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ABSTRACT 

The Raman a c t i v e  v i b r a t i o n a l  fundamentals of lanthanide 

oxybromides, LnOBr, where Ln = La,  P r ,  Nd, Sm, Eu, Gd, Dy, Ho, Tm, 

Yb and Lu, have been reported i n  s o l i d  phase and t h e  observed da ta  

have been analyzed by comparison with those of t h e  oxychlorides on 

t h e  b a s i s  of t h e  r e s u l t s  of f a c t o r  group analysis .  

INTRODUCTION 

Previously Bas i le  et at.’ have reported t h e  i n f r a r e d  s p e c t r a  

of lanthanide oxychlorides and oxybromides, LnOCl and LnOBr, and 
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assigned the  observed bands taking i n t o  account t he  r e s u l t s  of t he  

fac tor  group ana lys i s  and the  wavenumber s h i f t s  of t he  fundamental 

v ibra t ions .  Using these inf ra red  spec t r a l  da t a ,  Hase e t  aZ.2 have 

shown tha t  t he  fundamental wavenumber s h i f t s  from LnOCl t o  LnOBr 

can be eas i ly  explained i n  terms of the  k i n e t i c  mass e f f e c t s  only. 

This f a c t  ind ica tes  t h a t  the  po ten t i a l  energy terms may be 

considered t o  be almost t he  same between LnOCl and LnOBr. 

Recently, t he  Raman ac t ive  v ib ra t iona l  fundamentals have been 

s tudied f o r  LnOCl and normal coordinate ca lcu la t ions  have been 

car r ied  out t o  confirm the  v ib ra t iona l  assignment and t o  obta in  

the  force  constants.3 

In  t h i s  paper w e  repor t  t he  Raman spec t r a  of po lycrys ta l l ine  

lanthanide oxybromides and the  observed spec t r a l  da ta  are 

discussed by comparison with those f o r  LnOC1. 

EXPERIMENTAL 

LnOBr, where Ln = L a ,  P r y  Nd, Sm, Eu, Gd, Tb, Dy, Ho, E r ,  Tm, 

Yb and Lu, were prepared using the  method described i n  the  

l i t e r a t u r e 4  and the  p u r i t i e s  were examined by elemental analyses 

f o r  Ln and B r .  

Raman study. 

recorded i n  the  region 1000-80 cm 

spectrometer. 

CeOBr and PmOBr are not  t r ea t ed  i n  the  present  

The Raman spec t r a  of t he  powder samples were 

-1 on a Jarrell-Ash Model 25-300 

Most of t he  observed spec t r a  showed the  complicated 
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LANTHANIDE OXYBROMIDES 219 

fluorescence bands due t o  ce r t a in  Ln+3 o r  impurity Ln+2 i n  

addi t ion t o  the  Raman bands. Therefore, t he  Raman bands f o r  LnOBr 

were found out by comparing the Raman spec t ra  measured using the 

exc i t a t ion  l i nes  of 476.5, 488.0 and 514.5 nm of an argon ion 

l a s e r  and of 647.1 nm of a krypton ion l a se r .  

these treatments were not e f f ec t ive  and the  Raman bands were not 

found out.  The observed fundamentals a r e  summarized i n  Table 1. 

For TbOBr and E r O B r  

RESULTS AND DISCUSSION 

The X-ray s t ruc tu ra l  analysis  showed tha t  a l l  the  lanthanide 

oxybromides c r y s t a l l i z e  in to  a te t ragonal  PbFC.1 type l a t t i c e  of 

space group D4h = P4/nmn and the pr imit ive un i t  c e l l  contains 

two formula Consequently, the  s t ruc tu re  of the  reduced 

representat ion of the  15 normal modes of v ibra t ion  i s  found t o  be 

7 -  

r = 2A + 1 B  + 3E + 2A2u + 2EU, 
1g lg  g 

i n  which the  vibrat ions of A lg, Blg and E 

ac t ive  and those of A2u and E 

species  a re  Raman 
g 

species  a re  inf ra red  act ive.  
U 

According t o  the normal coordinate calculat ions f o r  LnOCl , 3  

t he  v ibra t iona l  modes of two A 

ones between the  lanthanide s i t e  and halogen s i t e  t rans la t ions  and 

the  band posi t ions f o r  LnOBr are  expected below 200 an-'. 

it i s  w e l l  known tha t  t he  t o t a l l y  symmetric v ibra t ions  a re  

fundamentals a r e  the  coupling 
1g 

Since 
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TABLE 1 

Observed Raman ac t ive  fundamental wavenumbers ( i n  cm ) 

for lanthanide oxybromides LnOBr 

-1 

3 (B l g  ) 

L a  

Ce 

P r  

Nd 

Pm 

Sm 

Eu 

Gd 

Tb 

DY 
Ho 

E r  

Tm 

Yb 

Lu 

128 

125 

126 

125 

125 

124 

1 2 1  

119 

120 

118 

118 

110 

108 

105 

105 

104 

104 

103 

102 

102 

102 

100 

330 

340 

350 

350 

355 

373 

380 

382 

384 

402,382 

388 

4 30 

448 

465 

497 

500 

522 

5 40 

535 

500 
- 

490 

182 

185 

193 

195 

215,195 

220 

222 

220 

220 

221 

218 

Values i n  parentheses were estimated from overtones (see t ex t ) .  

-1 r e l a t ive ly  intense i n  the  Raman spectrum, the band a t  128-118 cm 

is assigned d i r e c t l y  t o  A fundamental. Two Raman bands are 

fu r the r  observed i n  the  wavenumber region below 200 cm 

-1 wavenumbers f o r  these two weak in t ens i ty  bands a r e  110-100 cm 

and 96-85 an . As previously discussed on the  in f r a red  ac t ive  

1g 
-1 . The 

-1 
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LANTHANIDE OXYBROMIDES 2 2 1  

fundamentals,2 the  poten t ia l  energy terms f o r  LnOCl and LnOBr can 

be considered t o  be almost t he  same and therefore  the  product 

ru le7  seems t o  be 

fundamental. The 

the  Raman band a t  

fundamental. 

Since the  B. 

applicable t o  f ind  out the remained A 

calculated band pos i t ion  i s  about 115 cm-' and 
1g 

110-100 an-' i s  t en ta t ive ly  assigned t o  t h i s  A 
k3 

fundamental i s  the  oxygen s i t e  t r ans l a t ion ,  the 
Lg 

band observed a t  402-330 an-' i s  eas i ly  assigned by comparison 

with t h a t  f o r  LnOCl at 384-335 cm-'. 

There are three  Raman bands not  assigned above. The band 

-1 -1 posi t ions a r e  540-430 cm , 222-182 cm and 96-85 cm-'. The two 

high wavenumber bands a t  540-430 cm 

comparable with the  bands of LnOCl a t  526-440 cm-' and 236-190 

cm , respect ively,  and are  assigned undoubtedly t o  E 

fundamentals. 

unreasonably high by comparing with the  band a t  -70 cm 

When the  Teller-Redlich type product ru l e  i s  a l so  applied f o r  E 

fundamentals, the band posi t ion of t he  l a s t  fundamental i s  

expected a t  about 55 an-'. 

cm i s  assigned to  the  overtone of the lowest wavenumber band and 

the  fundamental band can be estimated t o  be about 45 an-'. 

-1 and 222-182 an-' a r e  

-1 
g 

On the other  hand, t he  band a t  96-85 cm-' is 
-1 f o r  LnOC1. 

g 

Here, the  Raman band found a t  96-85 

-1 

Thus, the  Raman spec t r a l  data  of LnOBr could be analyzed 

completely and the  effect iveness  of t he  use of t he  product r u l e  

was  a l s o  confirmed between t h e  fundamentals of LnOCl and LnOBr. 
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