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SEPCTROSCOPY LETTERS , 5(11) , 401-406 (1972) 

VIBRATIONAL SPECTRA OF Ag2CrOb 

Robert L. Carter 

Department of Chemistry 
Univers i ty  of  Massachusetts 
soston, Massachusetts 02116 

It has  been shown' r e c e n t l y  t h a t  Ag C r O  has a c r y s t a l  s t r u c t u r e  which 2 4  
i s  unique among siniple an'cydrous chron,ates s t u d i e d  t o  date .  Like t h e  

chromates o f  potassium*, rubidium3, and cesium', it m a y  be ass igned  t o  t h e  

space group Pnma - D2h wi th  f o u r  formula u n i t s  p e r  u n i t  c e l l  and chromium 

atoms on C s i t e s .  However, un l ike  t h e  a l k a l i - m e t a l  chromates, t h e  c a t i o n s  

a r e  e q u a l l y  d iv ided  between s i tes  o f  C and C .  symmetries. F u r t h e m o r e ,  

metal-oxygen d i s t a n c e s  i n  Ag Cr04 range from 2.34 t o  2.62.4, as c o n t r a s t e d  

wi th  2 . 7  t o  about  3.2A i n  K C r G , , ,  and p o i n t  t o  a g r e a t e r  degree o f  

16 

0 

2 
0 

2 
I convalent  bonding between c a t i o n s  and anions.  The p r e s e n t  i n f r a r e d  and 

R a m a n  d a t a  have been obta ined  w i t h  an i n t e r e s t  i n  determining t h e  s p e c t r a l  

mani fes ta t ions  o f  t h i s  unique s t r u c t u r e .  

S i l v e r  chromate w a s  o b t a i n e d  by mixing s o l u t i o n s  of  sodium chromate 

and s i lver  n i t r a t e  i n  t h e  s t o i c h o m e t r i c  amounts. The p r e c i p i t a t e  w a s  

c o l l e c t e d  by f i l t r a t i o n ,  washed w i t h  d i s t i l l e d  water, and d r i e d  f o r  s e v e r a l  

hours at  140°C.  The r e s u l t i n g  product  w a s  very dark brown, appear ing  t o  be 

almost b lack .  Attempts t o  prepare  s ingle  c r y s t a b  by slow d i f f u s i o n  i n  

s i l i c a  g e l ,  similar t o  t h e  method used by Hackert and JacobsonL, y i e l d e d  

c r y s t a l s  which were t o o  s m a l l  for o r i e n t e d  s i n g l e - c r y s t a l  R a m a n  s t u d i e s .  

The survey i n f r a r e d  spectrum of  kg Cr04 has  been publ i shed  by Campbell 5 , 
2 

al though no s p e c i f i c  f requencies  were r e p o r t e d .  Consequently icfrared 

s p e c t r a  have been o b t a i c t e d  as p a r t  of t h e  p r e s e n t  s tudy .  S p e c t r a  were 

b O 1  

Copyrisht 8 1972 hy Marcel Dekker, Inc.  All Rights R e w v e d .  Ncither th i \  work r i m  any part 
may he reprotluccd or trantmitted in any form or hy any means. ckctrciiiic o r  mechanical, includ- 
ing photocop) iii:, niicrofilniing, and recording. or by any information rtorage and retrieval sys- 
tem, without pcrinirsiori in writing from the publisher. 
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CARTER 

obtained i n  the region 250-1200 cm-l from Nujol mull samples on Csf p l a t e s  

with a Perkin-Elmer 225 spectraphotometer. These spectra  are e s sen t i a l ly  

the same as the published spectrum5, except t h a t  cer ta in  weak bands 

appearing i n  Campbell's spectrum i n  the region 400-600 cm 

can not be a t t r i bu ted  t o  Ag C r O q ,  are not found i n  the spectra  reported here. 

-1 , and which 

2 

I n i t i a l  attempts t o  obtain the Raman spectrum of Ag C r O  with a 90 lllw 

IIe/Ne l a s e r  (6328A) were unsuccessful, probably due t o  the l o w  l a s e r  power 

levels  and absorption by the sample. Rapid sample decomposition occurred 

with the  more powerful Kr-6471A excitation. Sample rotat ion at 3000 rpm, 

in  the manner of Kiefer and Bernstein', proved t o  be a successful technique 

for obtaining the Raman spectrum with 6471A exci ta t ion a t  a power l eve l  of 

200 mw, measured at the sample. The data reported here were obtained with 

a C a r y  82 t r i p l e  monochromator a t  constant spectral  band widths of 1 . 5  t o  

3.0cm . 
spectra  with broad spurious bands, probably a r i s ing  from fluorescence. 

2 4  
0 

0 

0 

-1 0 
Attempts t o  use Ar-5145A exci ta t ion with sample rotat ion gave 

The f ac to r  group select ion rules which form the basis  fo r  i n t e rp re t ing  

the spectra ,  are summarized i n  Table 1. 

In keeping with the centrosymmetric space group, mutual exclusion of infrared 

and Raman frequencies i s  predicted. As  with the c rys t a l  s t ruc tu res ,  the 

select ion rules f o r  Ag2Cr04 and the alkali-metal chromates of DZh symmetry' 

are similar but not i den t i ca l .  

TABLE 1 

Type of 
Mode 

Number Active 
Infrared Raman 

2 

3 

V 

V 

v4 
r o t  a t  ory  

t ranslatory 

2 2 

3 4 
5 6 
5 6 
4 6 
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VIBRATIONAL SPECTRA 

A t y p i c a l  survey Raman spectrum of Ag  C r O b  i s  shown i n  Figure 1. 2 

Table 2 l is ts  i n f r a r e d  and Raman frequencies gleaned from more ca re fu l ly  

obtained spec t ra .  

of the spec t r a  uust be regarded as t e n t a t i v e .  

Tn the  absence of s i n g l e  c r y s t a l  da ta ,  t h e  assignments 

Evidence f o r  appreciable cation-anion covalent bonding can be seen i n  

the v ib ra t iona l  spec t r a  of Ag2Cr04. 

modes ( V  and V 

chromates . The typ ica l ly  clean separa t ion  between V1 and v 

Vl< V3, appears t o  be l o s t  i n  Ag2Cr04; and a s t rong  Raman band a t  777 cm 

The frequencies of the s t r e t ch ing  

are  20-40 cm-l lower than those of t he  alkali-metal 1 3 
7 i n  the order 3' 

-1 , 

below the  very s t rong  Vl component, appears t o  be due t o  V It i s  
3' 

TABLE 2 

Vibrational Frequencies of  Ag2CrOqa 

Raman ,  
-1 cm 

ca. 1630 w 

876 vw ( sh )  

856 vw ( sh )  

849 w ( s h )  

812 vs 

777 s 

375 w 

355 vw 
339 w 

1 1 5  w 

5 0  m 
40 w 

28 w 

In f ra red ,  
-1 Ass imment cm 

2Vy 2v3, v p 3  

I 

826 s 

798 s 

3 
V 

1 b 

l a t t i c e  

a. Abbreviations: v-very, w-weak, s-strong, sh- shoulder. 

b .  No da ta  below 250 cm-1. 
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VIBRATIONAL SPECTRA 

noteworthy t h a t  PbCr04 a l s o  d i s p l a y s  V 

8 
f requencies  t h a n  t h e  s t r o n g  Vl mode . 
By c o n t r a s t ,  the bending modes o f  A g  Cr04 have comparable f requencies  t o  2 

those  found f o r  t h e  a l k a l i - m e t a l  chromates ; al though t h e  s e p a r a t i o n  between 

U2 and v 4  components i s  l e s s  d i s t i n c t  for t h e  s i l v e r  compound. 

components o f  bo th  h i g h e r  and lower 
3 

Unlike Lypical ly  i o n i c  conpounds , t h e  s e p a r a t i o n  between f a c t o r  group 

components of t h e  same f ree- ion  o r i g i n  i s  s l i g h t .  Consequently marly 

a c c i d e n t a l  degeneracies  occur ,  and t h e  number o f  bands observed i s  

considerably l e s s  than t h e  cumber allowed. Corrparison o f  t h e  i n f r a r e d  and 

Faman f requencies  i c d i c a t e s  mutual e x c l u s i o n ,  i n  agreement w i t h  t h e  s e l e c -  

t i o n  r u l e s ,  and t n e r e  can b e  l i t t l e  doubt t h a t  t h e  c r y s t a l  s t r u c t u r e  o f  

Ag, Cr04 i s  c e n t r o s y m e t r i c .  

modes i s  g e n e r a l l y  small for i o n i c  compounds. The a t y p i c a l l y  l a r g e  

d i f f e r e n c e s  between ir .frared and liarrar. f requencies  fcr Ag Crab appear  t o  

a r i s e  frorr, d i r e c t i o n a l  Ag-G covalen t  bonding. 

The d i s p a r i t y  between gerade and ungerade 2 

2 
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R a m a n  s p e c t r a  f o r  t h i s  s tudy were o b t a i n e d  at  Varian A s s o c i a t e s ,  

Palo A l t o ,  C a l i f o r n i a .  The cooperat ion of H .  S.  Haber and R .  B .  Cook 

i s  g r e a t l y  apprec ia ted .  
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