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Four bands are found in the O-D stretching regiom of the in-
frared spectra of the slightly deuterated analogue of the
title compound. This fact and the existence of two bands in
the D-O-D bending region of the spectra of samples containing
isotopically isclated Dy0 molecules show clearly that two
types of water molecules forming non-equivalent hydrogen
bonds exist in the structure of magnesium malonate dihydrate.

INTRODUCTION

Kagnesium nalomate dihydrate was first prepared by Finkel-
stein as early as 1885 [1] aleng with other hydrates of
magnesium mnalonate. A number of other metal salts with the
same stoichiometry is known, some of them (those of Mg and
Mn) being orthorhembic (space group Pmab) while others are
monoclinic (e.g. the dihydrates of the malonates of Co, Ni
and Zn) [2].

The crystal structure of the title compound has not been
determined im detail (only the parameters of the unit cell
are given im [2]) but it is reasonable to assume that it
would be sanalogous to the structure [3] of Hn(mal).ZH20
(hereafter mal denotes the malonate iom, -00C-CH=2-COO0-).

Tao the best of cur knowledge, the only published infrared
data for Hg(mal).ZH20 sre those of Farago and Amirhaeri [4].
but they are limited tc the carbexylic stretching regiom.

In view of our interest im the vibrational spectra of hy-
drates of metal carboxylates (e.g. [5-7]), we decided to
study more closely the infrared spectrum of the title c:ﬂm:-
pound, paying special attemtion to the spectrum of water. '

The dihydrate of Mesnml malonate was prepared from nn@me-
sium carbonate suspended im water and an agusows selution of
malonic acid [4].
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The partially deuterated analogues were prepared by re-
crystallization of the protiated salt from Hz20/D20 mixtures

of appropriate composition.

The infrared spectra were recorded at room and liquid-
nitrogen temperature (RT and LNT respectively) on a Perkin-
Elmer 580 spectrophotometer. A VLT-2 cell was used for the
low-temperature measurments.

RESULTS AND DISCUSSION

Stretching bands of isotopomers of water

The RT and LNT spectra of magnesium malonate dihydrate are
shown in Fig. 1. As seen, two sharp bands (at 3520 and 3465
cm-1 at RT and 3520 and 3460 cm-1 at LNT) are present in the
O-H stretching region of the spectra. They are followed by a
rather broad feature composed of two broad and ill-resolved
bands at RT (the frequencies of the observed maxima are 3345
and 3260 cm-1) and of three components at LNT (3350, 3280
and 3245 cm—-1). As can be seen, the wavenumber values of the
components of the high-frequency doublet are practically
temperature-independent, whereas the remaining bands on
lowering the temperature shift considerably towards lower
frequencies.
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Fig. 1. RT and LNT spectra of Mg (mal).2H,0

The distribution of the frequencies is in agreement with the
expectations based on the possible isomorphism between the
isostructural masqgsium and  manganese compound. In the
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gtructure of the latter, namely, two types of water mole-
cules exist, each forming one weak and one stronger hydrogen
bond. The corresponding 0...0 distances in the structure of
Mn(mal).2H20, namely, are close to 284 and 280 pm and to 301
and 283 pm for the two non-equivalent types of Hz0 molecules
[3] (if the two compounds are indeed isomorphous, then a
similar manner of bonding is expected for the magnesium
compound as well). With such differences in the hydrogen-
bond strengths, it is expected that the two stretching modes
for each water type would be better represented as vibra-
tions of the individual O-H oscillators than as antisym-
‘metric and symmetric H20 stretches.

Whereas the frequencies of the bands follow our expecta-
tions, their number is somewhst surprising. The group theory
would, namely, predict splitting of each mode into three
infrared active components, but no observable splitting of
the two sharp bands exists. One is, then, inclined to be-
lieve that the three (or, perhaps, more) bands between 3400
and 3200 cm~! are due to-interactions of the fundamental
stretches with second-order transitions (overtones and/or
combinations) involving the water bending modes rather than
to factor-group components of the fundamental modes them-
selves.

The situation in the O0-D stretching re-
gion of the spectra of samples with a low
deuterium content is considerably sim-
pler. As seen in Fig. 2, namely, four
bands are found (both at RT and LNT) in
this region : two at higher (the LNT
values are 2620 and 2550 cm—1) and two at
lower (2440 and 2380 cm—1) frequencies.
Somewhat confusing is the intensity of
these four bands : that of the two high-
frequency ones is almost equal, whereas
the 2440 cm-1 band appears to be conside-
rably stronger than that at 2390 cm-1.
The combined intensity of the two bands

= = at higher frequencies, on the other hand,
2800 2600 2400 cm appears to be closer to the combined
intensity of the two bands at lower fre-

Fig. 2. The O-D stretch- quencies. No completely sattisfactory
1:%?§?:;&§T£T explanation of this rather curious fact
Hg (mal) . 2H,0 can be given at this time although some

sort of isotopic effect may be suspected.

If the above-mentioned unusual distribution of the intensi-
ties in the case of the magnesium compound is ignored, then
the frequencies of the bands in this region may be used to
estimate the Ow...0 distances in the structure. To do this,
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one may use the relationship between the 0-D frequencies of
isotopically isolated HDO molecules and the Ow...0 distances
derived by Berglund, Lindgren and Tegenfeldt [8]. The values
thus derived are 288.3, 281.2, 277.4 and 273.8 pm for the
four Ow...0 separations, corresponding to 0-D frequencies
equal to 2620, 2550, 2440 and 2380 cm— 3.

As far as the 0-D streching region is ccncerned, one further
point should be mentioned. As seen in Fig. 3, namely, the
increase in the deuterium content does not produce any
significant shift in the position of the bands in _this
region or, for that matter, appearence of new bands. This,
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Fig. 3. LNT spectra of protiated and partially deuterated Mg(mal).2H,0

of course, means that not only the O-H and O-D oscillaters
within the HDO molecules but also the two 0-D oscillators of
the D20 molecules are practically completely decoupled. A
similar conclusion, it should be recalled, was made on the
basis of the analysis of the O-H stretching region as well.
Even in the spectra of samples with high deuterium content
the 2440 cm-! band remains the strongest one in the whole
region but the differences in the intensity are much less
than in the case of the slightly deuterated analogues.

The analysis of the H-0-H bendings of the two non-equivalent

types of water molecules is complicated by the fact that in
the region where the corresponding bands are expected to
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appear, intense bands due to the antisymmetric CO0 stret-
chings of the malonate ions are present. Still, the parallel
analysis of the spectra of the protiated compound and those
of the deuterated samples (Figs~ 3) shows that the intensity
of the band whose frequency is close to 1880 cm-! decreases
on csuteration. The whole feature centered around 1600 cm-1,
furthermore, . is much narrower in the spectra of the deute-
rated samples so that one or more further H-0-H bending
band(s) must be hidden here.

The region of H-0-D bendings provides very little informa-
tion. This region, namely, is dominated by the rather strong
and broad bands due to vibrations of the malonate ions and
there is no detectable difference between the spectra of
samples with varying deuterium content.

The situation the D-0-D bending region, on the other hand,
is much simpler. Two deuteration-sensitive bands are, name-
ly, found here (their freguencies being close to 1230 and
1200 cm~%), 1in agreement with the existence of two types of
water mclecules.

¥ater librations

Under the selection rules of the site-~groups of the two non-
equivalent types of water molecules (assuming complete iso-
morphism with the manganese compound), three infrared sactive
librations are expected for each such type. As in other
hydrates, these bands are expected to be temperature-sensi-
tive, their intensity and fregquency increasing &ith the
decrease of temperature. =

As seen (Fig. 3), it is impossible to locate all expected
librational bands. In fact, the comparison of the RT and LNT
spectra of the protiated compound, on the one hand, and the
parallel analysis of the spectra of the protiated and deute-
rated compound, on the other, makes it possible to attribute
with certainty to water librations only the bands appearing
around 680 and 590 cm—* (LNT values) and, perhaps, also the
band around 465 cm~1. Since the effective symmetry of both
water molecules nmust be low, it is quite probable that
mixing of librational modes is present [9]. Under such cir-
cumstances, it is better to refrain from a precise assign-
ment of the librational bands.
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H3VUVBAEBE, CO MOMON HA HMHOPALIPBEHA CIIEKTPOCKOIMJA, HA CIEK-
TAPOT HA BOJA KAJ MATHESHVM MAJIOHAT IMXUOPAT ¥ KAJ HEDOBHTE
HENVMHO IEVTEPMPAHH AHATIO3BHM

Mupjana PucroBa M BojaH MonTpajaHoB

HucTUTYT 3a XeMrja, [IMP, VumeepszureT "Kupwi ¥ Meromuj®
Cronje, Jyrocnasmja

Bo O-D BaneHTHaTa o6lacT Ha MHOPAUPBEHWTE CIEKTP¥ Ha MarHesHyM
MajioHAT [MMXMOPaT CO HMCKa COIpVHA HAa IeyTepuyM BO o6paseunoT
HajleHW ce 4YeTHUPH JIeHTH WTO NOKaxyBa HEXa BO CTPYKRTYypaTa IoCTOjaT
IOBa THIlIAa MOJNEKYNM BOJA O KOM CeKoja ofpa3yBa HEeKBUBANEHTHWA BO-
AOPOIHY BPCKM. [Io MCTHMOT 33KIYYOK MOKE Oa ce HOoJjIe BP3 OCHOBA Ha
INOCTOEBETO Ha ABe JIEHTH BO obnacrTa Ha HedopMaimonwTz D-O-D Bubpa-
M. BO CHEKTPWUTE Ha o0pacli mMTO COMAT MSOTONCKM HM3oNMpaHu D,0
MOJIEKYJIA.



