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I nfrared room tempera ture  re f l e c t i v i ty s pe c t ra have  been 
mea s u red w i th  po l a r i sed  l i g h t

1
for sin�le c ry}tals of  GeS 2 a n d  

GeSe 2 i n  t h e  r a nge  40 -6 00 cm - for  E l 1 a  a nd E l  l b  d i rec t i o n s . O p ­
t i ca l  pa rame ters w e re  c a l cu l a ted  u s i n g  b o t h  Krame rs - K ro n i g i n ­
t e g ra t i on a nd  a f i t t i ng proced u re . A compa r i son  of  the  p honon  
frequenc i e s of  the  c o rrespond i n g R aman  a n d  i n fra red  modes  i n  the  
s pec tra of GeS 2 a n d  Gese 2 were made a n d  i n tercrys ta l f req ue n cy 
r a t i o were detrm i ned  C

0
= v i ( GeSe 2 ) / v i ( GeS 2 ) = 0 . 68 .

1 . I NTRODUCT ION  
Ges

2 
and  Gese

2 
c ry s ta l l i s e a s  l ayer�d c rys ta l s  i n  wh i c h t he

mo l ecu l a r  u n i t i s  i nf i n i te l y  ex tended  i n  two  d i me n s i o n s . I n  b o t h  
compounds  the  germa n i um a toms a re sendw i c hed b e tween  two l ayers  
of  s u l phur  o r  s e l e n i um a toms so  that  the  u n i t o f  t h ree l ayers  i s
per i od i ca l l y  repea ted i n  the  pa ttern  X - Ge - X - X - G e - X ; X=S  o r  Se .
I n  each  l ayer the Ge  a n d  S o r S e  a toms a re connec ted by s trong
i n tra l aye r cova l e n t  forces , w h i l e  the i n ter l aye r forc e s  a re of
the  wea k  V a n  d er  W aa l s type .

Germa n i um d i c h a l cogen i de s  c rys ta l l i s e i n  a n  o r t horhomb i c  
sys tem , and  b o t h  h a v e  a symmetry d e s c r i bed  b y  t he  D J �  s p a ce  
g roup 1 ) . T he  u n i t c e l l c o n ta i n s  2 4  a toms . B e s i d e s  th i s  t h e re  a re 
a l s o  some other  c rys ta l  mod i f i c a t i o n s : mono c l i n i c 2 ) , tetra gona l 
( GeS

2 )
3 ) and  orthorhomb i c  GeSe

2 
w i th 1 6  a toms p e r  u n i t ce 1 1 4 ) .

T h i s  p a per  repo r t s  a n  exper i me n ta l  i n v es t i ga t i on of the  l a t ­
t i ce v i bra t i on s  o f  crys ta l l i ne Ges

2 
a n d  Gese

2
. T he  p ho non  s p ectra

h a ve  been s tu d i ed i n  f a r- i n frared  refl e c t i v i ty mea s u reme n t s  ( re s t­
s tra h l en ) , a nd  i n  Rama n- sc a t te r i n g  exper i me nts 5 > . E x per i me n t a l  
resu l ts were a na l ysed  u s i ng b o th Kramers -Kro n i g i n tegra t i o n  a n d  
a f i t t i ng proced u re . 

2 .  E X P E R I MENTAL 
S i ng l e cry s t a l  o f  Ges 2 and Gese

2 
were ma de  u s i n g a s ta n d a rd

B r i dgema nn  tech n i q u e .  Deta i l s  o f  the  c ry s ta l  g rowth  h a ve a l ready 
been  pub l i s hed e l s ewhere6 > . 
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Po l a r i s ed i n fra red refl e c t i v i ty· s pec tra of Ges 2 a nd  Gese2
were mea s u red  o n  o r i ented  s i ng l e c ry s ta l s  a t . room temperatu re . 
The  mea s u reme n t s  o n  p l a ne s  perpend i c u l a r  to t he  c-a x i s were made  
w i th  fres h l y  c l eaved  s u rface s . For mea s u rement s  w i th  l i g ht  p a ra l ­
l e l to the  c- a x i s the  s amp l e s  were c u t  a nd p o l i s hed perpend i c u l a r 
to the  c l e avage  p l a n e s . 

The i nfra red re f l e c t i v i ty s p e c�ra were mea s u red  o n  a B e c k ­
mann  F S  7 2 0  Fou r i e r  s pec trome ter  i n  the  freq ue ncy r ange  20 - 400  
cm- 1 and  on a P e r k i n - E l mer  type  5 7 7  spec trophotometer i n  the  ran­
ge  200- 4000  cm- 1 •

Rama n s p ec tra  were taken  a t  room tempera ture w i th  bac k - s c a t­
te r i n g· geome try u s i n g a n  Ar+ l a s e r . 

3 . RESULTS AND D I SCUSS I ON
The near- norm a l - i nc i dence  fa r - i n frared  refl e c t i v i ty s pec ­

tra  of  s i ng l e c ry s ta l s  o f  Ges 2 a nd Gese 2 fo r E l  l a  a n d  E l  1 i  po l a ­
r i s a t i on a re s hown i n  f i g . 1 .  T h e  po i nt s , i n  f i g . 1 ,  a re o s c i l l a ­
tor  a n a l ys i s t heore t i c a l  f i t s ; t h e  s o l i d  l i n e s  a re expe r i me n t a l  
res u l t s .  

e 1 1 0  

e 1 1 '&  

0 

o,�-�------........ ---------------
200 1,(11) 500 600 

F i t . 1 .  E x pe r i me n t a l  f ar- i n fra red ref l e c t i v i ty
da a ( so l i d  l i ne s ) .  T h e  po i nt s  were  o s c i l l a tor­
ana l ys i s  t heore t i ca l  f i t s  w i th p a rameters  g i ­
ven  i n  Ta b l e 1 . 

Refl ect i v i ty s pectra fo r GeS 2 were numer i ca l l y  a na l ys e d  u s i n g  t h e
Kramers - Kron i g  i n te g ra t i o n  method  a n d  re s t s tra h l e n  s pe c tra for  
GeSe2 wi th  a f i t t i n g  p ro cedu re  u s i n g a fou r- p a rameter  mode l . T h e
v a l ue s  of  t h e  o p t i c a l  p a rame ter s  o b t a i ned  w i th t h e  f i t t i ng p roce -
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d u re a n d  Kramers - K ron i g  i n tegra t i o n method  a re g i v e n  i n  T ab l e  1 . 

TAB LE  1 .  O s c i l l a to r  ea ramete rs  fo r GeS2 a na GeSe2 •

GeS 2 GeSe2

00j TO 00j L O c o  00j TO 00j LO £ 0 £

1 00 1 0 2  88  8 9 . 5
1 50 1 5 2 9 9  1 00  
1 7 8 1 8 2 1 0 3 1 0 5 

E l  l a  
366 3 76 9 . 5 7 

2 6 2  2 7 2 1 0  7 382 392 269 2 7 7  
4 1 0 4 1 9 2 8 1  2 9 1  
430  432 2 97 298  
442  456  303 3 0 5  

1 4 2 1 4 5 82 83 
1 5 2 1 54 9 6  9 8  
1 64 1 69 1 04 1 0 7 

l 1 1  ll 1 83 1 88 1 1 . 5 8 1 2 3 1 24 . 5 
2 6 1 2 88 
2 92 . 5 298  
304  306

Germa n i um d i c h a l cogen i d e s  h a v e  r a t her  i nt e re s t i n g  ref l e c t i ­
v i ty s pe c t ra . No i n orga n i c  s em i conductor  s h ows s i m i l a r be ha v i o r .  
T here i s  a l a rge  number  of  o s c i l l a tors  f o r  b o th compound s  wh i c h 
i s  what  one  wo u l d e x pect  fo r a s tructure w i t h  2 4  a toms per  u n i t 
ce l l ,  a n d  l ow symmetry o f  s pa c e  g roup  o1� - I n  i n te r p re t i n g  t h e
ob s e rved  s pec tra i t  i s  e s s en t i a l  to a n a l ys e  g ro u p  t h eoret i ca l l y
the  d i pe r i od i c  l aye r symme t ry .  S i nce , G e X 2 ( X=S , S e ) s pa ce g ro u p
l i tera t u re d a t a  a re i n  d i s a g reeme n t  ( C ��  b y  Wyc k o ff 7 ) a nd o 1 � 
by  C j u n -H u a 1 )

) a n d  t he  a tom po s i t i o n s  i n  the  u n i t c e l l a re n o t  
kn own , i t  i s  not  po s s i b l e  to f i n d  o u t  t he  n umber  o f  e i ther  Rama n 
o r  i nfra red a c t i ve  mod e s .

There  i s  a n  o b v i ou s  a n a l o gy between  t he  g e rma � i um d i c ha l c o ­
gen i d e s pe c tra  g i v e n  i n  f i g . 1 . B eca u s e  the  c rys ta l s tr u c t ure a n d  
the  symmetry of  b ot h  Ges 2 a n d  GeS e2 a re t he  s ame , o ne  s hou l d  no t
expect  a ny d i ffe re n c i e s i n  the  s hape  of  t he i r  ref l e c t i v i ty s pe c ­
tra . I t  wa s o n l y  n o t i ced  th a t  t h e  pos i t i o n of  re s ts tra h l en pea k s  
wa s moved towa rds  t he  sma l l e r f requen c i e s , w h e n  l i g h te r  S a toms 
a re c h a nged  w i th hea v i e r S e  a toms . 
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I t  i s  i nt e re s t i n g  to n o t i ce t h a t for  E l  l e  p o l a r i s a t i o n  w i t h  
b o t h  compo u n d s  there  wa s an  o s c i l l a to r  i n  t h e  range  b e twee n  331 
a n d  340 cm- 1 . The  o r i g i n of  t h i s  o s c i l l a to r  n i g h t  be i n  the  v i b­
ra t i o n  of  t he  Ge-Ge  p a i r  of  a toms , beca u s e  t h i s  o s c i l l a to r  w a s  a l ­
s o  o b s e rved  for p u re Ge 5 > . .  

I n  f i g u re  2 t he  freque nc i e s of  Ram a n  a nd i n fra red a c t i v e ­
zo ne - cente r  p ho non s  i n  Gese

2 
a re p l o t ted  a ga i n s the  corre s pond i n g 

p honon  freq uenc i es i n  GeS�. T he  Raman s pect rum was  made w i t h  n o n ­

- 300 ' 
:;'200 

"> 100 

• Raman .. 
• IC (EI la) 
• (C (EI lb) 

100 200 300 '°° 
J j (GeS2J lcm-1) 

F i g . 2 .  Freq u enc i e s o f  Raman  a n d  
1 nfra red - a c t i v e  z o n e - cen ter  p h o ­
non s  i n  GeSe 2 p l o tted  a g a i n s t  

po l a ri s ed l i g h tS , B ) a n d  I R  
s pec trum w i th l i g h t  po l a r i sed
i n  E l  l a  a n d  E l  1 t  d i re c t i o n s 5 > .
E a c h  po i nt i n  t h e  f i gure  s pe ­
c i f i e s the  pa i r  o f  freq ue n c i e s ,  
v i { GeSe

2 ) a nd  � i ( GeS
2 ) , wh i c h

be l on g  to the  s ame e i gen  v i bra­
t i o n { p re s umed the  same , o r  v e ­
ry s i m i l a r ,  v i a t h e  s pec tra l 
corres pondence ) i n  the  two c l o ­
s e l y re l a ted c ry s ta l s .  T he s o l i d  
l i ne s  pa s s i ng t h r o u g h  t he  d a t a  
fo r l ow a nd h i gh frequen c i e s  a re 
o b ta i ned  u s i n g a l i ne ar  f i t ,  by
the l ea s t  sq u a re s 9 > me t hod . T he

the  correspond i ng p h o no n  freq ue­
nc i es i n  GeS 2 . T he  s o l i d  l i ne s  
a re t h e  res u l t s o f  a l i n ear  l ea s t  
s q u a res  f i t t h rou g h  t h e  d a ta p o ­
i n ts .  ra t i o of  the  p ho no n  frequenc i e s
o f  corre s pond i ng mo des  of  Gese

2 
a n d  Ges 2 i s  C 0= 0 . 6 8± 0 . 0 2 ( v ( Gese 2 ) =

C0v ( GeS 2 ) ) . S i n ce , C0= Cu c: > ,  where  i s  C k= [k0 ( Gese
2 ) / k 0 ( Ges

2
D 1 / 2 

a nd Cµ = [u 0 ( GeSe2 ) / u 0 ( GeS
2 )] - 1 / 2 ( k 0 i s  t h e  Ge - X bond  s t retc h i n g

force  c o n s t a nt  and  u 0 i s  red u ced ma s s ) a nd  C f or  Ge-d i c ha l cogen i ­
des  i s  0 . 7 2 , i t  fo l l ows tha t C� = ( C0 / Cu ) 2= 0 . 9b .  T he re s u l t s i n d i c a tE
t h a t  i n tra l aye r  bonds  i n  GeSe

2 
a re a b o u t  1 0% softer  t h a n  t hose  i n

Ges 2 .
Compl e te a n a l ys i s  of the  l a tt i ce v i b ra t i o n s  of  e i ther  Gese

2 
or  GeS

2 
wi l l  be pos s i b l e  when  the  factor  g ro u p  a n a l y s i s  i s  d one .

T h i s  work  i s  i n  prog re s s .

REFE RENCES  
1 .  Cj un -H u a  L .  , P a c h i n k i n A . S .  , N o vo se l  ova , Do k l  . A k ad . N a u k . S S S R , 

�, No6 , 1 335 ( 1 9 63 ) ; Z u rn a l  Neorg . H i rn i j i ,Z , No 9 , 2 1 5 9 ( 1 9 6 2 ) . 
2 . D i ttma r G .  , S c hafer  H .  , A c ta C rys t . 83 1 , 20 60 ( 1 9 7 5 ) ; G o d l ews k i  E . , 

L a r u e 1 l e P • , J • A p p l • C r y s t . , .!.Q. , 2 0 2 ( 1 '977 ) . 

338 



3 . P rewi tt  C . T . , Y o u n g  H . S . , S c i e n ce , 1 49 , 5 3 5 ( 1 96 5 ) .
4 .  B u rg e a t  J . ,  L e  Roux  G . , B re n a c  A . , J . Ap p l . C rys . ,! , 3 2 5 ( 1 9 78 ) .
5 .  S ome res u l t s  o f  t he  i nfra red a nd  Rama n expe r i m e n t s  were p re ­

s e n ted  i n  P opo v i c  Z . V . , N i k o l i c  P . M . , S o l i d . S t . C omu n . ( 1 9 7 8 ) , 
to be p u b l i s h ed , a n d  N i k o l i c  P . M . , P o p o v i c Z . V . , J . P hys . C . , to
be p u b l i s hed . 

6 . Popo v i c  Z . V . , N i k o l i c  P . M . , V uj a to v i c  S . S . , R e port  pre s e n ted 
at  I I I  Germa n - Y u go s l a v mee t i ng  of  ma ter i a l s  s c i e n c e  a nd  d i v e ­
l o pme n t , May 1 9 78 , S tut tga r t . 

7 . Wyc koff  R . W . G . , C ry s ta l S tr u c tures , 1 96 3 , Vo l . 1 , J . W i l ey , New Y or k ,
p . 3 2 6 . 

8 . L i s i ca M . P . , A r tamonov  V . V . , B erezh i n s k i y  L . I . , B l e c k a n  O . I . ,  
Va l a h  M . Y . , U k ra i n  F i z . 2 u r na l ,�, 2 1 8 , ( 1 9 7 6 ) .  

9 .  Z a l l e n R . , S l a d e  M ,  Phys . R ev . B� , 1 6 2 7 ( 1 9 74 ) .

339 




