 ( After  W . R i ch te r4 ) .

Accord i ng to o u r  a n a l ys i s  o n l y  three  mod e s  s ho u l d  ex i s t  for b o t h  p o ­
l ar i sat i o n s  s o  we th i n k tha t t h e  ref l e c t i v i ty pea k fou n d  a t  a b o u t  
1 00 cm- 1 i s  a n  a rtefa c t .  

O u r  Raman  s c a tter i ng e x p e r i ma n ta l  r e s u l ts g i ve n  i n  ta b l e  1
are  not  i n  pe rfect  a g reeme n t  w i t h  R i c h te r ' s 4 ) da ta e i th e r .  F i r s t o f \ 
a l l o ur  data a re  more c omp l e te b e c a u s e  R i c h t e r  d i d n o n  o b s erve  E g 
mode s  at a l l .  S e c o nd l y  o u r  frequ e nc i e s a re g e n e ra l l y  l owe r t h a n  tho­
s e  from l i te r at ure . H e re o n e  s ho u l d  ment i o n t h a t  R i c h t e r  had  to  u s e
a n  a verag i ng dev i c e  t o  g e t  Raman  pea k s  di st i n g u i s h e d  from t h e  l ev e l  
of  n o i s e . W e  d i d  n o t  n e e d  t o  a ver a ge  o u r  e x pe r i me n ta l  r e su l t s  b e ca u ­
s e  t h e  pea k s  were  we l l e x p o s ed . 

I n  conc l u s i o n  o n e  c a n  s ay th a t  v2 - v r 3 compou n d s  w i th v e ry 
h i gh carr i er  c o n c e n t ra t i o n s  a r e  v e ry d i ff i cu l t to s tu dy expe r i me n ­
ta l l y .  T herfore  d i s c re p a n c e s  i n  t h e  re s u l ts a re n o t  u n expected . 
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