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The similarities between the infrared spectra of
the two title compounds indicate that structural
similarities exist as well.

It 1is known that sulfate and tetrafluoroberyllate compounds
of a given type could be isomorphous. However, the two title
compounds which are of the same overall composition and
crystallize in the same, orthorhombic, system [1-3] can not
be strictly isomorphous since the unit cell of ‘the tetra-
fluoroberyllate compound 1is, according to Tedenac et al.
[2,3], approximately four times that of the sulfate and,
correspondingly, the number of formula units in the unit cell
is also four times larger (16 and 4 respectively).

A parallel study of the infrared spectra of these compounds
was nevertheless undertaken hoping that the structural dif-
ferences between them are not large. Namely, if this is
indeed so, then from a spectroscopic point of view this pair
is quite suitable for such a study since the bands due to the
anion vibrations fall into quite different spectral regions
(for example, the very strong bands originating from the
antisymmetric stretches of the two anions absorb around 1100
and 800 cm—* respectively). This, on the other hand, means
that the bands due to the vibrations of the remaining
structural wunits (water and ammonia molecules) could be
detected even 1if they overlap with those originating from
vibrations of one of the two anions.

EXPERIMENTAL

The investigated compounds were prepared by adding an excess
of aqueous ammonia to an aqueous solution of copper(II)
sulfate or copper(IIl) tetrafluoroberyllate respectively (the
latter prepared from copper carbonate, beryllium fluoride and
hydrofluoric acid) and letting the resulting solutions to
crystallize slowly. The solution of the deuterated analogues
were prepared by recrystallization from deuterium oxide or
H20/D20 mixtures.
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The infrared spectra were recorded on a. Perkin-Elmer . .580
infrared spectrophotometer of sodium chloride pellets. A
parallel study of such discs and of mulls in Nujol and hexa-
chlorobutadiene, namely, showed no detectable differences
between the two sets of spectra. The more common method of
recording spectra of KBr discs was found to be inapplicable
since the samples reacted with the matrix.

RESULTS AND DISCUSSION

The spectra of tetraamminecopper(II) sulfate monohydrate,
recorded at room temperature (RT) and liquid-nitrogen tempe-—
rature (LNT) are shown in Fig. 1la, whereas the corresponding
spectra of the analogous tetrafluoroberyllate compound are
given in Fig. 1b. The similarity between the spectra of the

(b)

00 M 200 160 MO0 0 320 i0 B0 (o5 i)

MM 0 7500 2000 1 IS0 M0 30 100 200 600

Fig. 1. RT and LNT infrared spectra of tetraamminecopper(II) sulfate mono-
bydrate (a) and tetraamminecopper(II) tetrafuoroberyllate monohydrate (b)

two compounds, both in the X-H stretching region and in the
region of water and ammonia bending vibrations, is apparent
immediately. As seen in Fig. 2, the resemblance persists in

. ‘the X-D stretching region of the spec-—

tra of deuterated samples with a low

[ S deuterium content (the unmarked curve
(a) in this figure is the corresponding

part of. the spectrum of the protiated

(b) sulfate compound). All these spectral

similarities are indicative of struc-
tural similarities as well.

Thus, although the crystal structures
may not be identical (recall the re-
ported differences in the wunit cell
T ot parameters), the basic structural fea-—
) tures must be very similar, at least
Fig. 2. The I-D stretching region as far as the molecules of crystal
of the LNT spectra of the sulfate water and coordinated ammonia are
(a) and the tetrafluoroberyllate (b) concerned. Unfortunately, it is not

possible to verify such a conclusion
since for the tetrafluoroberyllate only the parameters of the
unit cell have been determined {2.31. the complete
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structure being still wunknown. As far as the spectra
are concerned, the only significant difference was found in
the region around 1400 cm—* where in the spectrum of the
tetrafluoroberyllate compound a band of non-negligable in-
tensity was observed, whereas only a shoulder is seen in the
spectrum of the sulfate. 1

In the spectrum of the sulfate, the lowering of the tempera-
ture produces significant changes in the regions where the
bending H-N-H and H-O-H vibrations are expected to appear.
Thus, the feature around 1650 cm—* is clearly split into at
least five components and several new bands develop also in
the 1300 cm—* region. Keeping in mind the unit-cell selection
rules, such a splitting is not unexpected.

At LNT, the band around 720 cm—® (assigned by Schmidt and
Muller (4] to the ammonia rocking modes) is also, as expec—
ted, split into several components but, surprigingly enough,
is not shifted towards higher wavenumbers to any significant
degree. On the other hand, the rather broad band which in the
RT spectrum appears around 555 cm~* not only becomes narrower
at LNT (Fig. 1la) but exhibits a negative temperature coefi-
cient (the shift towards higher wavenumber values, typical
for water librations, is in this case about 10 cm—* on going

from RT to LNT). All above-

mentioned bands are deu-

teration—-sensitive, seve—

ral new bands appea-—

ring at lower frequencies

(Fig. 3a). Particularly

worthwhile mentioning is

) the doublet centered around

() : , 450 cm—* which seems to

890 630 en’ 800 600 cn”? suggest that a band of
Fig. 3. The low-frequency region of the spectra librational origin may
of the deuterated analogues of the sulfate (a) overlap, in the spectrum of
and the tetrafluoroberyllate (b) the protiated analogue,

with that due to sulfate antisymmetric bending.

The situation in the case of the tetrafluoroberyllate
compounds is, in many respects, similar to that already
discussed. Here too the lowering of the temperature produces
(cf. Fig. 1b) splitting of some of the bands, as well as a
shift towards higher frequency and an increase in intensity
of the water librational band around 530 cm—* (in the RT
spectrum the corresponding band is quite weak and, were it
not for the spectrum of the sulfate, could be easily missed).
The rocking NHs modes give rise to bands appearing on the
low-frequency side of the tetrafluorcberyllate stretching
bands (around 720 cm-* and, perhaps, 680 cm~*; the latter
band may also be due to some water libration). Such a
conclusion is supported by the appearence of the spectra of
the deuterated compound (Fig: 3b) in which the corresponding
region is void of bands. Several new bands appear in the
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latter spectrum in the region from 1200 to 950 cm—* which, it
should be recalled, in the spectrum of the sulfate is domi-
nated by the sulfate stretching bands.

All the facts discussed above show, once again, the use-
fulness of the parallel study of the spectra of structurally
closely related compounds which differ in the nature of the
anions.
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U3BOA

HHOPAIIPBEHM CHEKTPH HA MOHOXWIPATUTE HA TETPAAMMUHBAKAP (II)
TETPAQIVOPOEEPWIAT U TETPAAMMHUHBAKAP (I1) CVIIQAT

M. TpnkoBcka, B, HonrTpajaHorB M Jl. AHApeeBa

HHCTUTYT 3a XeMuja, IIpuponHo-MaTeMaTU4YKU $arkyaTeT,
VHuBep3uTeT "Kupuan U Meromuj", Ckonje

WHOpaAaUpBEHUTE CHEKTPM Ha ABeTe H3y4YyBaHM COeAMHEHMja IoKa-
XyBaaT HH3a CIMYHOCTH. CHEKTPallHUTE CAWYHOCTM Ce TAaKBM MmTO
cyrepupaaT I'OJIEMHM CIMMHOCTHM ¥ BO CTPYKTypaTa, MakKap WTO OBETe
coemMHEHM ja MOXe6M ¥ He Ce CTPUMKTHO M30MOpdHM. VmTe emHam e
NOoKa¥aHO AeKa BO Claydyaj Ha M3OTUIHM COEAVHEHMja mMTO Ce pasiu-
KyYBaaT @O NOJHATOMCKHUOT AaHjOH MTO 'O COAPXAT, NapalellHoTo
u3ydyyBaBe Ha CIEeKTPUTEe NoMara NOJeCHO ZAa Ce JOouApaaT JeHTH
MTO NOTEeKHYBAaT OZ BUOPALUMTE Ha APYDUTE CTPYKTYDHH €JeMeHTH.



