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Vibrational Spectra of Nitrogen-15-substituted Hexa-amminenickel(1i) 
Chloride, Hexa-amminecobalt(1ii) Chloride, and Tetra-amminezinc(i1) 
Iodide 
By Karlheinz Schmidt, Wolfgang Hauswirth, and Achim Mullet-," Institute of Chemistry, University of 

Dortmund, D 46 Dortmund-50, P.O.B. 500500, Federal Republic of Germany 

1.r. spectra of [Ni(15NH,)6]C12 and [ C O ( ~ ~ N H ~ ) ~ ] C I ~  and Raman and i.r. spectra of [Zn(15NH,),]I, are reported 
and compared with the spectra of the normal ammines. The 14N-15N isotope shifts can be used to solve some 
assignment problems. Reliable skeletal force constants have been calculated by use of the nitrogen isotope shifts 
as additional data. 

IN the course of our work on vibrational spectra and bond -zinc@), and -palladium(Ir) with 2H and 50Cr, =Cr, 
properties of transition-metal complexes we recorded =Ni, 62Ni, 63Cu, "Cu, 64ZnJ 68Zn, lo4Pd, and llOPd isotope 
recently i.r. spectra of hexa-ammine-chromium(m), substitution.1,2 In this paper we present spectra of 
-cobalt (111) and -nickel@) and tetra-ammine-copper(I1) , some 15N-labelled ammine complexes. The 14Nf5N 

1 A. Muller, K. H. Schmidt, and G. Vandrish, Spectrochim. K. H. Schmidt and A. Miiller, J .  Mol. Structure, 1974, 22, 
Acta, 1971, A30, 661. 343. 
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isotope shifts are used as additional data for force- authors, three bands occur in the region of the anti- 
constant calculations. symmetric Co-N stretching vibration. Whereas some 

EXPERIMENTAL 
workers assumed these bands to be components of the 
three-fold degenerate F1, vibration, split due to the 

The salts [Ni(NH,),]Cl,, [Co(NH,),]Cl,, and [Zn(NH,),]I, monoclinic Others stated Some bands 
ar1S.e from the activation of i.r.-inactive modes (for 
further details see refs. 2, 5, and 6). All three bands of 
normal and 15N-labelled [Co(NH,),] C1, had nearly equal 
intensities and shapes. The 14N-15N isotope shifts were 

were prepared by standard methods (cf. refs. 3 and 4), the 
15N labelled complexes by using 95% isotopically enriched 
[f6NH,]C1 (Rohstoff-Einfuhr GmbH, Diisseldorf) in milli- 
gram quantities. 1.r. spectra of Nujol mulls were recorded 

TABLE 1 
I .r. spectra (cm-l) of [6sNi (NH3) a] C1,,a [Ni( 15NH,) ,]CI,, [Co(NH,) 6]C13,b and [Co ( 15NH,) ($]C13 

C5*Ni(NH3) B]C1z [Ni( 15NH3) 6]c12 AY [c0(NH3) 6Ic13 [C0(15NH3) dC13 Av 
vasym (NH) (F14 3 345s f 2 3 340 f 1 

5 -+ 3 
3 240s f 5 3 230 f 5 10 & 10 

&WmWNH) ( F l u 1  1607m f 1 1605 & 1 2 & 2  1619m f 3 1618f 2 1 f 5  
yEYXll(NH).fFh4)  3 19Ow f 5 ca. 3 185 3 160s f 3 3 155 f 3 5 f 6  

&yrn(HNH) ( F l u )  1176vs f 1 1174 f 1 2 f 2 1328.5s f 1 1323.5 & 1 5 f 2  

9.5 f 1.5 (14) e 
9 f 1.5 

5 f 2 (5.8) d*e 
{ 11 2 * 2  & 1.5 (12.5)c 

831s f 1 
498vw & 0.5 

449vw f 0.5 
331s f 1 
154s & 2 

829 f 1 
488.5 f 1 

438 & 1 
326 & 1 

Fr(NH3) F l W )  685s f 1 683 f 1 

%aym(MN) ( F l u )  335.2m & 0.3 327.5 f 0.3 7.7 f 0.6 4 7 7 ~  f 0.5 468 f 1 

&ym(NMN)(F1,) 217m9 br f 1 214 f 1 
Lattice 115m f 2 
a Cf. ref. 1 ; the frequencies in the region 3 500-500 cm-l were redetermined with higher accuracy, the band a t  1 186 cm-1 reported 

Calculated under the assumption that the corresponding band is due to a Raman- 
e The average value of the 

{ 
3 j, 2 (4.2) d 
2 f 2  { 

in ref. 1 being due to a misprint. 
active mode (see text). 
Y~,,,(CON) triplet was considered. 

Ir Cf. ref. 2. 
d Calculated on the point-mass model and using the Teller-Redlich rule for Flu. 

TABLE 2 
Raman and i.r. spectra (cm-l) of [Zn(NH,),]I, and [Zn(l5NH3),]I2 

Raman a 1.r.a 

[Zn(NH3)4] Iz [Zn("NH3)o] 1% Av [zn(NH3)4lIz ' [Zn("NH3)41I2 Av 
I A * I A > 

%qro(NH) (E,  F2) 3 290vw f 3 3 290 f 3 ? 3 288s f 2 3 286 f 2 2 f 4  
vwrn (NH) ( A  3 3 234.5s f 0.3 3 231.5 f 0.5 3 f 0.8 3 227w f 3 3 225 f 3 2 f 6  
vwm C") t F z f  3 197vw f 5 3 197 f 2 ? 3 177wf 3 3 176 f 3 I f 6  
2SaE,(HNH) ? 3 151.2m f 0.3 3 147 f 1 4.2 f 1.3 3 145w & 3 3 143 f 3 2 j r 6  

675 f 2 { 1 3 f 4  690vs & 0.5 684 f 1 { 6 $ 1.5 

&eym(HNH) (FJ i' 1 73Ov.w f 2 ca. 1 730 ? 1700vw & 5 1 700 f 5 

GWYln(HNH)(EJ li;2) 

s8W(HNH)(A,J '2) 

P~(NH~) (E#F ,~FA { 2 { 605 & 2 6 f 3  { 610(sh) & 5 { 610 f 5 
vsyrn(ZnN) ( A  1) 431.2s f 0.3 419.5 f 0.3 11.7 f 0.6 

vasym(ZnN) (F2) 411.5m f 0.3 401.3 & 0.3 

&lym(NZnN) (E) 156.5m & 1 

Lattice 94m & 2 

1615w f 3 { 1 600m f 2 
1286m f 1 { 1242m f 1 

1615 f 2 
1596m Ifr: 1 1596 j ,  1 ? 
1255m f 1 1250.5k 0.5 4.5 & 1.5 { 1239.5~s  f 0.5 (1 234.6 f 0.5 4.9 f 1 

10 & 0.6 

{ 9.6 0.6 
160m f 2 

70m f 2 
{ 146m-wf 2 { '16906; { &m(NZnN) ( F 2 )  

a For further details see text. b Cf. ref. 1; the N-H stretching frequencies reported therein were recorded for CsI pellets. 

on a Perkin-Elmer IR 180 spectrometer, Raman spectra on 
a Coderg PI30 spectrometer using a Kr+ laser from Spectra- 
Physics (excitation line 6 471 A). The instruments were 
calibrated .with water VaPour and Plasma lines> 
respectively. 

RESULTS AND DISCUSSION 

equal within the error limits. This is also true for the 
1H-2H shifts.2 If one tentatively assigns the i.r. bands 
of [Co(NH,),]C1, at 498 and 449 Cm-1 to Raman-active 
Ax, and E, modes, respectively, the isotope shifts of 
these bands can be calculated on the basis of the point- 
mass model. As can be seen from Table 1, measured and 

G. Brauer, ' Handbuch der Prgparativen Anorganischen 

4 K. Nakamoto, J. Takemoto, and T. L. Chow, Appl .  Spec- 
Chemie,' 2nd edn., F. Enke, Stuttgart, 1962, vol. 2. 

troscopy, 1971, 25, 352. 

H, Siebert and H. H. Eysel, J. Mol. Str.ucture, 1969, 4, 29. 
6 T. W. Swaddle, P. J.  Craig, and P. M. Boorman, Spectmchim. 

A d a ,  1970, A26, 1559. 
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strongly support the assignment of the triplet to the 
components of V w m  (CON) (Flu). 

Our i.r. and Raman data for solid [Zn(NH,),]I, and 
[Zn(l5NH3),]I2 are in Table 2. (In the following dis- 
cussion we refer to the frequencies of the former complex.) 
As can be seen from the Table, four Raman and i.r. bands 
occur in the region of the N-H stretching vibrations. 
By intensity considerationsone can assign themost intense 
Raman band at 3 234.5 cm-l to vsm (NH)(A,) and the 
most intense i.r. band at 3 288 cm-l to Vasym (NH)(F,). 
The former band possibly corresponds to the weakix. band 
at 3 227 cm-l (activated because of low site symmetry) 
and the latter to the weak Raman band at 3 290 cm-l. 
Analytical expressions for the F and G matrix elements 
indicate that vsp(NH) in A, and F, as well as v,,(NH) 
in E and F2 should lie very close together. Thus we have 
assigned the Raman band at 3 197 cm-l and the i.r. 
band at  3 177 cm-l to vsym(NH)(Fz). The two anti- 
symmetric N-H stretching frequencies may be accident- 
ally degenerate in the Raman spectrum. The lowest- 
lying bands are possibly overtones of 8aq,(HNH) modes 
increased in intensity by Fermi resonance. One of the 
weak bands may also be due to the Raman- and i.r.- 
forbidden Vasym(NH) (FJ mode. Whereas the Raman 
and i.r. bands at ca. 1 600 cm-l can be assigned to 8mym- 
(HNH) in E or F2, the very weak bands at  ca. 1 700 cm-l 
may belong to the inactive Fl deformation mode (cf. 
ref. 8). In the region of the asy,(HNH) modes both 
Raman and i.r. spectra showed a doublet. Since the 
isotope shifts of the Raman bands are clearly different 
from those of the i.r. bands, they cannot belong to the 
same species. The Raman doublet may be assigned to 
an A, and the i.r. doublet to a F, vibration. 

In the region of the rocking vibrations, two Raman and 
i.r. bands occurred. The 14N-15N shifts of the Raman 
bands were different, as were the shifts of the Raman 
and i.r. bands at approximately the same wavenumber. 
We suggest the following assignment: 688 (Raman) 
(E mode) ; 690 cm-l (i.r.) (F, mode) ; and 611 (Raman) 
and 610 cm-l (i.r.) (Fl mode). From the relative inten- 
sities of the two Raman bands at ca. 420 cm-l it is clear 
that the higher-frequency band corresponds to v ~ -  

(ZnN) (A,) and the lower to v,,(ZnN) (F2). The 14N-15N 
shifts of the two bands differed by ca. 1.5 cm-l. The 
i.r. spectrum showed three bands in this region. If one 
compares the shifts of the i.r. bands with those of the 
Raman it seems likely that the i.r. triplet can be assigned 
to the components of the i.r.-active antisymmetric 
stretching vibration. 

Force Constants.-If one considers the NH, ligands as 
point masses, as has been done by several authors, the 
order of the secular equations is reduced to n = 1 and 2. 

K. Shimizu and H. Murata, Bull. Chem. SOC. Japan, 1957,80, 
487. 

It is well known that the latter equations can only be 
solved by help of additional information. We have 
shown for a number of ammine complexes l s 2  that reason- 
able skeletal force constants for the Flu, F,, or E, 
eigenvalue problems can be calculated by using the metal 
isotope or the 1H-2H shift of v&ssm(MN). Table 3 con- 
tains the Flu skeletal force constants of hexa-ammine- 
nickel(11) and -cobalt(m) as well as the F ,  force constants 
of tetra-amminezinc(I1) obtained with the aid of the 
14N--15N shifts of vavm(MN) in Tables 1 and 2. The given 
error limits arise from the maximum measurement un- 
certainty of Av,,,(MN). In the case of the cobalt 

TABLE 3 
Skeletal force constants (mdyn A-1) of [Ni(NH,),]2+, 

[Co(NH3),I3*, and [Zn(NH3)J2+ 

(a) [Ni(NH3)612+ 

d ~ ~ ( ~ * N i - - ~ ~ N i )  0.87 f 0.02 0.18 f 0.03 0.15 f 0.01 0.90 
AVS('H-~H) 0.86 & 0.01 0.16 & 0.02 0.14 f 0.005 0.89 
AY~('~N-'~N) 0.88 f 0.02 0.20 f 0.03 0.15 f 0.01 0.90 

(b) [WNH3)J8+ 
i\~s('H-~Hj C 1.77 0.53 0.41 1.97 d 
Av3(14N-15N) 1.72 0.33 0.33 1.92 

A I J , ( ~ ~ Z ~ - ~ ~ Z ~ ) ~ * ~  1.39 f 0.03 0.19 f 0.07 0.10 f 0.02 1.51 f 
(4 EWNH3) d 2+ 

AV,('H-~H) ' $ 8  1.37 r f i  0.02 0.16 f 0.03 0.09 f: 0.01 1.60 f 
Av3(l4N-l6N) 1.41 & 0.02 0.27 If 0.08 0.12 f 0.03 1.62 1 

0 Cf. ref. 1. 6 Determined from the symmetry force con- 
stants and from the following Raman wavenumbers of [Ni- 
(NH3),I2: in aqueous solution: vssm(NiN)(Al,) 370 cm-l (ref. l) 
and v (NiN)(E,) 265 cm-l (this work). Average value of the 
triplet band. d Determined by using vSm(CoN) ( A  lg) and 
v(CoN)(E,) from ref. 6 (Raman spectrum of [Co(NH3),I3+ in 
aaueous solution). 8 Raman freauencies. f Determined bv 
u&g v,,,(ZnN)(kl,) from ref. 4 {Raman spectrum of solid 
P4Zn (NHJ 41 121. 

complex, no error limits are mentioned since the average 
values of the triplets were used. The inner force con- 
stantsf(MN), which are very useful for understanding the 
nature of the metal-ligand bonding, are also included 
in the Table. Comparison of the 14N-15N data with the 
force-constant sets determined by using metal-isotope 
and 1H-2H shifts as additional data (Table 3) reveals 
excellent agreement. This conformity can be taken as 
unequivocal proof of the applicability of the point-mass 
model in conjunction with accurately determined isotope 
shifts. 
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