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R e s u l t s are p r e s e n t e d on a g a d o l i n i u m m o l y b d a t e c r y s t a l e x a m i n e d in 
s p o n t a n e o u s p a r a m e t r i c s c a t t e r i n g at p o l a r i t o n s ; the f r e q u e n c y - a n g l e 
s p e c t r a i n d i c a t e t h e d i s p e r s i o n of t h e o r d i n a r y r e f r a c t i v e i n d e x In t h e 

r a n g e 3 5 0 - 5 0 0 0 c m - 1 . T h e f r e q u e n c i e s of t h e t y p e B 1 l a t t i c e m o d e s h a v e 

b e e n d e t e r m i n e d . T w o - p a r t i c l e state b a n d s are o b s e r v e d , w h i c h d e t e r m i n e 

the a b s o r p t i o n of t h e c r y s t a l in the r e g i o n a r o u n d 1800 cm 1 . 

R e s u l t s are p r e s e n t e d on a g a d o l i n i u m m o l y b d a t e G M O c r y s t a l e x a m i n e d b y 
s p o n t a n e o u s p a r a m e t r i c s c a t t e r i n g at p o l a r i t o n s S P S . SPS s p e c t r o s c o p y e n a b l e s 
o n e t o e x a m i n e t h e l a t t i c e d y n a m i c s a n d the o p t i c a l p a r a m e t e r s of the s c a t t e r i n g 
m e d i u m in t h e I n f r a r e d r e g i o n . S P S s p e c t r a are r e p o r t e d for GMO o v e r the r a n g e 

2 8 0 - 5 0 0 0 c m " 1 , w i t h m e a s u r e m e n t of t h e n a t u r a l f r e q u e n c i e s and d e t e r m i n a t i o n of 

t h e d i s p e r s i o n of t h e o r d i n a r y r e f r a c t i v e i n d e x in the r a n g e 3 5 0 - 5 0 0 0 cm \ 

A GMO c r y s t a l is b i a x i a l at r o o m t e m p e r a t u r e ; it has an o r t h o r h o m b i c unit 
c e l l a n d p o i n t s y m m e t r y m m 2 . H o w e v e r , t h e l o n g i t u d i n a l s p o n t a n e o u s b i r e f r i n g e n t 
is only Anxy~~4-10-4 [ 1 ] , so t h e r e Is no n e e d in a g o o d a p p r o x i m a t i o n t o d r a w a d i s -
t i n c t i o n b e t w e e n n x a n d n , so t h e c r y s t a l can be c o n s i d e r e d as u n i a x i a l , i . e . , 

F i g . 1. F r e q u e n c y - a n g l e SPS s p e c t r u m of a GMO 
c r y s t a l , w h e r e 9 Is t h e s c a t t e r i n g a n g l e o u t -

s 
side t h e c r y s t a l and ы Is t h e p o l a r i t o n f r e -
q u e n c y . P 
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F r e q u e n c y - a n g l e S P S s p e c t r a w e r e r e c o r d e d for g a d o l i n i u m m o l y b d a t e w i t h a 
s t a n d a r d e x p e r i m e n t a l s y s t e m w i t h p h o t o g r a p h i c r e c o r d i n g [2]. F i g u r e 1 shows 
the g e n e r a l f o r m of t h e s p e c t r u m w i t h t h e f o l l o w i n g s c a t t e r i n g g e o m e t r y : t h e t r i -
angle of w a v e v e c t o r s kL = ks + kp lies in the XY p l a n e ( kL, ks, kp are t h e wave v e c t o r s 
for the p u m p i n g w a v e , s i g n a l , a n d p o l a r i t o n ) , w i t h t h e p u m p i n g wave d i r e c t e d 
a l o n g t h e X axis a n d r e p r e s e n t i n g the o r d i n a r y w a v e (kL||X, е Л У ) , w h i l e t h e s i g n a l 
w a v e was t h e e x t r a o r d i n a r y w a v e (es||Z). Here t h e r e w a s s c a t t e r i n g at o r d i n a r y 
p o l a r i t o n s . 

T h e n a t u r a l l a t t i c e f r e q u e n c i e s a p p e a r In t h i s s p e c t r u m in the r e g i o n 2 8 0 -

1000 c m " ; the t r a n s m i s s i o n r e g i o n b e g i n s at 1300 c m - 1 . The lines in t h a t p a r t 
of t h e s p e c t r u m are due to c r y s t a l l u m i n e s c e n c e , and t h e c o r r e s p o n d i n g w a v e -
lengths lie in the r a n g e 0 . 5 0 - 0 . 6 2 y m . To d i s t i n g u i s h the n a t u r a l - f r e q u e n c y lines 
f r o m t h e l u m i n e s c e n t lines w e c o m p a r e d t h e s p e c t r a o b t a i n e d by p u m p i n g at d i f f e r -
ent w a v e l e n g t h s : A = 4 5 7 . 9 , 4 7 6 . 5 , 4 8 8 . 0 , and 514.5 n m . T h e l u m i n e s c e n c e lines 

do not a l t e r in p o s i t i o n , w h e r e a s t h e n a t u r a l - v i b r a t i o n lines m o v e a l o n g w i t h the 
p u m p i n g in such a way that t h e f r e q u e n c y shift cop = o)L—cos r e m a i n s c o n s t a n t . T h e 
p u m p i n g s o u r c e w a s an a r g o n l a s e r . 

T a b l e 1 

SPS СО, CM-I RS [ 3 ] СО. CM-L 

2 8 2 2 8 4 
3 0 2 3 0 6 
3 3 0 3 2 7 
3 4 8 3 4 5 
4 0 7 4 0 7 
7 1 8 . 7 2 7 
7 4 9 7 4 8 
8 1 6 8 2 1 
8 2 8 8 2 8 
8 4 9 8 4 8 
8 8 1 8 8 2 . 
9 3 1 9 3 0 
9 6 0 9 6 5 
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F i g . 2. D i s p e r s i o n of t h e 
o r d i n a r y r e f r a c t i v e I n d e x n 

in t h e r a n g e 350—5000 c m - 1 . 

0 

The SPS s p e c t r a a l l o w e d us to m e a s -
ure n a t u r a l l a t t i c e f r e q u e n c i e s in the 

r a n g e 2 8 0 - 1 0 0 0 c m " 1 w i t h an e r r o r of ±10 

c m - . T a b l e 1 gives t h e r e s u l t s . T h i s 
gives f r e q u e n c i e s o b t a i n e d by R a m a n s c a t -
t e r i n g [3] for type B ^ m o d e s . T a b l e 1 

shows that the f r e q u e n c i e s m e a s u r e d by 
t h e v a r i o u s m e t h o d s are in g o o d a g r e e m e n t . 
A l s o , the w a v e l e n g t h s of t h e l u m i n e s c e n c e 
lines w e r e d e t e r m i n e d . T h e s t r o n g e s t 
lines h a d w a v e l e n g t h s of 540; 543,3; 549; 564,6; 
567; 570; 576,8; 589; 594; 599,6; 599,6; 604; 607; 611 n m . 

T h e i n t e g r a l l u m i n e s c e n c e i n t e n s i t y 
t h r o u g h o u t the s p e c t r u m is s u b s t a n t i a l l y 
i n d e p e n d e n t on the p u m p i n g w a v e l e n g t h , as 
are t h e r e l a t i v e i n t e n s i t i e s of t h e in-
d i v i d u a l l i n e s . T h i s l u m i n e s c e n c e cannot 
be r e l a t e d to the t r i v a l e n t g a d o l i n i u m 

3+ 
i o n , s i n c e all the Gd lines lie in the 
u l t r a v i o l e t r e g i o n [4], a n d It is due to 
i m p u r i t i e s in the c r y s t a l , e . g . , o t h e r 
r a r e - e a r t h ions or d i v a l e n t g a d o l i n i u m . 
On t h e o t h e r h a n d , the l u m i n e s c e n c e inten-
sity is very m u c h d e p e n d e n t on the p a r t i -
c u l a r c r y s t a l ( a l t h o u g h the s p e c t r u m is 
t h e s a m e for a g i v e n p u m p i n g ) , a n d the 
i n t e n s i t y m a y vary f r o m s p e c i m e n to spec-
i m e n by a f a c t o r 5, w h i c h is c l e a r l y 
g o v e r n e d by the i m p u r i t y c o n c e n t r a t i o n . 

One of the f e a t u r e s of t h e s e s p e c t r a is that t h e r e are two b r o a d l i n e s at 

1756 and l800 cm w h i c h i n t e r a c t w i t h the SPS curve and c a u s e a d e v i a t i o n for 
the m o n o t o n i c f o r m , and t h e r e f o r e they h a v e n o n z e r o d i p o l e m o m e n t s . T h e SPS 
m e t h o d is h i g h l y s e n s i t i v e t o the d i p o l e m o m e n t s of t h e v i b r a t i o n s ; it p r o v i d e s 
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T a b l e 2 

0 
X, A ne 

4 0 7 8 1 , 8 8 5 1 , 9 4 6 

5 7 8 0 1 , 8 4 7 1 , 9 0 1 

6 1 2 3 1 , 8 4 1 1 , 8 9 4 

5 4 6 1 1 , 8 5 2 1 , 9 0 7 

T a b l e 3 

1 3 5 6 
1 5 1 5 
1 6 6 5 
1 8 4 9 
2066 
2 2 9 8 
2 6 9 7 
2 8 2 5 
3 3 7 5 
4 7 8 6 
4 9 3 3 

1 , 6 0 7 
1 , 6 5 9 
1 , 6 9 1 
1 , 7 0 7 
1 , 7 3 9 
1 , 7 5 2 
1 , 7 7 4 
1 , 7 7 7 
1 , 7 9 0 
1 , 8 1 4 
1 , 8 1 4 

-4 

r e l i a b l e r e c o r d i n g of v i b r a t i o n s of d i p o l e m o m e n t about 10 [5]. T h e h i g h e s t -

f r e q u e n c y f i r s t - o r d e r v i b r a t i o n [3] has a f r e q u e n c y of 965 cm" . T h e r e f o r e , t h e 

1756 a n d l800 c m - 1 lines are p r o b a b l y s e c o n d - o r d e r lines f o r m e d for e x a m p l e by 
t h e p a i r s 1756^931+828 c m " 1 , 1800«960 + 849 c m - 1 . T h e i n t e r a c t i o n b e t w e e n t h e e l e c t r o -
m a g n e t i c w a v e a n d the second—order v i b r a t i o n s i n c r e a s e s t h e d a m p i n g at t h e s e fre-
q u e n c i e s and thus r e s u l t s in an a d d i t i o n a l a b s o r p t i o n b a n d , w h i c h w a s o b s e r v e d 
in t h e r a n g e 5.5-6 ym [6]. 

T h e i n f r a r e d r e f r a c t i v e i n d e x m a y be m e a s u r e d ( i n c l u d i n g in the r e g i o n of 
t h e l a t t i c e m o d e s ) f r o m the SPS f r e q u e n c y - a n g l e s p e c t r a if one k n o w s the r e f r a c -
t i v e i n d i c e s for t h e p u m p i n g w a v e a n d the s c a t t e r e d w a v e , w h o s e f r e q u e n c i e s lie 
in the v i s i b l e r e g i o n [7]. T a b l e 2 g i v e s the c o r r e s p o n d i n g r e f r a c t i v e i n d i c e s 

-4 
as m e a s u r e d by the p r i s m m e t h o d w i t h a GS-30 g o n i o m e t e r w i t h an e r r o r of ±5-10 

T h e S P S s p e c t r a w e r e u s e d to d e t e r m i n e t h e r e f r a c t i v e index for the o r d i n a r y w a v e 

n in t h e r a n g e 3 5 0 - 5 0 0 0 cm \ F i g u r e 2 a n d T a b l e 3 gives t h e d i s p e r s i o n of n 
in t h i s r a n g e . 

W e are i n d e b t e d to I . N . V e l i c h k o for p r o v i d i n g the s p e c i m e n and to Т. M . 
P o l k h o c a k a y a for a d v i c e on the p h y s i c a l p r o p e r t i e s of t h e GMO c r y s t a l . 
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