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SPECTROSCOPY LETTERS, 8(2&3) ,  151-155 (1975) 

Kcy worde: mean amplitudes of v i b r a t i o n ,  general ized 
mean square anpl i tudes ,  shrinkage e f f e c t .  

Enri  que J. Baran 
Facultad de Ciencias  Exactas,  Univcrsidad 
Nacional de La Pla ta .  La P l a t s ,  Areentina.  

1 Becently,  Rraunstein anc? Clark descr ibed t h e  synthe- 

n i s  and v i b r a t i o n a l  s g e c t r a  of complexes conta in ing  the  

RuCl;, AuBr- and AuI-  ions.  I n  o r d e r  t o  o b t a i n  a deeper in- 

s i g h t  i n t o  the  v i b r a t i o n a l  p r o p e r t i e s  of these  anions it 
seems i n t e r e s t i n g  t o  c a l c u l a t e ,  using the  a v a i l a b l e  spec- 

t roscopic  d a t a ,  values  f o r  the mean nnplitu.des of v i b r a t i o n  
and some r e l a t e d  quant i t ies .  

2 2 

The mean amplitudes of v i b r a t i o n  a t  d i f f e r e n t  tempera- 

tv.res were c a l c u l a t e d  usin2 t h e  "Method of  t h e  Characte- 
r i s t i c  Vibrzt ions"  proposed by ~ : . l a . l c r ~ ~ ~  ( c f ,  also 
The r e s u l t s  arc. s:zo:vn i n  Table 1. 

4 

21s a genera l  r u l e ,  s t m n z e r  bonds show lower values 
3 f o r  t h s  Dean anylitucleo of  v i b r a t i o n  . Therefore,  i n  t h i s  

case we would exgect lower ainplitude values f o r  liuC1- 
( w i t h  a force  cons tan t  of 2.07 mdyn/i f o r  t h e  ilu-cl bond ) 2 1  

- 
than f o r  A u 3  e.nd AuI- ( w i t h  f o r c e  cons tan ts  of 1.86 and 2 2 
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BARAN 

1.65 mdyn/i r e s p e c t i v e l y  ) *  Nevertheless,  inspec t ion  of Ta- 

b le  1 shows immediately that t h i s  i s  not  t h e  case i n  t h e  

full temperature range. Only f o r  temperatures above 300 O K  

the  o r d e r  of  magnitude of t h e  u-velues shows the  expected 
trend. I n  the  0 - 300 O K  range the presence of t h e  so c a l -  
l e d  Itlow temperature a n ~ m a l y ' ~  i s  evident,  This e f f e c t  i s  

always observable i n  cases  i n  which the amplitude values  
a r e  governed e s s e n t i a l l y  by mass e f f e c t s  ra t f ie r  tharz by 

t h e  bonding forces5v6. 

1 

The same e f f e c t  has  been observed i n  t h e  i s o e l e c t r o n i c  

mercury (11) h a l i d e s  . A comparison of t h e  p a i r s  of  i s o e l e c  
t r o n i c  spec ies  (huC1i/HgC1,, iluEr-/iigUr, s cd  LIII-/H~I~) 
shows, f u r t h e r n o r e ,  t h e  exiected decrease3 of t h e  mean am- 
p l i t u d e  values  i n  going from t h e  i o n  t o  t h e  molecule, due 
t o  a corresponding increase  of the  force  cons tan t  i n  t h e  

sane d i rec t ion .  Mean amplitude values  f o r  the mercury-halo- 

5 

2 2 

TABLE 1 

Mean Amplitudes of  Vibrat ion ( i n  i) f o r  AuC12, A U B r i  and 
AuI ;  a t  D i f f e r e n t  Tenperatures,  

- 
Auc1; Amri AUI 

u Temp. ( O K )  
uAu-C1 %1., C1 U A ~ - B r  UIJr. Br ul.u-I I o .  I 

0 0.0406 0.054 5.0354 0.045 0,0338 0.041 
100 0,0409 0.054 0..0367 0.047 Ci.0363 0.045 

200 0.0442 0.059 0.0428 0.056 0.0442 0.057 

300 0.0495 0.066 0.0497 0.066 0.0522 0.068 

400 (3.0549 0.074 0.0563 9.075 13,?594 0.078 

500 0.0602 0.081 0.0623 d.Gn3 0.0659 0.0?7 
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LINEAR GOLD(1) COMPLEXES 

gen bonds a t  3OOOK a re :  HgCIZ = 0.0444; H@r2  = 0.0448 and 

H g 1 2  = 0.0495 A O 3,5 

Anothcr i n t e r e s t i n g  and r e l e v a n t  comparison i s  t h a t  

with t h e  corresponding square p lanar  AuC1; and A u B r -  ions. 

The a v a i l a b l e  d a t a  f o r  these species' shows t h a t  a t  Oo and 

3000K the  mean amplitude values  f o r  t h e  Au-X bonds a r e  com- 

parable  with those of the  corresponding AuX; ions ;  a l s o ,  

t h e  values  f o r  t h e  nor1 bonded X..X(long) dis tance8  a r e  ve- 

r y  c lose  t o  t h e  ca lcu la ted  values  f o r  the  non bonded p a i r s  

i n  AuC1; and A L i f h i .  This coincidences suggests  similar bon- 

ding p r o p e r t i e s  i n  both type of gold complexes. It  has been 

previously shown8 t h a t  analogous c o r r e l e t i o n s  a l s o  hold f o r  

square p lanar  XY; in te rha logen  anions and t h e  corresponding 

l i n e a r  XY; species ,  

zed mean square amplitudes at  t h r e e  temperatures,  namely 

Oo, 300° and 500 O K ,  us ing t h e  laown r e l a t i o n s  between t h e  

4 

We have c a l c u l a t e d  a l so  the  values  f o r  the  genera l i -  

9 x-matrix elements Resul t s  a r e  presented i n  Table 2. 

Final ly ,we have made an es t imat ion  f o r  the  Bastiansen- 

Morino shrinkage e f f e c t ,  which f o r  three-atomic l i n e a r  spe- 

c i e s  i s  def ined as : 5 

For  R,  t h e  interatomic d is tances ,  we have assumed the f o l -  

lowing values:  Au-C1 = 2.35 A ,  Au-Br = 2,50 A and Au-I = 
0 0 

2.70 

f e c t  

AUI; 

0 
A. 

A t  3030K t h e  fol lowing f i g u r e s  f o r  t h e  shrinkage 

a r e  obteined: AuC1- = 0.0087 f, AUBr; = 0.0109 1 2 
= 0.0119 1. 

e f -  

and 
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Generalized Mean Square Amplitudes ( i n  1) f o r  AuCl;, AuBr; 

and AuI'; 

Species Distance T ( 0 K )  (&z2) (ax2>= (Ay2> products Cross 

AuC1; AU-Cl 

c1, .c1 

AuBr; nu-Br 

Br. B r  

A d ' ;  Au-I 

1 . 0 1  

0 0.00165 

300 0.00245 

500 0.00362 

0 0.00290 

300 0.00440 

500 0.00656 

0 0.00125 

300 0.00247 

500 0.00388 

0 0.00202 

300 0.00436 

500 0.00692 

0 0.00114 

300 0.00271 

500 0.00435 

0 0.00168 

300 O.CO464 

500 0.09752 

0.00279 0 

0.01028 0 

0.01635 0 

0 0 

0 0 

0 0 

0.00248 0 

0.01360 0 

0.02250 0 

0 0 

0 0 

0 0 

0.00241 0 

0.01609 0 

0.02669 0 

0 0 

0 0 

0 0 
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LINEAR GOLD(1) COMPLEXES 
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