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15 VIBRATIONAL SPECTRA OF [Zn( N H 3 I 4 1  ( R e 0 4 ) 2  AND 

[Cd ( N H 3 )  J ( R e 0 4 )  W I T H  ' 'Cd/l 6Cd AND H/D ISOTOPIC 

SUBSTITUTION. 

Key words : V i b r a t i o n a l  s p e c t r a  , Zn , Cd i s o t o p i c  ammin 
complexes . 
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ABSTRACT : The i n f r a r e d  s p e c t r a  of t h e  z i n c  tetraammine 

with I 5 N  , and cadmium tetraammine pe r rhena te s  w i t h  

'Cd/ll 6Cd and H/D i s o t o p i c  s u b s t i t u t i o n  , prov ides  

u s e f u l  d a t a  i n  determining s k e l e t a l  pseudo - exact 

f o r c e  c o n s t a n t s  . An approximate set  of f o r c e  c o n s t a n t s  

i n  t h e  F2 symmetry class f o r  t h e  whole complexes 

obtained . 
were 

INTRODUCTION 

W e  s i n t e t i z e d  and measured t h e  s p e c t r a  o f  

[Zn( 15 N H 3 1 4 1  ( R e O 4 I 2  , [Cd(ND3141 ( R e 0 4 ) 2  , [110Cd(NH3)41 

871 
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072 TELLEZ 

( R e O 4 I 2  and [116Cd(NH3)41 ( R e 0 4 ) 2  and remeasured t h o s e  

co r re spond ing  t o  [Zn ( N H 3 )  4 l  ( R e 0  1 and [Cd ( N H 3 )  4 ]  ( R e 0 4 )  2 .  

A l l  t h e  complexes s t u d i e d  i n  t h i s  work are i s o s t r u c t u r a l  

( 1 , 2 ) ,  c r y s t a l l i z e  i n  t h e  c u b i c  s p a c e  group T - Fz3m 

w i t h  Z = 4 I and c o n t a i n  t h e  same an ion  . 

4 2  

2 

d 

A normal c c o r d i n a t e  a n a l y s i s  was c a r r i e d  o u t  

based on a modi f ied  v a l e n c e  f o r c e  f i e l d .  

EXPERIMENTAL DETAILS 

The method used t o  p r e p a r e  t h e  ammine comple- 

xes  of Z n ( I 1 )  and C d ( I 1 )  , cor re sponds  rough ly  t o  t h a t  

r e p o r t e d  i n  l i t e r a t u r e  ( 3 , 4 )  b u t  on  a mg s c a l e .  

The i n f r a r e d  s p e c t r a  o f  t h e  n u j o l  m u l l s  of 

t h e  complexes w e r e  measured on a Perkin-Elmer IR-180 

Spec t rometer  . The Raman s p e c t r a  were r eco rded  on a 

Coderg Laser Raman Spec t rometer  PHO u s i n g  an Ar' laser 

from Spec t r a -Phys ic s  ( e x i t a t i o n  l i n e  : 51 45 ) . The 

c a l i b r a t i o n  was made u s i n g  water vapour  and t h e  A r +  

plasma l i n e  (5). 

NORMAL COORDINATE ANALYSIS:  Fol lowing C y v i n ' s  r u l e  ( 7 )  , 
t h e  v i b r a t i o n s  may be c l a s s i f i e d  as due t o  ( i )  l i g a n d  , 
( i i )  ligand-framework c o u p l i n g  and (iii) s k e l e t a l  v i b r a -  

t i o n s .  

The s e t  of symmetry c o o r d i n a t e s  employed i n  

t h e  p r e s e n t  c a l c u l a t i o n s  i s  t h e  same as t h e  one r e p o r t e d  

by Cyvin,  e t  a l .  ( 8 ) .  Bond l e n g t h s  o f  2 . 0 1  A,, 2 . 1 0  A and 

1.01 i were assumed f o r  t h e  Zn-N, Cd-N and N-H bonds,  
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Cd ISOTOPIC A M M I N  COMPLEXES a 7 3  

TABLE 1. I n f r a r e d  a n d  Raman S p e c t r a  of the [ Z n 1 1 5 N H 3 ) 4  l ( R e 0 4 ) 2  a n d  

I C d l N H 3 ) 4  1 ( R e 0 4 ) *  c o m p l e x e s  w i t h  d e u t e r i u m  a n d  
110cd,116 Cd i so top ic  s u b s t i t u t i o n  ( i n  c m - l ) .  

1R.spectra I Z n ( 1 5 N H 3 1  41 ( R e 0 4 )  I 'Cd(NH,) 1(Re04)  [ CdiND3) ] ( R e 0 2 i 2  

3319 .0  2 . 0 ( s )  

3 2 5 9 . 0  2 , 0 ( w )  

3 1 7 4 . 0  2 . 0 ( w )  

1 6 1 8 . 0  2 . 0 ( s )  

1 2 3 7 . 5  l . O ( w I  

7 1 4 . 0  f 2 . 0 i n l  

4 0 3 . 5  : 0 . 3 ( w )  

1 8 8 . 5  0 . 8 l m )  

3 3 5 2 . 5  t 2 . 0 ( s )  2 5 0 1 . 0  5 . 0 ( 5 )  

3 2 6 6 . 5  t. l . O ( w 1  2 3 7 8 . 0  2.OLw) 

3 1 8 4 . 0  t 2 . 0 ( w )  2 3 2 1 . 0  2 2 . 0 ( w )  

1 6 1 7 . 0  2 . 0 ( s )  1 1 8 2 . 5  ' 2 . 0 f s l  

1 1 7 5 . 0  2 . 0 ( w l  - 
6 7 0 . 0  Z.O(mI 5 0 2 . 3  3 . O ( m l  

3 7 1 . 0  2 0 . 2 ( w l  l a )  3 4 8 . 3  - 1.0 

3 7 2 . 0  O . i ( w ) ' ' )  

1 6 7 . 5  2 0 . 3 ( r n ) ( a )  1 5 5 . 0  Z . O ( m 1  

167.5 2 0 . 3 f m )  

Raman spectra: Framework f r e q u e n c i e s .  

( a )  '"Cd a n d  lb) '16Cd l a b e l e d  dmmlne c o m p l e x e s  

( * * )  o v e r t o n e  or  c o m b i n a t i o n  b a n d s  

RESULTS AND DISCUSSION 

VIBRATIONAL SPECTRA: Since  t h e  Zn and Cd te t raammine p e r  

r h e n a t e  complexes a r e  i s o s t r u c t u r a l ,  t h e i r  s p e c t r a  a r e  2 
na logous .  The fundamenta ls  can  be c l a s s i f i e d  a c o r d i n g  t o  

- 

t h e  s p e c i e s : r  = 3A (R) + A ( - 1  + 4E(R) + 4F ( - )  + 7F2(IR, 
R ) ,  where all t h e  I R .  a c t i v e  fundamenta ls  c o u l d  be o b s e r  

1 2 1 

- 

ved. 
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874 TELLEZ 

’ L- 

420 400 , - c m -  

Fig.l ;Metal  l i g a n d  v ( M N )  I R  s k e l e t a l  s t r e t c h i n g  bands: 
15 dS 

A )  [Zn(NH3)d (ReO4I2 , B )  [ Z n (  

c )  [ 110Cd(NH3), ] (ReO4l2 , D ) [  ‘l6Cd(NH,),] (ReO4j2 

N H 3 ) 4  1 (Re04)2 , 

I n  t h e  Raman spectrum of I Z ~ ( ” N H ~ ) ~  1 ( R e 0 ~ ) ~ ,  

two bands f o r  t h e  s k e l e t a l  v i b r a t i o n s  were observed. The 

s e  v i b r a t i o n s ,  which occur  a t  411.0 - 3.0 cm and 174.5 
+ -1 - 4.0 cm , correspond t o  t h e  V ( Z n N )  and 6 ( N Z n N )  modes 

i n  t h e  A1 and E s p e c i e s ,  r e s p e c t i v e l y .  The Raman spec - 
trum of t h e  Cd c e n t r a l  atom s u b s t i t u t e d  ammine 

complexes shows, i n  t h e  r eg ion  of s k e l e t a l  v i b r a t i o n s  , 
t h e  same two bands observed f o r  t h e  Zn complex . For 

t h e s e  

bands appear a t  387.0 - 1.0 cm , 
r e s p e c t i v e l y .  For t h e  [Cd(ND3l4 3 (Re04) complex we re-  

po r t ed  t h e  H / D  s h i f t  o f  27.0 - 2 . 0  cm f o r  t h e  vs(CdN) 

(A1) symmetric s t r e t c h i n g  mode. For the  bending 6s(NCdN) 

+ -1 

s S 

110cd/116 

t10Cd(NH3)4 1 ( R e O 4 I 2  and [ ‘16Cd(NH3), 1 (ReO4l2 , 
+ -1 + and 162.5 - 4.0 cm-l 

+ -i! 
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Cd ISOTOPIC AMMIN COMPLEXES a75 

TABLE 2.-SYMMETRY FORCE CONSTANTS FOR THE MX4 SKELETONS: 

(X=NH3; M= Zn , Cd ) (mdyn/l 

isotopic substitution* 

14 15N [Zn (NH3) I 2+ N/ 

Fll(A1) F (MN) s 1.79 2 0.02(a) 

F33(F2) ’ F(MN)as 1.34 2 0.05 

0.11 2 0.06 F 

F 4 4 ( F 2 )  F (NMN ) as 0.13 2 0.03 

34 (F2) ’ (MN/NMN) 

isotopic substitution 

4N/15N OCd/’ 6Cd 

1.50 2 0.01 (a) F1 1 (A1 ’ (MN) s 

F33 (F2) ’ (MN) as 

F 3 4  (F2) ’ (MN/NMN) 

F44 (F2) ’ (NMN) as 

+ >  1.19 2 0.06 1.14 - 0;08 

0.11 2 0.10 0.00 2 0.07 

0.11 2 0.03 0.11 2 0.01 

(a) Determined by taking w s  (ZnN) (A,) and vs (CdN) (A1) 
from the Raman spectra of solid [Zn (15NH3) 4 ]  (Re04) 
and I’ ‘Cd (NH3) ] (Re04 ) . 

(b) See ref . (11). 
about 99.634%. 

( * )  Natural abundance of 14N is 
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8 76 TELLEZ 

T a b l e  3 . Symmetry f o r c e  c o n s t a n t s  IF2 s - j n m e t r y  s p e c i e s )  1 ad :*n /E l  

for t h e  c o m p l e x e s  [MlNH3)411Re04)2  ; M= Zn , Cd . 

i n i t i a l  set f i n a l  s e t  final set 
6.48 6 . 1 9  2 0 . 0 3  

0.42 0 . 4 1  2 0 . 0 3  

0 .48  0 .79  f 0 . 0 0  

6 .45  6 . 0 2  t 0 . 0 3  

- 0 . 1 6  -0 .16  f 0 . 0 6  

0.59  0 . 5 8  : 0.00 

0 . 1 3  0 . 1 5  * 0 . 0 6  

1 .34  ; 1.19‘  1 . 3 7  f 0.01 

0.11 i 0.11. 0 . 1 1  : 0 .00  

0 . 1 3  ; O . l l f  0 . 1 4  : 0.01 

v a l e n c e  force c o n s t a n t s  

6 .46  6 .04  

0 .01  0 . 0 2  

1 . 4 5  2 0 . 0 3  

0 .11  0 .02  

6 .30  0 . 1 8  

0.41 f 0 . i 2  

0.70 f 0.00 

6.16 0 . 1 8  

-0 .15  0 . 3 0  

0.58  * 0 . 0 1  

0 .12  : O.02 

1 . 2 3  f 0 . 0 3  

o.:o : 0 . 0 2  

0 . i i  t 0 .01  

6 . 2 1  

0 . 0 4  

1 .25  0 . 0 5  

0 . 0 9  f 0 .02  

( * )  S e e  T a b l e  2 .  

l a )  T h e  v a l e n c e  f o r c e  c o n s t a n t s  were o b t a i n e d  t h r o u g h  t h e  a n a l y t i -  

cal e x p r e s s i o n s  of t h e  symmet ry  f o r c e  c o r . s t a n t s :  lalliqands: 

F1l  f l N H I  + a ‘ ( N H / N H I  

F j j  = ( N H I  - ‘ ( N H / N H )  

Ib)  Framework : 
F(rnlS(*l) = f “ )  + flrnrn, 

F ( M J ) 2 2 )  = f(mt.l) - ‘(mm) 

mode t h e  H/D s h i f t  was found t o  be 16 .5  2 6 .0  cm-l ( 6 ) .  

Table  1, i n c l u d e s  t h e  i n f r a r e d  and Raman s p e c t r a  o f  t h e  

Cd and Zn ammine p e r r h e n a t e  complexes.  The i s o t o p i c  

s h i f t s  f o r  t h e  v (MN) ( F  ) I R .  a c t i v e  s k e l e t a l  modes 

f o r  t h e  Zn and Cd i s o t o p i c  complexes are shown i n  F i g u r e  
as 2 

I. 
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Cd ISOTOPIC AMMIN COMPLEXES a 7 7  

For  t h e  fo rmer ,  i n  a s imilar  manner t o  Cyvin 

and co-workers ( 7 ; 9 ) ,  it w a s  assumed t h a t  t h e  i n t e r a c -  

t i o n  f o r c e  c o n s t a n t s  between d i f f e r e n t  NH3 g roups ,  and 

between t h e  framework and t h e  NH l i g a n d s  ', were e q u a l  

t o  zero'. For  t h e  NH3 l i g a n d s ,  t h e  i n i t i a l  s e t  o f  f o r c e  

c o n s t a n t s  were t aken  from r e f e r e n c e  ( 9 ) .  The l i g a n d - f r a  

me work coup l ing  i n i t i a l  f o r c e  c o n s t a n t  w a s  o b t a i n e d  

from t h e  r e l a t i o n  F =),.G"< were o b t a i n e d  based  on t h e  

p o i n t  mass model approximat ion  ( 1 0 )  and are c o l l e c t e d  

i n  Table  2 .  The c a l c u l a t i o n s  were performed by W i l s o n t s  

GF m a t r i x  method and t h e  f i n a l  s e t  o f  f o r c e  c o n s t a n t s  

F ( F  ) a r e  l i s t e d  i n  Table  3. - 2  

3 

ii 1 ii '  
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