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Fourier transform infrared (FT-IR) spectra recorded at room temperature (RT) and at the boiling
temperature of liquid nitrogen (LNT), as well as Raman spectra recorded at room temperature for the cu-
bic polymorph of magnesium cesium arsenate hexahydrate (MgCsAsO4-6H20) and its partially deuterat-
ed analogues, were interpreted with respect to the normal modes of the water molecules and the arsenate
ions and water librations. The spectral characteristics of MgCsAsO4-6H,0 were compared to the cubic
form of the phosphate analogue. A spectral similarity between the two isostructural salts was established,
except for the obvious differences due to the nature of the anions (AsO,* vs PO,%). The spectroscopic
data for the uncoupled OD stretching mode of the matrix-isolated HDO molecules revealed that the hy-
drogen bonds formed in the arsenate salt were stronger than those in the phosphate. In the Raman spec-
trum of the protiated compound, only one very intensive band at 811 cm™ was observed in the region of
the stretching vibrations of the AsO.% ion, which was insensitive to deuteration. In accordance with the
expectation, one band appeared in the same spectral range in the infrared spectra of the protiated and
highly deuterated sample at 792 cm~and 810 cm™2, respectively, which can be attributed with certainty to
the asymmetric stretching vs(AsOs4) modes.

Keywords: magnesium cesium arsenate hexahydrate; cubic; infrared spectra; Raman spectra;
difference spectrum

NH®PAIPBEHN 1 PAMAHCKHN CIIEKTPU HA KYBUYHATA ®OPMA
HA MATHE3UYM HE3UYM APCEHAT XEKCAXUJIPAT

Oypueosure Tpanchopmupann undpanpsenn (FT-IR) cniektpu cHuMeHH Ha coOHa TeMrepaTypa
(RT) u Ha Temneparypara Ha Bpueme Ha TedeH a30T (LNT), kako 1 paMaHCKHTE CIIEKTpH CHUMEHH Ha cOOHa
TeMIepaTypa 3a KyOuueH nojuMopd Ha MarHesuyM ne3uyM apceHat xekcaxunapar (MgCsAsO,-6H20) u Ha
HEroBUTE JIEYMHO ACyTepUpaHH aHajo3u, Oea MHTEPIPETUPAHU BKIY4yBajKH I'Md HOPMAIHHUTE MOJOBU
Ha MOJIEKYJIMTE BOJA, Ha apCeHaTHUTE jOHH M Ha JMOpauuuTe Ha MoJjekynute Boja. CrekrpaiHuTe
kapaktepuctuku Ha MQCsAsO,4-6H,0 Oea criopeayBanu co KyomuHata ¢opma Ha (HochHaTHHOT aHAJIOT.
Berre HajneHa roseMa CrieKTpanHa CIMYHOCT MOMery JIBETE M30CTPYKTYPHHU COJIM, OCBEH BO JIEJIOT KOj ce
JIOJKM Ha pas3jMKuTe nopaau npuposaara Ha aHjorute (AsOs% vs PO4*). CriekTpOCKOIICKHTE TOAATOIHM
3a HecriperHature OD BaJleHTHH MOOBHM Ha MaTpuyHO n3onupannte HDO monekynu nokaxyBaaT aeka
BOJIOPOJIHUTE BPCKH (DOPMHUPAHHU BO apCceHaTHATa COJI Ce MOCUIIHM 0Of oHue BO (ocharHHOT aHanor. Bo
PaMaHCKUOT CIIEKTap Ha IMPOTOHUPAHOTO COEANHEHHUE, BO 00JIacTa Ha BAJICHTHUTE BUOPANK HA JOHUTE HA
AsO4*, e 3abenexana caMo €Ha MHOTY MHTEH3MBHA JieHTa Ha 811 CM?, Koja e HedyBCTBMTENHA Ha
Jeyrepupame. Bo cOrnacHoCT co oyeKyBamaTa, BO HCTHOT CIEKTpaJieH OIcer BO HH(QpalpBeHUTE
CHEKTPH Ha NPOTOHMPAHOTO M HA BUCOKOJCYTEPHPAHOTO COCIMHEHME CE I10jaByBa elHa JIeHTa Ha 792
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cm?u 810 cm™ coomBeTHO, KOja MOME CO CHTYPHOCT Ja C€ NPUITMILNE HA AHTHCUMETPHYHH BaJEHTHH

Mo0BH V3(ASOq).

Knyuynu 300poBH: MarHesmyM LE3MyM apceHAT XEKCaxXWapar; KyOwdeH; WH(paunpBeHH CIEKTPH;

paMaHCKH CIIEKTPH; TU(EpeHTEH crieKTap

1. INTRODUCTION

Struvite-type and related compounds with
the formula M'M'"X0QO4-6H,0 (M'= NH4, K, Rb, Cs
and TI; M"= Mg, Co and Ni; X = P and As) have
been studied in our lab for many years, mainly
from a spectroscopic point of view [1-14]. Gener-
ally, our investigations have been focused on the
members of the struvite-type family belonging to
the orthorhombic space group Pmn2; (C»’) [1-6,
8, 10]. Cesium-containing salts, however, crystal-
lize in two other crystal systems, cubic and hexa-
gonal [7, 9, 15, 16]. The building units in the three
structural forms are the same: [M"(H.0)s]** cati-
ons and XO4* anions are connected by hydrogen
bonds, forming a three-dimensional framework,
while the monovalent M' cations are located in the
voids of this arrangement. However, the difference
in the space group symmetries of the three struc-
tural forms imposes different sequences of the
close-packed layers of M', [M"(H20)s]** and XO,*
units, and these structural features have been de-
scribed by Massa et al. [15].

In our previous studies [7, 9] we have ana-
lyzed the vibrational spectra of the two forms of
MgCsPO4-6H-0, hexagonal and cubic. Continuing
the systematic study of the struvite series, here, we
report the results from the detailed analysis of the
infrared spectra recorded at room temperature (RT)
and at the boiling temperature of liquid nitrogen
(LNT), as well as the Raman spectra recorded at
room temperature for its arsenate analogue
(MgCsAsQO4-6H-0) and those of its deuterated ana-
logues. To the best of our knowledge, the vibra-
tional spectra of the deuterated analogues of this
compound have not been studied or reported.

So far, a cubic form of MgCsAsQ4-6H-0 is
only known in contrast to the dimorphic phosphate
analogue. MgCsAsO4-6H,0 crystallizes in the cu-
bic space group F-43m (T%) with Z=4 [17]. In
this context, the investigated compound is not, ex-
actly  speaking, isomorphous to  struvite
(MgNH.PO4-6H,0) as the general title of the se-
ries of papers implies. This compound is isostruc-
tural with the cubic form of MgCsPO4-6H,0 [15]
and FeCsPO4-6H0 [18]. Cs*, Mg?* and AsO+* in
the unit cell lie on the sites with Ty symmetry,
while water molecules occupy sites with Cy, sym-

metry. There is one crystallographic type of water
molecule that is trigonally coordinated and forms
strong hydrogen bonds with the oxygen atoms
from the arsenate anions (O1...02). With a dis-
tance of 260.5 pm, these hydrogen bonds are short-
er than those in the phosphate analogue (264.9
pm). What makes this system interesting and re-
markable is the fact that the crystallographic sym-
metry of both water molecules and arsenate ions in
the structure is the highest symmetry possible for
their point groups, Coy and Tq, respectively. Also,
the point group, which is isomorphous to the factor
group and space group, has a Tq symmetry as arse-
nate ions. Such structural features of retaining the
highest crystallographic symmetry of both water
molecules and arsenate ions are very rare in crys-
talline hydrates and deserves a thorough study
from a spectroscopic point of view.

2. EXPERIMENTAL

The synthesis of CsMgAsQ,4-6H,O was per-
formed at room temperature in a 50 ml laboratory
beaker by mixing 10 ml of each of the solutions
according to the following order. At the beginning,
the aqueous solutions of 0.1 mol dm=3 cesium chlo-
ride and 0.3 mol dm= disodium hydrogen arsenate
were mixed. Then, under constant stirring, a 0.1
mol dm= solution of magnesium sulphate was add-
ed in small volume portions and a precipitation
was observed. The pH value of this solution was 7.
At the end, with continues stirring, 0.1 mol dm3
aqueous solutions of sodium hydroxide were added
drop-wise up to a pH value of 9. The beaker with
the precipitate and mother liquor was sealed with
paraffin foil and left at room temperature (about
20°C). After the overnight recrystallization time,
the precipitate was separated by vacuum filtration,
washed with water, and dried at room temperature.

Partially deuterated analogues were obtained
by employing the same general procedure, but us-
ing H.O-D,0 mixtures as solvents with appropri-
ate compositions. The highest content of deuterium
in the samples was achieved using pure D,0.

Pressed KBr disks and mulls were used for
recording the infrared spectra at both RT and LNT.
FT-IR spectra were obtained using a Perkin-Elmer
System 2000 infrared interferometer. The variable-
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temperature cell P/N 21525 (Graseby Specac) was
used for obtaining the low-temperature spectra. To
get an adequate signal-to-noise ratio, 64 scans at
LNT were collected and averaged, while 32 scans
were sufficient at RT. All measurements were per-
formed with a resolution of 2 cm™*. GRAMS AN-
ALYST 2000 [19] and GRAMS 32 [20] packages
were used for spectra acquisition and management.

A micro-Raman spectrometer LabRam 300
(Horiba Jobin-Yvon) was used for recording the
RT Raman spectra of the studied compound and its
deuterated analogues at room temperature. It was
equipped with two lasers: a He—Ne laser operating
at 633 nm (6 mW power on the sample) and a dou-
ble frequency Nd:YAG laser at 532 nm (5 mW
power at the sample). A microscope Olympus
MPIlanN with a magnification of 50 and 100 was
used. The spectra were recorded with a resolution
of 2 cmand acquisition times between 10 and 40
s with 15-30 scans. The GRAMS ANALYST 2000
software package was used for spectra acquisition
[19] and GRAMS 32 [20] was used for spectra
management.

To check the identity of the synthesized
products, X-ray diffractograms of the powder sam-
ples were obtained and analyzed, which corre-
sponded to that reported for cubic MgCsAsO4-6H20
(PDF-98-026-0150) (Fig. 1). The X-ray powder
diffraction (XRPD) measurements were conducted
on a Rigaku Ultima IV powder X-ray diffractometer
(CuK,, radiation). Each studied sample was manual-
ly dispersed over a silicon sample plate, and the data
was collected at room temperature on a D/tex detec-
tor in the 20 range of 5-80° (scan rate = 2 °/min).
CuKa radiation was obtained from a generator set
at 40 kV and a current of 40 mA.

Intensity
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Fig. 1. Scattered intensities as a function of the diffraction
angle in the cubic form of MgCsAsO4-6H.0
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3. RESULTS AND DISCUSSION

The infrared spectra of the studied com-
pound, the cubic form of MgCsAsQO,4-6H20, rec-
orded at RT and at LNT and the Raman spectrum
recorded at RT are given in Figure 2 and Figure 3.
These spectra are very similar to those of
MgNH4AsO4-6H20 [5] and MgKAsQO4-6H,0 [10],
although they crystallize in the orthorhombic crys-
tal system.

Absorbance

4000 3400 2800 2200 1600 1000 400

Wavenumber/cm!

Fig. 2. IR spectra of the cubic form of MgCsAsO4-6H20 rec-
orded at LNT (lower curve) and at RT (upper curve) (offset
spectra are presented)

Raman Intensity

- I

4000 3400 2800 2200 1600 1000 400

Wavenumber/cm!

Fig. 3. Raman spectra of the cubic form of MgCsAsO4-6H20
recorded at RT

The assignment of the IR and Raman bands
in the spectra of the cubic form of MgCsAsO4-6H,0
and its almost completely deuterated analogue to
specific vibrational modes is given in Table 1.
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Table 1

Assignments of the vibrational bands in the IR spectra and Raman spectra of the cubic form
of MgCsAsO4-6H,0 with their estimated intensities?

0%D about 95 % D
IR spectra Raman spectra IR spectra Raman spectra Assignments
RT LNT RT LNT RT
3700 — 2000 3700 — 2000 3500 — 2200 related to
vs, br vs, br w, br v(HOH)
2750 — 1550 2750 — 1550 vs, 2600 — 2000 related to
vs, br br w, br v(DOD)
1950 — 1300 1950 — 1350 1900 — 1300 related to
m, br m, br vw, br 8(HOH)
1350 — 1000 1350 — 1000 around 1200 vw | related to
m, br m, br 3(DOD)
910s 920s L(H20)
840s 842s L(H20)
811 vs 810 vs v1(AsOa)
790 vs 792 vs 805s 810s v3(AsOa4)
610s 615s L(D20)
related to:
447 w 458 w 448 vw 439w 448 w 436 vw v(Mg-0) or
v4(AsOz)
405 w 395 vw v(Mg-0)
375w 374w v2(AsOas)
304 w 291w v(Mg-0)
254 vw 245 vw v(Mg-0)
213 vw 209 vw v(Mg-0)

3Estimated intensities: s — strong; m — medium; w — weak; v — very; sh — shoulder; br — broad; v — stretching; & — bending; L — libration

3.1. Internal vibrations of the water molecules

As mentioned above, there is only one crys-
tallographic type of water molecule in the structure
of the studied compound that occupies a position
with Cy, symmetry, and following the factor-group
analysis for the cubic form of MgCsPO,-6H,0 [9]
in the absence of a correlation field, three infrared
active and three Raman active internal modes (2A:
+ B1) are expected. Under the influence of the cor-
relation field, each A1 mode splits in (A1 + E+ F)
modes, while B: mode splits in (F1 + F2) modes.
The components with F, symmetry are infrared
and Raman active. Those with A; and E symmetry
are only Raman active, while the F1 mode is silent.
This means that in the latter case the number of
expected bands in the infrared spectrum would still
be three, whereas seven bands would be expected
in the Raman spectrum.

3.1.1. Stretching vibrations of the water molecules

In the region of the stretching modes in the
infrared spectra, a broad asymmetric and deuter-
ation-sensitive band appeared between 3700 and
2000 cm™ (Fig. 4). A broad band with much

smaller intensity was found in the Raman spectrum
(Fig. 3). The appearance of such a broad and inten-
sive band is characteristic for all IR spectra of
struvite, its analogues, and related compounds [1—
14], irrespective of both types of the crystal system
in which these compounds crystallize (orthorhom-
bic, cubic or hexagonal) and the number of the
crystallographically different water molecules
available in their structures (one, two or four water
molecules in cubic, hexagonal, and orthorhombic
crystal structures, respectively). In fact, this is di-
rectly related to the existence of strong hydrogen
bonds in the structures of these systems.

Having in mind that the one crystallographic
type of water molecule lays on the site with Cyy
symmetry, only one band is expected to appear in
the region of the isotopically isolated HDO mole-
cules. In the difference IR spectrum of slightly
deuterated analogues (approximately 4 % D), one
intense band appeared at 2249 cm™, but another
one appeared around 2160 cm (Fig. 5). This fea-
ture is very similar to that observed in the cubic
form of MgCsPQO4-6H,O [9], but in the arsenate
salt the intensity of the low-numbered band was
higher than that found for the corresponding band
in the spectrum of the phosphate salt.

Maced. J. Chem. Chem. Eng. 37 (2), 193-201 (2018)
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Fig. 4. Infrared spectra of the cubic form of MgCsAsO4-6H20
(lower curve) and its almost completely deuterated analogue
(upper curve) recorded at LNT in the region of the OH/OD
stretching vibrations and HOH/DOD bending vibrations
(offset spectra are presented)
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Fig. 5. Difference IR spectra recorded at LNT in the region
of the v(OD) vibrations obtained by subtracting the spectrum
of the protiated compound (cubic form of MgCsAsO4-6H20)

from the spectrum of the analogue with low deuterium content
(~4%D)

The high-numbered band is unequivocally at-
tributed to the uncoupled OD stretching mode of the
matrix-isolated HDO molecules. The comparison
shows that this mode appears in MgCsAsO4-6H,0
at lower wavenumbers than in the cubic form of
MgCsPO4-6H20 (2249 cm™ vs 2260 cm™ [9]), and

Maced. J. Chem. Chem. Eng. 37 (2), 193-201 (2018)

this is a spectroscopic evidence for the formation
of stronger hydrogen bonds in the arsenate than in
phosphate salt. This fact is in accordance with both
the shorter hydrogen bond distance in arsenate than
in the phosphate salt (260.5 pm vs 264.9 pm) and
the stronger hydrogen-bond acceptor ability of
AsO4* compared to PO4*~ [21]. Regarding the sec-
ond band in this region, in the case of the cubic
form of MgCsPQO4-6H-0, we have assigned it as a
result of second-order transitions involving mo-
tions of the HDO molecules, i.e. a combination of
O(HDO) and some HDO libration [9]. Given that
the studied compound is isostructural with the cu-
bic form of MgCsPO,-6H.0, meaning it has prac-
tically identical structural features, we can use the
analogous interpretation for the appearance of the
second band in this case as well.

3.1.2. Bending vibrations of the water molecules

In the region of the HOH bending modes in
the infrared spectra, one can see a complex and
deuteration-sensitive band with visible maxima
around 1745 cm™, 1550 cm™, and 1480 cm™ (Fig.
4), and again the spectral picture is very similar to
that obtained for the cubic form of
MgCsPO4-6H20 [9]. In the spectrum of the ana-
logue with the highest deuterium content, these
bands appeared at 1262 cm™, 1161 cm, and 1117
cm™. It should be mentioned that factor group
analysis [9] predicts a single band in both cases:
absence or presence of correlation field effects. As
in the case of the other studied struvite compounds
and related compounds [1-10, 13], this complex
band/s can be attributed to the second order transi-
tions, interactions of the Fermi resonance type (in-
teractions of overtones of lower frequency modes
with 8(HOH) vibrations), or to coupling with low
frequency modes of the lattice.

The deuteration-sensitive bands that appear
at around 2400 cm in the spectrum of the protiat-
ed compound and the corresponding bands in the
spectrum of the compound with the highest deuter-
ium content are found at around 1800 cm, have
been assigned as result of second-order transitions
between H,O bendings and some water librational
modes, as in the case of the other struvites and re-
lated compounds [1-10, 13].

3.2. External vibrations of the water molecules

Following the factor-group analysis [9], only
one band for each of the rocking and wagging
mode is expected in the infrared spectrum (twisting
mode is IR inactive), whereas one band for each of
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the three librational modes is expected in the Raman
spectra. With respect to the stretching v(Mg—O)
mode, without a correlation field the theory gives
one band in the Raman spectra and three bands
considering crystal field splitting. On the other
hand, only one band from the v(Mg—O) modes is
predicted in the infrared spectra, even in presence
of the resonance field.

The assignment of the bands due to libra-
tional modes of the water molecules in the vibra-
tional spectra of crystal hydrates has been carried
out by many authors [21-24]. In spite of that, no
specific certain are suggested for their exact de-
termination. Even so, the method of the H,O/D,0
and H,O/HDO isotopic shift of the bands due to
librations in the vibrational spectra [25, 26], as
well as the method based on measurement of the
intensities of the bands due to librational modes of
the water molecules [27, 28], have been demon-
strated as most relevant.

Assignment of the bands from librations of
water molecules has been carried out according to
their shape, intensity, negative temperature coeffi-
cient, and the changes observed at different de-
grees of deuteration. Comparing the infrared spec-
tra of the protiated compound recorded at RT and
LNT (Fig. 6), as well as the spectra of the partially
deuterated analogues (Fig. 7), the bands at 920 cm
and 842 cm can be, with high certainty, attributed
to librations of water molecules. The high frequen-
cies of the H,O librations are in accordance with
the structural data for existence of strong hydrogen
bonds involving water molecules. We have as-
signed the corresponding bands observed at similar
frequencies for the cubic form of MgCsPO4-6H,0
as a result of the rocking (higher frequency one)
and wagging (lower frequency one) modes [9]. In
the IR spectrum of the analog with the highest deu-
terium content, two bands were expected due to
librations of the D,O molecules. However, we
were intrigued to observe only one new intensive
band at 615 cm™ in the spectrum that can be as-
signed to D,O librations. The calculated factor of
the H,O/D,0 isotopic shift of the bands from libra-
tions was 1.49 (rather high value) and 1.37, respec-
tively. This clearly indicates that the H,O analogue
of the band at 615 cm™ is the one at 842 cm™. So,
there is no visible band that would be a result of
D-0 rocking modes. It should be noted that such a
band has been observed in the spectrum of the ana-
logue of the cubic form of MgCsPO4-6H.O with
the highest deuterium content, but this band is with
very low intensity [9].
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Fig. 6. IR spectra of the cubic form of MgCsASO4-6H20
recorded at RT (lower curve) and LNT (upper curve) in the
region of the HOH external and AsOa internal vibrations
(offset spectra are presented)
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Fig. 7. IR spectra of partially and nearly fully deuterated
analogues of the cubic form of MgCsAsO4-6H-0 recorded
at LNT in the region of the HOH external and AsO4 internal
vibrations (the content of deuterium increased from bottom
to top; offset spectra are presented)

On the other hand, in the spectra of the par-
tially deuterated analogues (Fig. 7), the band at 571
cm® can be assigned as a result of HDO librations.
Such bands have not been observed in the corre-
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sponding spectra of the cubic form of
MgCsPO4-6H,0 [9], probably because of the fact
that there is a band at 559 cm™ in the phosphate
compound as a result of the v4(PO4) mode that may
overlap these bands. In the Raman spectra of the
protiated compound and the spectra of the partially
deuterated analogues, similar for the cubic form of
MgCsPO4-6H20 [9], there is no band with visible
intensity in the region of the librational modes

(Fig. 8).
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y L 436344 291
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Raman Intensity

J LL 403375304
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Fig. 8. Raman spectra of the cubic form of MgCsAsO4+-6H20
(lower curve) and its almost completely deuterated analogue
(upper curve) recorded at RT in the region of the HOH
external and AsOqs internal vibrations
(offset spectra are presented)

3.3. Vibrations of the arsenate ions

As previously mentioned, the arsenate ions
in the structure of the studied compound occupy
sites with T4 symmetry, and the point group that is
isomorphous with the factor group of the space
group also has Tq symmetry. This means that the
correlation field has no effect on the vibrations of
the arsenate ions. Hence, in the infrared spectrum
one band for each vs and v4 mode of the arsenate
ions is expected, while in the Raman spectra four
bands are expected to appear (one for each vi, vz,
v3 and v4 mode).

In the Raman spectrum of the protiated
compound, only one very intensive band at 811
cm is observed in the region of the stretching vi-
brations of AsO.* ion, and it is insensitive to deu-
teration (810 cm™ in the spectrum of the highly

Maced. J. Chem. Chem. Eng. 37 (2), 193-201 (2018)

deuterated sample) (Fig. 8). Therefore, it is as-
signed to the symmetric stretching vi(AsO.) mode
(Table 1). In accordance with the expectation, one
band appears in the same spectral range in the in-
frared spectra of the protiated and highly deuterat-
ed sample at 792 cm* and 810 cm, respectively
(Fig. 7), which can be attributed with certainty to
the asymmetric stretching v3(AsO4) modes.

It is interesting to note that in the infrared
spectra of the deuterated analogues with 5, 25 and
50 % D, the band from the v3(AsO4) mode is addi-
tionally split, similar to that already found in the
cubic form of MgCsPO4-6H,0 [9]. We have ex-
plained this phenomenon for the phosphate ana-
logue as originating from the v3(PO,s) modes that
are in the vicinity of HDO or D,O molecules to
which the phosphate oxygens serve as proton ac-
ceptors. In this way, in the course of the H/D sub-
stitution, the ideal symmetric phosphate anions
"see" an environment with H statistically substitut-
ed by D. This destroys the ideal Tq symmetry of
that environment and the lower symmetry of the
environment is back-reflected on the symmetry of
the phosphate anions, which now vibrate in a force
field that is not of T4 symmetry anymore.

The band at 458 cm™ (Fig. 7) in the infrared
spectrum of the studied compound can be attribut-
ed to the asymmetric bending v4(AsOs) modes or
to Mg-O vibrations. In fact, with increasing deu-
terium content in the crystals (Fig. 7), this band is
shifted to lower frequencies and is observed at 448
cm™ in the spectrum of the compound with the
highest deuterium content. The appearance of a
single band in this region, the low frequency ratio
of the H.O/D.O isotopic shift (1.022), together
with the fact that no band from the v2(AsO.) modes
is expected in the infrared spectrum, confirms our
interpretation. A few deuteration-sensitive bands
are observed in the Raman spectrum of the protiat-
ed compound at 448 cm, 405 cm™, 375 cm, 304
cm?, 254 cm™ and 213 cm™ (Fig. 8). For the ana-
logue with the highest deuterium content, the cor-
responding bands are at 436 cm™, 395 cm™, 374
cm?, 291 cm, 245 cm™ and 209 cm™? (Fig. 8).
The band at 448 cm™ most probably originates
from va(AsOs) modes. The band at 375 cm™ is
practically deuteration-insensitive and can be as-
signed to symmetric bending v2(AsO.) modes,
while some of the others can be related to the Mg—
O modes.

4. CONCLUSION

The present paper provides new data on the
infrared and Raman spectra of the cubic form of
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MgCsAsO4-6H,0. The IR spectra of cesium mag-
nesium arsenate hexahydrate, as well as those of a
series of its partially deuterated analogues, were
recorded at room temperature and at the boiling
temperature of liquid nitrogen and analyzed with a
focus on spectra-structure correlations. The vibra-
tional spectra of MgCsAsO,-6H,O was compared
with those of the cubic form of the phosphate ana-
logue. Besides the obvious difference in the nature
of the arsenate and phosphate anions, the spectral
features of the two salts were very similar, thus
confirming their isostructurality. Analogous to the
cubic form of MgCsPO4-6H,O, in the low-
temperature difference spectrum of ~4 % deuterat-
ed arsenate salt, two bands were found out of the
expected bands due to the uncoupled O-D stretch-
ing modes of the isotopically isolated HDO mole-
cules. Regarding the second band observed at the
two salts in this region, we have assigned it as a
result of second-order transitions involving mo-
tions of the HDO molecules, i.e. a combination of
0(HDO) and some HDO libration. By comparing
the IR spectra in the region of external vibrations
of water molecules and internal modes of the arse-
nate ions of the protiated compound recorded at
RT (room temperature) and at LNT (liquid nitro-
gen temperature) and those in the series of the par-
tially deuterated analogues, an assignment of bands
due to librations of water molecules, v3(AsOa),
v1(AsQO,) and v2(AsO.) modes, was proposed.
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