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VIBRATIONAL SPECTRA OF [Zn(15NH3)4](Re0
110cd/116

4)2 AND

[Cd (NH ](Re04)2 WITH Cd AND H/D ISOTOPIC

304
SUBSTITUTION.
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Pontificia Universidade Catdlica do Rio de Janeiro
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ABSTRACT : The infrared spectra of the zinc tetraammine

with 15N , and cadmium tetraammine perrhenates with

11ocd/116

Cd and H/D isotopic substitution , provides
useful data in determining skeletal pseudo - exact
force constants . An approximate set of force constants

in the F2 symmetry class for the whole complexes were

obtained .

INTRODUCTION

We sintetized and measured the spectra of

11004 (nu

15
[2n( "NH;) 4] (ReO,), , [CA(ND;),)(ReO,), , I 3 4)

871
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11

(Re04)2 and [ 6Cd(NH 4](ReO and remeasured those

4)2
](Re04)2 and [Cd(NH3)4](ReO4)2_

3)
corresponding to [Zn(NH,),
All the complexes studied in this work are isostructural
(1,2), crystallize in the cubic space group T2— F43m
with Z = 4 , and contain the same anion

A normal ccordinate analysis was carried out

based on a modified valence force field.

EXPERIMENTAL DETAILS

The method used to prepare the ammine comple-
xes of Zn(II) and Cd(II) , corresponds roughly to that
reported in literature (3,4) but on a mg scale.

The infrared spectra of the nujol mulls of
the complexes were measured on a Perkin-Elmer IR-180
Spectrometer . The Raman spectra were recorded on a
Coderg Laser Raman Spectrometer PHO using an Ar' laser
from Spectra-Physics (exitation line : 5145 i }. The
calibration was made using water vapour and the ar’

plasma line (5).

NORMAL COORDINATE ANALYSIS: Following Cyvin's rule (7)

13

the vibrations may be classified as due to (i) ligand ,
(ii) ligand-framework coupling and (iii) skeletal vibra-
tions.,

The set of symmetry coordinates employed in
the present calculations is the same as the one reported
by Cyvin, et al. (8). Bond lengths of 2.01 A, 2.10 A and

1.01 A were assumed for the Zn-N, Cd-N and N-H bonds,
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TABLE 1. Infrared and Raman Spectra of the [Zn(lsNH3)4' ](Re04)2 and

lCd(NH3)4 ](Re04)2 complexes with deuterium and

11OCd/llscd isotopic substitution { in cm-l).
15

IR.spectra [2n( NH3)4](Re04)2 [*Cd(NH3)4 KReO4)2 [Cd(NDJ)4 KRe02)2
v, g (NH) 3319,0 ¥ 2.0¢(s) 3352.5 £ 2.0(s) 2501.0 ¥ 5.0(s)
v (NH) 3259.0 ¥ 2.0(w 3266.5 ¥ 1.0(w) 2378.0 ¥ 2.00w)

(*% . .

26, _ (HNH) 3174.0 ¥ 2.0(w) 3184.0 ¥ 2.0(w) 2321.0 £ 2.0(w
8, (HNH) 1618.0 £ 2.0(s) 1617.0 ¥ 2.0(s) 1182.5 ¥ 2.0¢(s
8 (NH) 1237.5 & 1.0(w 1175.0 ¥ 2.0(w - -

o _(NH ., 714.0 £ 2.00m 670.0 ¥ 2.0tm) 502.3 T 3.0(m

Y, (MN) 403.5 L 0.3(w) 371.0 £ 0,200 @) 3480 - 1.0

372.0 ¥ 0,500 ‘P
8, (e0) 168.5 ¥ 0.8(m 167.5 £ 0.3m @ 1550 % 2.0(m)
167.5 £ 0. 3(m) P

Raman spectra: Framework frequencies.

v, (1) 412.0 ¥ 3.00w 187.0 % 1,060 @ 360.0 T 100w
8 (NMN) 174.5 ¥ a.a(w 162.5 2 40P 145 0 2 2,00
(a) llocd and (b) Llscd labeled ammine complexes

{**) overtone or combination bands

RESULTS AND DISCUSSION

VIBRATIONAL SPECTRA:

Since the Zn and Cd tetraammine

873

per

rhenate complexes are isostructural, their spectra are a

nalogous.

the species: T =

3A

1

The fundamentals can be classified acording to

(R) + A2(—) + 4E(R) + 4F1(-) + 7F2(IR,

R), where all the IR. active fundamentals could be obser

ved.,



04: 05 30 January 2011

Downl oaded At:

874 TELLEZ

o
~
”
t
\
0
o
v
1 0 2
)} )
=] 1
<
420 400 380 360 1
-+ cm” - cm”

Fig.1.Metal ligand %S(MN) IR skeletal stretching bands:
15
A) [Zn(NH3)4](ReO4)2 ,B) [Zn( NH3)4 ](Re04)2 ,

110 11

6
C) [~ Cca(NH,), 1(Re0,), ,D)[ ~ CA(NH,) ] (Re0,),

In the Raman spectrum of [Zn(lsNHa)4 ](ReO4)2,
two bands for the skeletal vibrations were observed. The
se vibrations, which occur at 411.0 ¥ 3,0 cm™ and 174.5
s 4,0 cm-l, correspond to the \g(ZnN) and '%(NZnN) modes
in the A, and E species, respectively. The Raman spec -

110Cd/llGCd central atom substituted ammine

trum of the
complexes shows, in the region of skeletal vibrations ,
the same two bands observed for the Zn complex . For

110 116
[ Cd(NH3)4] (Re04)2 and | Cd(NH3)4 ](Re04)2 , t?ese

bands appear at 387.0 % 1.0 em™? and 162.5 £ 4.0 em” ,
respectively. For the [Cd(ND3)4] (Re04) complex we re-
ported the H/D shift of 27,0 % 2,0 cm =~ for the vs(CdN)

(Al) symmetric stretching mode. For the bending GS(NCdN)
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TABLE 2,.-SYMMETRY FORCE CONSTANTS FOR THE MX4 SKELETONS:

(X=NH3; M= Zn , Cd ) (mdyn/x )
isotopic substitution*
2+ 14, ,15
[Zn (NH3) ,] N/ °N
- s (a)
Fiqg(By) 2 Fiyng  1-79 = 0.02
- +
F33(Fy) = Fyn)as 1.34 £ 0.05
F3a(Fy) = F yn/nm) 0.11 = 0.06
= 0.13 £ 0.03

FuaFa) = Fyun)as

isotopic substitution

14N/15N 11ocd/116cd

2+
[Cd(NH3)

>
—_—

= + (a)
Fiqp(Ry) 2 Fyyyg 1-50 = 0.01
F33(Fy) 2 F o) as 1.19 £ 0.06 1.14 X 0.08
0.11 £ 0.10 0.00 ¥ 0.07

F34(F) = F (yn/nmn)

1+

FagF2) = Fuun)as

(a) Determined by taking vs(ZnN)(A1) and vs(CdN)(A1)
from the Raman spectra of solid [Zn(15NH3)4](ReO4)2

110
and [ Cd(NH3)4](ReO4)2 .
(b) See ref .(11). (*) Natural abundance of 14N is
about 99.634%.
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Table 3 . Symmetry force constants (F2 symmetry species) | mu';'n/.g)

for the complexes [M(NH3)4](}2(304)2 ; M= Zn , Cd .

2+ 2+
[Zn{NH4) ,) [Cd (NH,) )
initial set final set final set
Foun = Ty 6.48 6.19 * 0.0 6.30 X 0.18
Fiy 0.42 0.41 % 0.03 0.41 X 0,12
= + 0.00 0.70 X 0.00
Flnms © F22 0.48 0.79 %
Finiyas = Fy, 6.45 6.02 ¥ 0.03 6.16 £ 0.18
Fiy -0.16 -0.16 £ 0.06 -0.15 2 0.30
R 0.59 0.58 X 0.00 0.58 " 0.01
- + 0.02
F(NHB)r : Feg 0.13 0.15 * 0.06 0.13 =
- * + +
Flunras © Fes 1.34 ;1019 1.37 2 0.01 1.23 X 0.03
Fys 0.1 ; 0.11" g.11 % 0.00 0.10 % 0.02
- * + +
nas 277 0.13 ; 0.11 0.14 % 0.0 0.12 £ 0.01
valence force constants
£ iy 6.46 6.04 6.21
£ mn 0001 0.02 0.04
£ ) 1.45 2 0.03 1.25 X 0.05
£ /i) 0.11 X 0.02 0.09 ¥ 0.02

(*) See Table 2.
(a) The valence force constants were obtained through the analyti-

cal expressions of the symmetry force constants: (a)Ligands:

Fog = fom * 8 f s

Fis = P - Soumam
(b) Framework : _

Faso [P0 = fomy * 3 Fommw

Foan B2 = fomn = fompm

mode the H/D shift was found to be 16.5 & 6.0 cm ©  (6).
Table 1, includes the infrared and Raman spectra of the
Cd and Zn ammine perrhenate complexes. The isotopic
shifts for the vas(MN) (Fg) IR. active skeletal modes
for the Zn and Cd isotopic complexes are shown in Figure

1.
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For the former, in a similar manner to Cyvin
and co-workers (7,9), it was assumed that the interac-
tion force constants between different NH_ groups, and

3

between the framework and the NH3 ligands , were equal

to zero. For the NH3 ligands, the initial set of force
constants were taken from reference (9). The ligand-fra
me work coupling initial force constant was obtained
from the relation FiizxiG;;S were obtained based on the
point mass model approximation (10) and are collected
in Table 2. The calculations were performed by Wilson's
GF matrix method and the final set of force constants

E(Fz) are listed in Table 3.
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