g P No 1ye>

lNﬁTYTUT FIZYKI JADF!DWEJ
a W KRAKDWIE |

“'u.“"‘vilNSTlTUTE OF NUCLEAFR PHYSICS\
| - anccw s

REPORT No 791/PS

LOW FREQUENCY MOTIONS
OF WATER MOLECULES
IN CRYSTALLINE Li,S0O,-H,0 "

E. MIKULI, J. M. JANIK, G. PYTASZ, J. A JANIK, J. SCIESINSKI, J; g Lo
E. SCIESINSKA, A. MAZURKIEWICZ

KRAKOW



This report has been reproduced directly from
the best svailable copy

. PacnpcerpasneT:
HHOOPMALMOH N (PHTP O AZEPHON SHEPTIUM
npe YuoxwomouenuoM [Ipasureasrcrsa [IHP
no NenoaszoBanmnio fAaepHoli Jdepruv
Isopen KyneTypu i Hoywn
Bapuwasa, HNOREHA

Available from:
NUCLEAR ENERGY INFORNALTION CEVNTER
of the Polish Governmeat Commissioner for Use
of Nuclaar Energy
Palace of Culture and Science
Warsaw, POLAND

Drukuje 1 rozprowadza:
OSRODEK ILFORMACJII Q FNERGII J4DRCVEJ
Petnomocnika Rzadu d/g Wykorzystania ¥nergil Jadrous ]
Warszama, Palac Kultury j Wagki

Wydaije Instytut Fizyki Jadrowej

Naklad 590 ag» ,-Objgtobl»é ark. wyd 0.7 Ark 1

Nak 3z. - Objet . wyd, 0. <. druk.1+13 pga
elozenia maszynopiju przez autera 8.2.72 ' » Oddane do ,drult:z
16111972 ,Druk ukoczono Ill.1972 »ySP-09/250/66, Zam. nr 57/79



LOW FREQUENCY MOTIONS OF WATER MOLECULES IN CRYSTALLINZ

11,50, Hy0

DRGANIA SIECIOWE DROBIN WODY O NISKICH CZESTOSCIACH

W KRYSTALICZNYM Li 250 4 320

HUSKOYACTOTHAA AUHAMUKA MOAEKYA BOZW B KPMCTAIAMYECKOM

Lizso‘.nzﬂ

E. MIKULI, J,M, JANIK, G, PYTASZ
Chemical Institute of the Jagiellonian Univeraity,irakéw,

- JoA, JANIK, J. SciesIfiski
Institute of Nuclear Physice, Krakéw,

R. SCIESIfiSKA, A. MAZURKIEWICZ
Physica' Institute of the Jagiellonian University,Krakéw

Cracow

February, 1972



} 9 ¢

Low freguency lattice vibrations in Iithium
nulpﬁnte monchydrate were obtained using the INS, IR
and BS methods, They were intarpreted as lattice
acoustic vihrations of mzso‘.u,o orystal,

We suppose that it was poasible to obtain acoustic
vibrations by optical wmethods owing to the existence

(I/u

in the orystal lattice ot s orientational disoxrder of
water moleculus. (

Niskie csqstodoi drgad sigoiowych monchydratu
siarcxanu litu usyskeno metodemi: INS, IR 1 RS, Zosta-
iy one sinterpretowane jako istumo s drganiami skug~
tyosnymi sieol krystaliosne] maso‘.nao,

Wysunig¢to hopotesg, #e ewidencja drgad m-tyos-
nych mstodami spektroskopii optyczne] stala sig moAli-
wa dzieki istnieniu orientacyjinego nuupc‘:rsqdkwml
molekul wody w krysstale,



III

Husxine yacTOTH DPEMETOYHHX KOJEOAHWN MOHOrMZApPAT
cynsfara JauTHA Owiad noiayuyoHw MeTozoM HPH, UK, KP u
WHTEDNPETHPOBARH KAK 8KYCTUYRCKAE KONSOAHMA KpUCTANIH=
40CKOii pemeTkM. |

lpexnonaraeTcfi, YTO BHABICHUE AKYCTHUYBCHUX KOie~
.Gauuit MEeTOonaMu ONTHYSCKON CNeKTPOCKONKM, CTako BOIMOXE-
HEM OAarogaps cymedmnonaﬂmm OPHEHTHPOBOYHOrO Gecnopaaxs
MONeKyX BOZH B XPUCTAINE,



1. Iptroduction

Among crﬁstals containing water of crystallization,
ice and lithium sulphate monohydiate occupy?;xceptional
poaition, because of the specific situation of water
‘molecules in both orystaels. Namelyy there exist chains
of hydrogen boﬁds between water molecules and also two
types of lattice defects - orientational and ionic
(Fig. ia and b)., These faots are of primary importance
for the lattice dynamica and also for the electrical and
relaxationel properties of béth crystals,

In this paper we show the pozsibility of obtaining
by infra-ived and RBaman spectroscopy information concer-
ning aceustie vibratione in Lizsoi.nzo crystals, This
poseidbility arises hecause of the disordered structure
wiich oanciea the forbiddance of detsction of the
aocoustic type of motion in optical spectroscopy. It 1is
also possible that two quasi-particles are involved in
the photon abaorption or scattering process, thus
enabling a penetration of the whole Brillouin zone, not

only of the q=0 region,



2. Experimental

The wain part of the experisential manerial tor
L12504.Hzo and.L12804.D20 was obiained on the far inira-
red Grubb-Parsons interferomcter IRIS belounging to the
Institute of Nuciear Physies in Kralkéw, The wavehnumher
range covered by ithe measurements was 50 - 300 cm'i.
Samples were prepared in the form of a Nnjol mull and
placed hewween polyetiaylene plates. Measurements with
variodé couventrations of monohydraie i1n Nujel were made,
but only at room tewperatvme, Intesrfefugramns were
transforiaed to absorption vs, wave numbay duﬁendence by
using & fast Fourier trausrormatidn.prOgramme/i/ and the
ODRA~1204 computer., Several oxperimental runs were ma-~
de and a good reproducibility of results was obiained.
Additiorally, two measurcuwents «f absorption in far
infra~red, for L12504.H20 with two 1ndepéndent sampies,
were made for us by Mr., A, Beise at the Edward Davies
Chemical Laboratories in.Aberystwyth, U.K. on a Grubb-
Parsons cube iuterrerometer, also at roem teuwperature,
A comparison of ahsorption specira of Li 50, Hap and
Li,50,.2,0 at roughly the same concenfration in Nujol

(ca, 0,22 g/ml) is presented in Fig.‘z. Figure 3



pro“nfu sbscrption sposotra of uzso‘.nzo at various
conoenirations. Figure 4 preaents the Lizso4.nao
apootrun measured at the Bdward Devies Chemioal Labora-
tories,

The sec:id part of the experimental material
(only for mzso‘r.nzo) was obtained from a previously
uade neutron inelastic inookerent scattering experiment
(1INs) /37 o« Thess resulta, however, were now transfor-
mad into the phonon density spectrum g({) ). Its ocompa-~
rison with cor infrayred data is presented in Fig, 8.

The third pa.rt of the c:porimntal nmaterial may
only be treated as complementary to tho two preceding
ones. It consists of Raman npootra whichk were measured
on the Cary Model 81 spectrometer with a He-Ne laser
light source, belonging to the Chemical Institute of
the University of Oslo (Fig. 8).

3. Disoussion of results

) As msy be seen from Fig. 5 the two spsotra, the

far 1ntra=-roe one md the IINS one, are very sizilar,
eapeocially in thur lour frequency paris, The two
spectra have linnar nunborl or pnkl and their positions
ooinoido. We bonon ‘that the peaks correspond to

naxisa of phonon donluy oonnootod with translatory
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motions of water molecules, Arguments for such an
interpretation come from the relatively high imtensity
of neutron peaks, which inet'cprtainly be attridbuted

t0 the motions of hydrogen atoms, and also from the
neariideutity of the lesolnﬂoand Lizso;.nzo speatra,
as seen frem Fig, 2,

A great similarity of neutron and infra-red npectra
in the 50 - 120 om™} region leads us to the conclusion
that the corresponding peaks are connected with acoustic
phonons, This interpretation is at first sight shoc-
king. It is a vor& well known fact that infra-red and
Raman spectrogcopy are uﬁahle to give 1nformét1§n
concerning acoustic pﬁbnons because in the scatiering
process only the gm0 phonons may be involved, The ILINS
method may on the other hand penetrate the whole
Briliouin zone, '

Before we try to solve this parsdox, we should
note %hi&_ln a number of papers /3/,/4/,/5/,/6/,/7/’
the poesibility of detaotion of acoustic phonons in
interaction with photons was discussed, In hll‘ounos
this possibility was connected with varieus typea of
disorder in the orystal. .Whalley et a1,,/’/1/8/./%/
for instance, expla&n};n;cy;denénuot'ﬁhat they 1nt¢i-

pret as scoustic phonons in ice as being caused by the



existence of an oriemtational disorder of nzo molecules
in the ice lattice, The authors present a theory of
infra-red absorption by orientationally disordered
orystals; and prove that there are no selection. rules
forbigding photoﬁ interactions with acoustic phonons,
We now stress the fact tkhat im lithium sulphate
monohydrate thaere exists a similar open chain of mutual-
ly connected water molecules as in 100/10/'/11/. It 1s
therefore natural to assume in the L1,50,.H,0 orystal
a similar orientationgsl disorder of 320 molecules, We
are tempted to express this fact in terms of the Gosar
/12/ idea of correlated rotational interactions in ice,
Aocording to this i1dea there exists a quasi-particle
connected with correlated proton shifta. This quasi-
particle may alsc be treated as a transport of a
Bjerrum defect through the lattice, (Fig. ia). If such
a quasi-partiale indeed exists it may interact both
with photons and with acoustic phonoms, thus leading
to two quasi-particle light ahsorptior (or light scate
tering), not necessarily limited to the qu0 region. A
nipi;ar pioture ocould appear in connection with the trans-~

port ef the ionic defect through the lattice (Fig. 1b),



In summing up, we streas the fact of a great
similarity between the L12804.H20 crystal and ice,
In both crystals there exist oriemntational disorders
of Hao molecules leading to a violation of the restric-
tion which forbids the acoustic vibrations to be seen
in infra-red and Raman spectrescopy. It romqins an
open problem whether such orisentational disorders may
be correlated, thus leading to the existence of a
specific quasi particle in both orystals, Support for
such a picture may be the fact of a preferred prdton
conductivity in the direction of the 2, - axis in the .

L12804.H20 crystal, as measured by Thomas and clarklial.
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Fig. ia Transport of é Bjerrum defect through the
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chain, Proton i 18 shifted by rotation as

shown by the arrow and a hole remaine in its
previous position, This hole will soon be
ocoupied by proton 2 shifted rotationally from
the next hydrogen bond eto,

Transport of an-ionic defeet through the chain,
Proton 1 is shifted to the second egquilibrium
position of the hydrogen bond, This causes a
shift of the protoh in the next hydrogen bond
to a similar shift etec,

A comparison of infra~red absorption spectira

‘of L12804.320 and L12804.D20 measured on

the IRIS instrument, L12304.D20 spectrum is
elevated by one ln-T? unit in respect to
L1,50;H,0 one, Resolution 4 om ™,

Far infra-red absorption spectiun of Lizso4.n
at different concentrations measured on the
IRIS instrument,

50

Far 1nfra-réd absorption spectrum of L12504.H20
measured with two different samples on the
cube instrument, '

A comparison of far infra-red data aﬁd neutron
incoherent inelastic scattering data for

Reman spectrum of L12$0 .HéO in the low
frequency region, Arrows are pointing the peaks
connected with acoustic phomons,
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