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In the structure of [Cu(H;0),(bipy)]SO, the sulfate ions are
more distorted and the hydrogen bonds formed by the water
molecules are stronger than those in the structure of the
nickel analogue. These structural differences are reflected
in . the appearence of the infrared spectra of the two title
compounds. .

INTRODUCTION

The two title compounds are members of the isomorphous
series of compounds having the general formula
[M(H20)2(bipy)]RO4 where M may be Ni, Co, Mn, Fe or Cu, R is
S or Se (the tetrafluoroberyllate analogue of the copper
compounds has also been prepared [1]) and bipy stands for
2,2 -bipyridine. To the best of our knowledge, the crystal
structures have been determined in detail only for the
nickel [2] and copper [3] sulfate compounds (the structure
of the copper tetrafluorocberyllate analogue has alsoc been
solved [1]). It was found that these compounds crystallize
in the space group C2/c¢ with £ = 4 (but with only two
formula units in the asymmetric unit cell). All water mole-
cules, sulfate ions and bipyridyl ligands are crystallogra-
phically equivalent.

In view of our interest for simple and complex hydrated
compounds of the first-row d-elements, the vibrational spec-
tra of several members of the isomorphous series have been
studied in some detail. Other authors [1, 4-8] also give
some infrared data. Our results have not been published,
however, and those of the other authors are fragmentary and
not discussed in detail. This is why we decided to report
in the present psper some of our infrared datsa.

EXPERIMENTAL

The two investigated compounds were prepared following the
method cutlined by Tedenac and his co-workers [1-3] (it
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consists of slow evaporation of eguimolar alcoholic soluti-
ons of 2,2 -bipyridine and the corresponding metal sulfate).
The partially deuterated analogues were prepared by
evaporating the solutions of the protiated compounds in
H20/D20 mixtures of appropriate composition.

The infrared spectra were recorded from Nujol mulls (the EBr
method was alsc used for the nickel compound) on a Perkin-
Elmer 580 spectrophotometer. A VLT-2 variable-temperature
cell cooled with liquid nitrogen was used for the low-tempe-
rature measurments.

RESULTS AND DISCUSSIOR

The spectra of the two compounds are, in genersal, rather
similar (as expected for isomorphous compounds) but some
clear differences are also present. This is particularly
true for the regions of water stretching vibrations (around
3000 cm-1) and water librations as well as that of the
sulfate stretching vibrations (the region around 1100 cm—3%).

As seen in Fig. 1, two bands of moderate width are found in
the Hz20 stretching region of the spectrum of the nickel
compound (that at - lower fre-
/’ﬂ\ quency 1is overlapped with the

bands originating from £ C-H
. stretches of the bipyridine
. ligands), whereas several much
broader bands are observed in
the corresponding region of the
spectrum of the Cu(II) complex
In this latter case, namely,
broad bands (or shoulders) are
found around 2800, 2500 and
i 2250 cm-! in addition to the
band located in the spectral
region where the C-H stretching
appear as well. In their paper

]
y =3 [1] Tedenac et al. also report
3000 2000 cm two H20 stretching frequencies
Fig. 1. The Hz0 stretching region in the far the Ni(II) conpound, b‘Jt
spectra of [Cu(Hz0)a(bipy)]30s (a) fail to mention the bands below
el 08 DEORN e a8 2800 cm-! for the Cu(II) one.

The observed differences for the two compounds are not
unexpected. In the structure of the nickel complex, namely,
both hydrogen bonds formed by the water molecules are of
moderate strength (the corresponding 0...0 distances are
close to 273 snd 267 pm [2]) whereas one of the 0...0 sepa-
rations in the structure of the copper compound is shorter



265

(ecivse to 260 pa). inder such circumstances, one would
expect & considerabls ammount of vibrational decoupling of
the +two water stretching modes, the in-phase one being
essentially sireteching of the 0O-H group involved in stronger
hydrogen boncing. The sppsrence of several broad bands below
3000 em-% is, then, in line with the picture found in other
cases where hvdrogen bonds of similar strength are formed.

In the 0-D stretching region of the spectra of the analogues
of both compounds with a high deuterium content, only two
bands are fuoand in the region below 2500 cm-1 (Fig. 2).
Obviously, the conditions for vibrational coupling leading
to multiple bands in the spectrum of the protiated compound
are less favorable in the case of the deuterated analogues.
As expected, the frequencies of the corresponding bands in
the spectrum of the copper compound are much lower than
those for the nickel analogue.

2500 2100¢H"

Fig. 2. The O-D stretching region in the Fig. 3. The low-frequency region in the
spectra of [Cu(Hz0)2(bipy)]SOs (a) spectra of [Cu(Hz0)2(bipy)]SOs (a)
and of [Ni(H20)2(bipy)]S0s (b) and of [(Ni(H20)2(bipy)]S80s (b)

Wat | it

The differences in the strengths of the hydrogen bomds in
which the water molecules are involved are reflected in the
positions of the water librational bands as well (see Fig.
3).

In the spectrum of [Ni(H20)2(bipy)]S0Os« the librational bands
of water have (at LNT) frequencies close to 920, 785 and 575
cn-1 (the basis for the assignment is the pronounced tempe-
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rature sensitivity of the bands and their disappearence on
deuteration). The fact that three bands of librational ori-

gin are found, all of them with non-negligable intensity,
suggests a considerable mixing of the librational modes (the
twisting mode is symmetry-forbidden for water molecules with
Czv symmetry). Such a mixing is made possible by the 1low
site symmetry (Ci) of the water molecules (under the selec-
tion rules of the site group, all water modes become of the
same symmetry).

On the other hand, a more pre-
cise assignment of these bands

g is  impossible because of the
e éﬁly fact that the water molecules
belong to the rather peculiar
oy I type J of the classification of
Ferraris and Franchini-Angela
{71 (with the divalent ion
8iE situated approximately in the
direction of one of the 1lone
pairs around oxygen, the other

% *"1 such position being unoccupied;
' cf. Fig. 4). With a situation
o oty like this, namely, it is diffi-

cult to apply the criterisa
(derived from the model calcu-
lations of Eriksson and Lind-
gren [8]) for assignment of the
librational bands since strict-

on’y

Fig. 4. The surrounding of the water ly speaking the water molecules

molecules in the structure of . .

[Ni(H20)2(bipy)]SOa (after [2]) are neither trigonally nor tet-
rahedrally coordinated - the
cases treated by Eriksson and
Lindgren.

As for the copper compound, the assignment of the bands
around 850 and 870 cm-1 in the LNT spectrum to H20 1librati-
ons is straight-forward : they are both tempersature and deu-
teration sensitive. It should be noted that the above fre-
quencies are higher than those of the corresponding bands in
the spectrum of the nickel compound in line with the greater
strength of the hydrogen bonds in the former case. The
assignment of the band found around 980 cm-1 is somewhat
tentative mainly because of its much lower intensity compa-
red to that of the 820 em~1 band in the spectrum of the
nickel compound (Fig. 3).

Water bending region

In the spectrum of [Ni(H20)2(bipy)]S04 the whole region from
1800 to 1400 cm-1 seems to contain bands (probably broad)
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which dissappear on deuteration. On the other hand, in the
spectrum of the sample with the highest deuterium content,
several shoulders are observed at the high-frequency side of
the intense band which is due to the antisymmetric sulfate
several shoulders are observed at the high-frequency side of
the intense band which is due to the antisymmetric sulfate
stretches (Fig. 5), the band as a whole
being considerably broadened.

It would, thus, seem that the water
bending modes are involved in vibra-
tional intersctions leading to the sap-
pearence of several deuteration-sensi-
tive bands. Such a picture (sometime
much clearer than in the present case)
is observed in the spectra of other
compounds containing water molecules (or
NHa groups) with geometry leading to
anharmonicity of the vibrations and, as
a consequence, allowing vibrational in-
teractions of various kinds [9,10].

Wen © It should be noted that the analysis is
) _ complicated by the fact that numerous
oo ino,ulfate stretching hipyridine bands are present in the
uterated [Ni(H20)2(bipy)1S0« regions where the' bands due to H-0-H,
H-0-D and D-0-D bendings are expected to

occur.

Sultat i ’

The crystallographic data [1,2] show that the sulfate ions
are considerably more distorted in the case of the copper
complex than in [Ni(Hz20)2(bipy)]S0«. Some of the deformation
indices [11], namely, are for a whole order of magnitude
larger in the former than in the latter complex.

As expected, this is reflected in the infrared spectra. In
the spectrum of the nickel complex, the components of the
antisymmetric sulfate stretch are close together and give
rise to an intense but not very broad band centered around
1100 em-1. 1In the spectrum of the copper complex, on the
other hand, several bands associated with these modes are
found in the 1200 - 1000 c¢m-* region (Fig. 3).
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H3BOJA

HCIUTVBABE HA BUBPAIIHOHHTE CHEKTPH HA [IBA BHIHPHIMHCKH KOM-
IIEKCA : [HAKBA (2, 2° -BHIIRPHIMH) BAKAP (I1I) CVI®AT H
IHAKBA (2, 2° - BHITHPUIMH) HUKEJ (II) CVI®AT

Mupa TpnkoBcka M Bojas HonTpajaHoB

HHCTATYT 3a XeuMuja, I[IpHpOIHO-MaTeMaTH4YKH $aKkynTeT,
VHuBep3nTeT "Kupun ¥ Mertomuj", Cronje, Jyrocaasuja

Bo cTpyrTypaTa Ha [Cu(H,0),(bipy)iSO, cyndarTmuTe JOoHM Ce
nosere medopMUPaHH, a BOLOPOINHMTE BPRCKK oOpasyBaHH oL MOJe-
KYJHATE BOLa Ce MNOCHIHM OJOmTO BO COONBETHOTO COEIHHEHHEe Ha
HHKell. OBMe CTPYKTYPHM Pa3jiMKKA ce oZpa3yBaaT BP3 H3IrNeAOT Ha
uHOpanpBenuTe COEKTPM Ha [ABeTe M3YYyBaHM coelwHeHMja.



