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XI

Ło« frequency lattice vibrations la lithium

eulphate aonobydrate were obtained u*lng the IMS, IR

and BS methods. Vhey «are interpreted aa lattice

aoouetio Vibrations of LlgSO^.fi^O oryetal.

le suppose that it «as possible to obtain .aooustle

vibrations by optical methods owing to the existence

in the oryetal lattloo of u orientation»! disorder of

«ater mole culms. ( (ХМД/) ]

V
Niskie «satstotel drgań sieciowych aoaohydratu

slaroxanu l i tu usytkano metodami! INS, IR l RS. Zosta-

ły one zinterpretowane jako «sląsane s drganiami «Jrae-

tyosnyml s lecl krystallosnej LigSO.oHgO.

Wysunięto hopoteBf, i« evldenoja drgań aScustyos»

nyoh metodami spektroskopii optycznej stała się *oAli-

«a dsl«kl istnieniu orientacyjnego nieuporsadkovanla

molekuł «ody « kry•>tale.



III

Низкие частоты решеточных колебаний моногидрата
сульфата лития были получены методом НРН, ИК, КР и
явтврпреткровавы как акустические колебания кристалли-
ческой решетки.

Предполагается, что выявление акустических коле-
баний методами оптической спектроскопии, стало возмож-
ным благодаря существованию ориентировочного беспорядки
молекул воды в кристалле.



Among crystals containing water of crystallization,
0.1

ice and lithium sulphate nonohydrate occupy exceptional

position, because of the specific situation of water

molecules in both orystals. Namelyr there exist chains

of hydrogen bonds between water molecules and also two

types of lattice defects - orientational and ionic

(Fig. la and b). These foots are of primary Importance

for the lattice dynamics and also for the electrical and

relasation&l properties of bath crystals.

In this paper we show the possibility of obtaining

by infra-red and Banan speotroscopy information concer-

ning acoustic vibrations in LigSO^.HgO crystals. This

possibility arises because of the disordered structure

which oancles the forbiddance of detection of the

acoustic type of motion in optical spectrosoopy. It is

also possible that two quasi-particles are involved in

the photon absorption or scattering process, thus

enabling a penetration of the whole Brillouin zone, not

only of the q«0 region.
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2. E

The main part of the experimental material foi

Li2S04 .H20 and Li2S04.D2O was obtained on the far infra-

red Grubb-Parsona interferometer IHIs belonging to the

Inst i tute of Nuclear Physios in Kraków. The wave пикЪег

range covered by the measurements was 50 - 300 cm" ,

Samples were prepared in the form of a Nnjol mull and

placed between polyethylene platos» Measurements with

various content rations «T monohydrate .in Nujol лете made,

but only at room tempemtmc, Intez fefo'grains wore

transformed to absorption vs« wave number dbpendence by

using a fas t Fourier transformation progrrjiimo'^ ,aid the

ODRA-1204 computer* Several experimental rana wt-re ma-

de and a good reproduclbility of results was ob^^med.

Additionally, two measurements ; f absorption in far

infra-red, for Li2S04.H20 with two independent samples,

were made for us by Mr. A. Baise at the Edward Davies

Chemical Laboratories in Aberystwyth, U.K. on a Grubb-

Parsons cube interferometer, also at room temperature.

A comparison of absorption spectra of Li oS0 4 HLO and

L i2 s 04* S2° a t r o uehly the same concentration in Nujol

Coa. 0.22 g/ml) is presented in Pig. 2. Figure 3
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presents absorption spootra of LlgSO^.DgO at various

concentrations. Figure 4 present» the LigSO^.^O

spootrim Measured at the Bdward Davles Chemical Labora-

tories. '

The sect ad part of the experimental Material

(only for LlgSOj.HgO) «as obtained from a previously

made neutron inelaetlo incoherent soattering experiment

(IXHS) *a'. these results, however, «ere now transfor-

med into the phonon density spectrum g(0 )• Its oompa-

rison with gar infrarred data is presented in Fig» 5,

The tbird part of the experimental material may

only be treated as complementary tó the two preceding

ones. It oonslsts of Raman spectra ahloh were measured

on the Cory Model 81 epectrometer with a He-He laser

light source, belonging to the Ghemloal Institute of

the University of Oslo (Fig. в).

As may be seen from Fig* 5 the two speotra, the

far infra-red one and the IINS one, are very similar,

especially in their lower frequency parts* fne two

apeotra have similar numbers of peaks and their positions

oolnolde* We believe that the peaks oorrespond to

maxlna of phonon density connected witb translator/
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motions of water molecules. Arguments for such an

interpretation cone from the relatively high intensity

of neutron peaks, which must certainly be attributed

to the motions of hydrogen atoms, and also from the

near Identity of the Li2SO|H^)and LigS04.D20 speQtr*,

as seen frea Fig* 2.

A great similarity oi neutron and infra-red »peotra

in the SO - 120 си"1 region leads us to the oonoluelon

that the corresponding peaks are connected with acoustic

phonons. This interpretation 1в at first sight shoc-

king. It is a very «ell known fact that infra-red and

Raman spectroscopy are unable to give information

concerning acoustic phonons because in the scattering

process only the q«0 phonons may be involved. The I INS

method may on the other band penetrate the whole

Brillouin zone. ,

Before we try to solve this paradox, «e should

note iiiat m a number of papers /3/,/4/,/б/,/6/,/7/^

the possibility of deteotion of acoustic phonons In

interaction with photon» «as disousBed. In all oaees

this poseibility wai connected with various typee of

disorder In the orystal. lhalley et aJ,# tA/i/e/i/w/e

Cor inftttnee, explain III evidence of what, they inter-

pret ae acouetic phonona in ice as being caused by the
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existence of an orlentational disorder of HgO molecules

in the ice lattice* The- authors present a theory of

infra-red absorption by orlentationally disordered

crystals, and prove that there are no selection rules

forbidding photon interact!one with acoustic phonons.

We now stress the fact that In lithium sulphate

monohydrate there exists a similar open ohain of mutual-

ly conxteoted water molecules as in ice'* 0' 1' 1 1^. It is

therefore natural to assume in the LigSO^.HgO crystal

a similar orientations! disorder of HgO molecules. We

are tempted to express this fact in terms of the Gosar

' ' Idea of correlated rotational Interactions in ioe.

According to this idea there exists a quasi-partiole

connected with correlated proton shifts*, This quasi-

particle may also be treated as a transport of a

ВJerrurn defect through tfce lattioe, (Fig* la). If such

a quasl-partiole Indeed exists it may interaot both

with photons and with acoustic phonons, thus leading

to two quaei-partlcle light absorption (or light scat-

tering), not necessarily limited to the q-0 region. •

similar picture could appear in connection with the trans»

port of the Ionic defect through the lattioe (Fig. lb).
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In summing up, we stress the fact of a great

similarity between the LigSO^.KgO crystal and ice.

In both crystals there exist orientations! disorders

of Ho0 molecules leading to a violation of the restrio-

tion which forbids the acoustic vibrations to be seen

in infra-red and Raman spectrosoopy. It remains an

open problem whether suoh orientational 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 proton

conductivity in the direction of the 2^ - axis in the

LigSO^.HgO crystal, as measured by Thomas and Clark: * ,

Our thanks are due to Professor Hansel Davies and

to Mr, A, Baise from the Bdward Davies Laboratory in

Aberystwyth for their measurements on the oube inter-

ferometer. We also thank Boo* P. Klaeboe from tne

Chemical institute of the University of Oelo for his

kind help in enabling us to use the CABY 81 Model Raman

Spectrometer.
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Fig. la Transport of a Bjerrum defect through the

chain. Proton 1 is shifted by rotation as

shown by the arrow and a hole remains in Its

previous position. This hole «ill soon be

ocoupied by proton 2 shifted rotatlonally from

the next hydrogen bond eto.

Fig, lb Transport of an" i oni o defect through the ohain.

Proton 1 is shifted to the second equilibrium

position of the hydrogen bond. This causes a

shift of the proton in the next hydrogen bond

to a similar shift etc.

Fig. 2. A comparison of infra-red absorption spectra

of LigSO^HgO and LigSO-.DgO measured on

the IBIS instrument. LigSO^.DgO spectrum is

elevated by one In "& unit in respect to

LigSO^HgO one. Resolution 4 cm .

Fig. 3« Far infra-red absorption spectrum of Ll^SO^.DgO

at different concentrations measured on the

IRIS instrument.

Fig. 4. Far infra-red absorption spectrum of LloSOj.HnO
measured with two different samples on the
cube instrument.

Fig. 5, A comparison of far infra-red data and neutron

incoherent inelastic scattering data for

Fig. 6. Raman spectrum of LlgSC^.HgO in the low

frequency region. Arrows are pointing the peaks

connected with acoustic phonons.
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