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INFRARED STUDY OF WATER IN CS3VClg-4H,0 AND Rb3V016 Lmzo

ViKtor Stefov, Bojan Soptrajanov and Viadimir Petrudevski
Institut za hemija, PMF, Univerzitet "Kiril 1 Metodij", SKopje

The appearance of iwo bands due to the O-D stretching ., .
vibrations o¢f isotopically isoliated HDO molecules in =~ '~
cthe . spectra of partialiy deuterated CszVClg-4H,0 are
not cinsistent with the preposed space group (Jammy for
this compound and wish the alleged existence of onlylii
one type of water melecules, the protons of whichi  forin -
“equivalent hydrogen Londs.
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The +two +*itle c¢onpounds - tricesium hlormL’czaaquavur}:i«A;'w
un(IIl) tetrachloride Cs3(VC12<HZO\4]CI4 (a nmuch simpler, altougﬁ
less informative formula CszVClg-4H,0 will be used hereaften). ~and,
its rubidum analogue were prepared and studied by McCarthy et,alp
(1], These authors determined the crystal structure of
CszVClg -4H0 and studied in detail the low-temperature crystail.
absorption spectra of the two title compounds and, 1in less. ..des
tall, their infrared spectra as well. T
The c¢rystal structure, however, was refined taking into accduht
only the non-hydrogen atome and should e considered as moederate-
ly reliable {(an R value of ©. 3 /-was.reported). The space groug
Iomm  was chosen, alihough groubs With lower symmetry (Imm ans
IZZ;; were alsae censistent with “the observed systematic absences
in thé:welssenberg photograpiis.. Since the positions of the hydro-
gen atoms were not determined, the orlentation of the :=water ,
mclecules was 1nferred takirng 1bto censideration the possibility
of formation of strong hydrogen bonds of the O-H.--Cl type.' AT
guch: bonds were assumed to be identical and thé o.--Cl-8istantes
.were reported to be 303 8 pm. ?}'\3VC-_. ‘4H30/ was .belleved [1). to be
150morphous with Cs Vi, “4H30. *

As mentioned, some infrared data [a list of wavenumber valugs for
the bands observed in thie spectra of the protiated and deutfrdLehl
samples at room temperature and a tentative a551gnnﬁnt)A{wer

given 1in Ref. 1. The infrared spectra were later reported 1n

mere detail in Ref. 2, where the Raman spectra were aiso: giverh-.«
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To complement and extend these studies, we decided to investigate
the spectra of the protiated compounds not only at room but also
at liquid-nitrogen temperature (RT and LNT hereafter). Also
studied were the spectra of samples with low deuterium content at
noth RT and LNT (no such studies were reported in either Ref. 1
or Ref. 2).
infrared §pectra of isotopically isolated HDO molecules is Known
to provide valuable information about the structural characteris-
tics bf,‘the water molecules in crystallohydrates, whereas the
comparisori of the RT and LNT spectra facilitates the assignment
of thgzwater librational bands. The results of such studies are
partlf reported 1n the present paper. These studies are,

essence, a continuatlcn of our previous investigations concerning

the gqua complexes of metal(III) halogenides [3-5) 1n which

stroné‘hydrogen bonds exist.

EXPER ITMENTAL

The crystals of Cs3VClg-4Ha0 and Rb3VCe -4H,O were prepared fol-
lowing-the procedure described in Ref. 1. The partially deute-
rated compounds were prepared in an analogous manner, using H,0-
D,0 mixtures (containing HC1/DCl) of appropriate composition.

The .infrared spectra were recorded at room and liquid-nitrogen
tempgratures (RT and LNT respectively) on a Perkin-Elmer 580
infrared spectrophotometer. Both CsI pellets and mulls in HNujol
were used to obtain the spectra. A VLT-2 cell, cooled with liquid
nitrogen’ was used to record the LNT spectra.

RESULTS AND DISCUSSION

The RT and LNT spectra of Cs3VClg-4H,0 are shown in Fig. 1{ and
those of RbsVCl, -4H,0 are given in Fig. 2. As seen, the two sets
of spectra are quite similar to each other in agreement with the
ected (1] 1somorphism of the two compounds. To be more pre-
the. isomorphism between the two compounds c¢an nct be rulled
& on this basis alone but further studies are required in order
to  ascertain the strict isomorphism between CsyVClg-4H,0 on the
onz hand and RoyVClg -4H,0 on the other.

LY

The frequencies o¢f the majority of the bands found in the RT
spectra - of the two conmpounds agree rather well with those repor-

ted by Michalska-Fong et al. [2

in”

Such a choice has been made since the stucdy of the /_WQ
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Fig. {. IR spectra of Cs;VClg-4H,C at RT (a) and LNT (b)

+Fig. 2. IR spectda of Rb4VC1, 41,0 at RT (ay and LNT sy

There 1s, nowever, a very important emission in both REE. "} and .
Ref. 2 - no mention was made of the broad bands appa.l entl y cen-

tered (at RT) around 12350 cm~! in the Spertra of the twt titlel”
compownds.  As seen in Fig. i and Fig. 2, 3, semec Of quite WeT1=":
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resoivad bandé having considerable 1ntznsity appears at LNT 1n-
&F the 1ll-structuwred features rresent at RT. Similar bands
but 3t somewhat lower frequencies, were found in the spectra of
AITi;-%H30 - [3) and also in those of Cs,CrClg-4H,0 (5], This re-
1 not be Q*R*uqsnd in the preqenu paper

The <GdSCUSSlon concerning the l.irational bands will aiso he
postpéried. it We shall simply mentilon that +he ¢ omparison of the RT
and LHT - spectra confirms the assignment [1,2)7 »f the bands a-
ArouUN@E3 TS0 and €10 em~! te water librations. It is not certain,
howevey.,”  that the weaK band at around 810 cm~! in the LNT spec-
trum 2 of " Cs;VC1lg-4H,0 or around 830 cm™! in the corresponding
spectHg s of Rb-VCl. -4H,0 indeed belong to the same librationa!l
nede dastthie nmuch stronger band at lower frequency.,
MoCZarshyrand nls ccllaporators., It 1s, namely, possikple that the
twisting mode (which 13 infrared inactive for a water moclecule
with -C3yt symmetry) has become active because of the Symmetry

+

lowering -

We zhal ITingtead concentrate our attention t¢ the O-D stretching
reglon of the spestrz of zamples with 2 low deuterium content and

to the région of H-O-H bending vibrations.

the fbrner‘region. as menticned, the O-D stretches of isotopi-
Y 18 lated HIEC molecules are exdpecied to appear. If the HDO
cales are indesd surrounded only Ly H,0 ones, then the number
thie number of different
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nele
5f C-I bands can supply information abou
nydrogenjaconn 1l the structure On the other hand, the study of
whe H»S~H,xbendlng region of the spectra of sanmples with: & very
nigh gree of deuteration {(alternatively, the region of D-0O-D

Dendiag ; i t%e spectra of samples witili low  dGeuterium content)

[77s : -
T S;ﬁﬁ_ihd‘ a»lUDS Fhout the numbper of structurally different

W O
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witer pwlecules 1in ihe structure.

st complicated Dy the
fact *hat 1n the corresponding region bands (due to second-order
transitions)  already €215t in the sproira of thie protiated <om-
oounds Fortunately, the bands originating from +he uncoupled O-D
sireiches of the HDO muwlecules appear in the region of a transmi -

a consequence, visible sven when thie

1re s Tsituation 1n the O-U stretchilige region 1s

Ss101 window aﬂd are} as
sarries contain not'mere than 5 ¥ deuterium (Flg. 2 and Fig 4).

AS mentloned above, according te the structural data (1), only
cne  type of water mole-vles (locat=d on a mirror plane) fortung
»quivaienit hydrogen bonds is e¥pected to he present ih  the

as claimed by

(7

w
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structure,
true, then in the spectra .{ partia.iy deuterated ({-5 % D) ana-.
logues only one band due to the C-I sztret-iiings of 1sotocha;ly

l8olated HDO molecules Qnould ayyear (ar ound oz* be]ow 2500 “m-'
dependmg on une rywogen pond sirength) Brd 2
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The expectaii‘ﬂs are ©otv horn ou* ;_{5WeV’éi~. ”'/‘x’.}” :en/ in ‘Flg, 15 e

stretching bands (1nstead Wi ne) arP found. ’I'ne frequ,enclfs “of

the componénts of the doublets are 2288 and 2278 cm™*t in- theicase.:-

of fhe cesium compound and 2288 and 2258 cm{

one !+he values
at LH’T) whereas the splitting in the former

~

Jl:iole only at LNT, the nu:h larger separaticn ¢f the twe oM -

Tne application ¢f group theoly shows that if this is .

o
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for the rubldiwb .. -

are taken from specira :“ecor‘d_e.d from Nujol I mid s T -
case 1is clea«m\y.,_;,ﬂ

ﬂentb
it poss_tble to discern the existence of two
at much higher temperatures (the consecutive spectral curves..ane, -~
recorded as the tenperature 18 lowered from RT to LNT);;“_

namely,

Fig. 3. Changes on cooling in the IR spectra cf Cs\3V016—4H20

(a,b) and RbzVClg-4H,D (¢,d); spectra of the protiated (a,g)

partly deuterated (I, d)
marked with arrows

Pt Ta T2 e
"L

JE PP - *hu certain that not all protons in £ither of | .t,l}é,_' two

compounds are equ;valent at least at low temperatuares.

=

The study of the H- O H béﬁdlng region, »~n the other hand, shows

that there is indeed one single type of water 'nolecules,
sase of the ppotlated compounds a doublet of bands exists ln earr'

species are shown. The OD stretchings. are .

In ‘rhe

“1n the spectrum of partially deuterated Rb,VClg -4H,0 makes, -
0-D stretching bands - - . -

e "l"
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T thé spectra shown in Fi1g. t and Fig. 2. As the deuterium con-

tent ih-the samples :s increased, however (Fig. 4), a whird band
appears in the transmission window hetween the components of the -
doublet. Tne intensity of this third band gradually increases and °°
onls T ai'single band (flanked by two very weakK satelites) is found"_"‘
1n "RHET zpectra o __tne aunost c‘ompletely. deuterated f‘onu.-oun__o.,sﬂ

insteadic

S
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Fig. 4 The &(HOH) bending region in the LNT IR spectra of proti-

ated- (1) and partly deuterated (2-4) CszVClg4-4H,0 (the deuterium-

¢content increases going from 2 to 4)

e L

I ¢ shg)uld be noted that the separation of the two factor-group
components 1s qu1+e Jarge {over 30 cm™1),

Anotner. poin'fg worth mentioning is the fact that not all axes of
the tlje_r‘mal elipsoid of the oxygen atom (calculated on the basis
of the bublished’ temperature factors) are real. This may be taken
as another .ndication of incorrectly determined crystal struc-
tune. _\,A sumlar si1tuation was encountered [5) 1n the case- of

(32 -—Clr Lt"l 0.

: getner, our experimental data are not in a complete
w Yy fhe conclusions drawn. .on cryst mlograpnx gru,mcLs

Var: S, rpavor.s nay lie behind the observed discrepancles. The
one wnich 1s easlest to taKe inte consideration 1s the incorrect
crnice ©f tpe space group.  As mentioned above, two other space

gripc  are possible and 1t is possible that one with lower sym-
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metry should hiave been chiosen instead. Trus, 1if the spave group
I222 1z the correct one, then there can be no mirror plane:pre- -

sent in the structure and the two O--:Cl hydrogen bonds formed- bywﬂ

the water pr‘otons need hot Dbe equlvalent - ' SRS ST

-f -2 ~f

f23s07 WY oo - ; 55 ¢
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The possmlllty of symmetry: »lower than assumnd has-beent riefly -
and not very explicitely mentloned in Ref‘ i where AT smald r‘l’mgm-
bic distortion was taken as a possibkle explanation of the olz:Qe;ﬁs-&_ui
ved iIinequaiity of the mtensnles in the polarlzed. crystal cpec—

tra recorded at two polarizations.” , gl

S

Such a noticn (that the actual symmetry is lower than thatl as-
sumed 1In Ref. 1) seems especially attractive for the c-"asg‘e of
Rb3VClg -4H,0 where the O-D stretching bands of 1so+..opic.a_11y__§ 180~
lated HDO moleculies are split even at room temperature. 1

At least for CTsiVClg-4H,0, an alternative explanation also, deser-
ves attention. It 1s, namely, po'sclble that a phase transition is
taKing place 1in the interval befween RT and LNT, -If this. lS true
for RDZVClg-4H,O0 as well, &hen the temperature of the- phaqe
transition must be much nJ.gher than 1n the case of CsgVClge 41-120

As seen, the two O-D stretching bands in the spectrum of the
slightly deuterated Cs,VCl.-4H,0 are almost coincident, ~indica-
ting a sirucure which may not he grossly different from that
described in [1]). The large ‘separation between the corresponding
bands In the spectrum of Rb3VClg-4H 0, on the other handy 1s.
indicative of more drastical differences in the hydrogen bond.
strengths so that the two compounds may not, after all, be
strictly isomorphous.

Another peint worth mentioning.is. the very 1 ow frequ{:nc?}”j ofE the-
0-D stretching bhands. sing the correlation curve pubiished by
MiKenda [6], frequenciles lower than 2300 cm~! would correspond to
O.--Cl distances shorter than 300 pm, I.e. much shorter than ré-
ported 1in [1], although even the reported O---Cl d_wtanceb are
indicative of quite strong hydarogen bonds. ¥

It would e interesting to have the structure of P53VC“16 4HO
rerefined and then compare the crystallographic and spectroscoplc
data in order to determine the reliablity of the spectra-strucure
correlations and/or maKe them more reliable. Before this is done,
it does not seem advisable to estimate the O---Cl distances™ 'in
Rb;VClg -4H,0 on the bhasis of the observed O-D frequencies. It is
safe to assume, however, that one of them 1& shorter than -in
Cs3VClg-4H,0. L : e
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POVZETEK
Viinfférdeéem spektru delno devteriranega Cs3VCl6.4H20 se
pojavita dva trakova, ki izvirata iz valenénih vibracij mo-
lekule HDO. Ta ugotovitev ni skladna s kristalografskimi ‘
podétki,,po katerih spojina kristalizira v prostorgkf skupini
Immm, molekule vode pa bi v njej tvorile ekvivalentne Qodi-

-

kove wvezi.
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