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The IR and polarized Raman spectra of M2Cu(SOq)r . 6Hz0 (M = NH4 or K) and their deuterated 
analogs have been recorded and analyzed. The site locations for the SOi- ions in these crystals are 
found to be identical. These SO:- tetrahedra are angularly distorted. The vibrational bands of the metal 
aquo complex for (NH&CU(SO~)~ a 6HrO are shifted considerably from those for other Tutton salts. 
One can infer from the spectral data that the NH: ion is not rotating freely in the lattice. Separate 
bands have been identified for three different types of water molecules in both samples. This interpre- 
tation is confirmed by analysis of the spectral changes due to the replacement of hydrogen by deute- 
rium in the Hz0 units. 0 1989 Academic Press, Inc. 

Introduction Experimental 

Among the monoclinic double salts of the 
type M$V”(SO& . 6H20 (MI and MI* are 
monovalent and divalent cations, respec- 
tively), the copper-containing Tutton salts 
are not exactly isostructural because the 
coordination numbers of some of the oxy- 
gen atoms bonding to NH: and K+ ions are 
different (I). Also, an earlier investigation 
reported that the arrangement of water mol- 
ecules about the central copper ion in 
(NH&Cu(SO& . 6H20 differs from the 
general pattern for this series (2). IR and 
single-crystal Raman studies have been 
conducted for these compounds in order to 
understand the difference between the vi- 
brational modes of (NH&Cu(SO& * 6H20, 
K2Cu(S0& * 6Hz0, and other Tutton salts. 

Single crystals used for the present inves- 
tigation are grown by slow evaporation of 
equimolar aqueous solutions of A.R. grade 
CuSO4 * 5H20 and i&SO4 (M = NH4 or K) 
at room temperature. Partially deuterated 
samples are obtained by repeated crystalli- 
zation of solutions of the corresponding 
samples in pure D20. A Spex Ramalog 1401 
double monochromator equipped with a 
Spectra Physics Model 165 Ar+ laser has 
been employed to obtain the Raman spectra 
in the Stokes region of the green line (514.5 
nm). The IR spectra have been recorded 
with a PE 580 spectrophotometer using a 
Nujol technique. 

(NH&Cu(SO& * 6Hz0 and K2Cu(S0& . 
6H20 belong to the monoclinic system with 
space group P2,/a (C&J (Z = 2) (2, 3). 
Group theoretical analysis predicts 234 and * To whom correspondence should be addressed. 
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186 normal modes (including three acoustic 
modes) for NH&u and KCu, respectively. 
They are distributed as 

IYE?‘” = 57A,(R) + 57&(R) 

+ 60AJIR) -t 60B,(IR) 

and 

I$? = 45A,(R) + 45&(R) 

+ 48A,(IR) + 48B,(IR). 

Internal Modes of SOi- 

The ion occupies a lower site symmetry 
Ci in both (NH&Cu(SO& * 6H20 and 
K&u(SO& * 6H20 crystals. As a result, 
the IR-inactive ~1 and v2 modes may be- 
come active, and the degeneracies of ~2, ~3, 
and v4 modes may be removed. For both 
crystals, vl(A1) modes are found to split 
into two components in their Raman spec- 
tra. However, in the IR spectra, only one 
band is observed at 975 cm-i for (NH& 
cU(so4)2 * 6H2O whereas K2Cu(SO& * 
6H20 possesses two bands in this region. 
As the correlation field splitting is usually 
large for hydrogen bonded systems (4), the 
observed splittings rule out the possibility 
of the existence of two types of SOf- ions in 
K&u(SO4)2 * 6H2O crystal as suggested 
earlier by Gupta et al. (5). The splittings for 
both crystals are due to a correlation field 
effect. The partial or complete lifting of the 
degeneracy of Q(E), v,(Fz), and v4(F2) 
modes in the IR and Raman spectra is due 
to a crystalline field. The removal of the 
degeneracy of the bending modes in the Ra- 
man spectra suggests that the angular dis- 
tortion of SOf- is greater than the linear 
distortion. From the order of splittings in 
the IR spectra it is evident that the distor- 
tion is greater for the K2Cu(SO4)2 . 6H2O 
crystal. 

Internal Modes of [CU(H~O)~]~+ 

The vibrational assignments of this com- 
plex (see Table I) are based on the earlier 

normal coordinate analysis by Brown and 
Ross (6) and the observation of metal aquo 
complex bands for other Tutton salts (7,8). 
Appearance of multiple bands for ~4 (IR, 
Raman) and v5 (Raman) is due to the reduc- 
tion of the site symmetry of the complex 
from Oh to Ci. As a consequence of the 
strain produced by the crystalline field (9), 
v3 and v4 modes are found to be active in the 
Raman spectra. Comparing the spectra of 
(NH&Cu(SO& . 6H2O and K~Cu(S04)2 * 
6H2O, one observes that all of the bands of 
the complex are shifted to low wave num- 
bers for (NH4)2C~(S04)2 . 6H2O. This shift 
is due to larger Cu-Hz0 bond lengths (2). 
Because the bands due to the vibrational 
modes of the complex are weak and fall in 
the low wave number region, it is difficult 
to observe all of the corresponding bands 
for the deuterated samples. 

Internal Modes of Water 

The internal modes of water are identi- 
fied on the basis of H20 units involving 
three different hydrogen bond lengths 
[2.826 A (wi), 2.727 A (w2), and 2.683 A 
(w3)] in (NH&Cu(S04)2 * 6H2O crystal. In 
K2Cu(SO4)2 * 6H2O, the bond lengths are 
close to these values. In the Raman spec- 
tra, separate weak broadbands with fre- 
quencies shifted from their free state values 
have been observed for all of the modes for 
the three different types of water mole- 
cules. Due to the lower site symmetries of 
H20 and NH: ions in the crystal, vibra- 
tional interaction between the groups is 
possible in the high-frequency (3120-3440 
cm-‘) region. However, assignments of wa- 
ter bands are proposed with help from the 
spectrum of a deuterated sample (see Table 
I). The considerable shifting of the bending 
modes that is observed in both the Raman 
and IR spectra for (NH4)2C~(S0& * 6H2O 
indicates strong hydrogen bonding for wa- 
ter, probably stronger than that for ammo- 
nium ions, consistent with the crystal data 
(10). 



BRIEF COMMUNICATIONS 307 

Internal Modes of NH$ 

Internal modes of ammonium group are 
identified on the basis of their free state val- 
ues (II), their hydrogen bond strength, and 
their deuterium substitution. The appear- 
ance of IQ around 1400 cm-l in IR indicates 
moderate (probably weak) hydrogen bond- 
ing for this ion (12). It is the low polarizabil- 
ity and anharmonic force fields of NH: that 
cause the bands to be weaker and broader 
than the corresponding modes of SOi- ions 
even though they occupy similar types of 
sites (CJ in the crystal. From the presence 
of combination bands in the region 1750- 
2070 cm-* in the Raman spectra and at 2030 
cm-r in the IR spectra, one can infer that 
NH: is not freely rotating in the lattice 
(13). 

External Modes 

It is difficult to observe the translational 
modes of the complex as they are strongly 
mass dependent. Also, the translational 
modes of NH: overlap with the internal 
modes of the complex in the region 150-225 
cm-l. Hence only the assignments of exter- 
nal modes of SOi- ion have been proposed 
(see Table I), taking into account the fact 
that the translatory modes are generally 
weak in the Raman spectra whereas the li- 
bratory modes will appear with appreciable 
intensity. 

Tntton Salts: A Comparison 

Comparison of IR and polarized Raman 
data of KzMg(SO& * 6H20 (7), (NH& 
A4(S04), . 6H20 (M = Zn, Mn) (Z4), (NH& 
Mg(SO& . 6H20 (8), and M$u(SO& . 
6H20 (M = N&, K) (see Table 1) shows 
that the SOf- tetrahedron is more angularly 
distorted in all of the compounds except 
(NH&Mg(SO& + 6H20. From the split- 

tings of the bending modes, one can infer 
that this distortion in different compounds 
is in the order K2Cu(S0& . 6Hz0 > (NH.& 
Cu(SO& * 6H*O > W-QMn(SOd2 - 
6H2O > (NH4)2Zn(S04)2 * 6H2O > K2 
Mg(SO& * 6H2O. The distortion in K2Cu 
(SO& * 6H2O iS to such an extent that the 
degeneracy of the v2 mode is completely 
removed in the IR spectrum. Combination 
bands indicate that the NH: ions are not 
rotating freely in the lattice of all four com- 
pounds. Bands of the metal aquo complex 
in (NH&Cu(SO& * 6H2O considerably 
shift from those of other compounds, indi- 
cating a difference in the nature of the Cu- 
Hz0 bonds. 
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