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‘1.In‘tr'oduct-ion

Thiourea has been for several years the subject of many theoretical
and expemmental studles. The enormous 1nterest in thxs compound ‘is due
to its exceptxonal p051t10n among crystals dxsplayxng ferroelectrxc proper-
.t1es, it is a s1mple molecular crystal in the ferroelectrxc properhes are not
assocxated with the presence of hydrogen bonds. .

Measurements of the dielectric constant of SC (NHQ) as a function
of temperature, conducted by Solomon/ 1/ . G-oldsm1th and White 2 . and e
Freyman et al, 13l » have revealed the extstence of four anomahes in e
separating ﬂve crystallographxc phases:

1 - below 150°C - ferroelectrxc phase,

- between ~-105 °c and -97% - non- polar crystal
- between -97 C and 94 C - ferroelectrlc phase,

- between -94 C and - 71 C - non—polar crystal and

(& I N I N

- over -71° C - paraelectr1c phase.

The phase trans1txon at the temperature' -105°C. 1s, as revealed by
measurements of heat capacxty/ / , a trans1t1on of the first kxnd ‘The natu—,' A
re of the remaining phase 'transitions is unknown, )

The structure of the compound is known only for the phases 1. and 2
from roentgenograph.lc measurements /3, 5—8/ . At low temperatures the com-"
pound crystall1zes in the orthoromb1c system ( C2 , spax:e group) with -
four. plane molecules in the elementary cell, The molecules are - arranged
in two sublattlces rotated at a certain angle with respect to each other'
about the ¢ axis so that there arises an unbalanced electmc moment paral-
:lel to the b- ax1c. At room temperature the structure is also orthorhombl— .
'_ cal ( D2h space group) In the elementary cell there are four molecules k
arranged 1n two polar sublattlces ( w1th the d1rect10n on polarxty paralliel
“to the: b axls) set anhparal_lely so that their polarxtles become balan-

ced.
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The maps of t.he'dlstribut'lon of electric charge densit.ies, determmed '
by X-ray methods, evince considerable arusotropy of the thermal mot.lons i
of the molecules; the rotational v1brat10ns of molecules about the c axis
of the crystallographic system are much more hindered than for the other

directions. ’ ;

The dynamics of the atoms of SC(NHZ)zm solid state have been 1nve-'
stxgated by the nuclear resonance- method by Emsley and Smlth/ 9f. , by
“the -methods of o?;txcal SpeCtrOSCOpy, both Ra.man/ 10/ and absorptxon in
the infra- red/ 11,12/ , and by the dielectric method/ /

. Nuclear magnetlc resonance ( NMR) measurements imply that in the
vicinity of -63 °c there appear molecular mohons whilch cause a change
in the W1dth of the absorption line, On the basis of measurements ‘with a

.'thiourea smg,le crystal, Emsley and. Smith conjectured that motions are. tor—

i _,sxonal vibrations of the rigid molecules performed about the c-S bond

~ (twin axis of the ‘molecule), .

. Measurements of the optxca.l spectra of the compound have been

'lperformed only for the paraelectrlc phase (‘'stable in temperatures over
=71 C) for wave numbers\ greater than 250 ‘em’ 1 There are no data,

‘.\"however, for ‘the regxon of smaller wawe -numbers in which there are lines -

‘lmked w1th wbrahons of the crysial lattice comprising, among other things
the rotahonal nad translational vxbratxons of entire molecules,

Measurements of dielectric losses as a function of freouencv cor—
ducted by Freyman et al/ 3/ s reveal the exlstence of a broad band of
resonance absorption m phase 1 correspondln.g. to a. potentxal barrier of
" the- order 0.11 eV. '

The physlco— chemical prOperLles of the substance 1ndicate that the
phase ‘transitions should be due to the state of the rotation motlons of the rigid
molecules. Two theoretxca.l models explaining the electnc prOpertLes of
thxourea have been given so far. .

. According to the model proposed by Ca.lvo\l 13/ , the’ appearance
of several phases is assoclated with a gradual change in’ the degree
of a.hgnment of the molecules in the. crystal and transxtlon to phase 5‘
(paraelectrxc) is due to a change in the deg,ree of freedom oI torsional
vibrations about an axis- parallel to the c axis fo-the rigid molecule,.



On the other hand I—Ildeo Eutama/ / suggests ‘that this transxtion&-
consists - in the appearance of addltlonal potentxal wells, _whlle the degree :
of freedom  of tors1ona1 v1brat.lons of rigid molecules remains unchanged. '
As ‘no exper:ment has been. thus far performed which would permit direct
’ con.fu'matlon of the COnCIUS.lOnS stemming these . models, lt was resolved
to perform measurements inelastic scattermg of neutrons by SC( NH, ) in
the phases. af ferro- and paraelectric properties, Owlng to the Iarge
value - of the . inelastic neutron scattermg cross- section of protons,. and
fthe lack of sejection rules, the neuiron: method is particuarly well sulted )
for investigating the crystal lattice’ v1brations comprxsing vibratxons of

3

) protons

2; Experimental results and - dlscusslon

The measurements of inelas t1c scattermg of neutrons by SC(NI—I ) 2
’were performed with the tlme of ﬂ.lght spectrometer w1th Be—ﬁlter and Zn )
‘monochromator m front of the detector 1nstalled at the IB R, pu.lsed reac- k
tor of the. Jmnt Inst.ltute for Nuclear Research at Dubna / 14, 15/ ’fhe
studled substance in crystalllne form (deqree of pur‘ltv analvtlcal reaeent)v
was placed in thm—valled alurmruum vessels which was put mto vacuum .
cryostat / 16/ ' ‘
' : ’l‘he e:q)erlmental resu.lts are presented in F‘lq. 1—3. When compa-
“ring the distrlbutlons obtamed for samples ‘at ~160 °c and room tempera-
‘ture, we are struck by the,Lr remarkable sJ.rm.Iarlty. In both cases there
are dlstmctly two groups of peaks ( maxlma) Ak

a) the group of peaks in the energy reglon from 50‘to.140Amev,
.and o > }, ‘ : . o | ) »

b) the sroup of peaks at enereles Iess than 25 meV' )

The energles of the peaks and the frequencles correspondmg to
.‘ them are assembled m ’Dable 1 which, for comparison, also includes the
transxt.lons observed in the’ optical spectra - of thiourea at’ room temperature.

The 1nterpretatxon of the optical resulis (taken from papexj 11 is based
"VOn the acceptance of the C2v 51te symmetry, 1.e., the same as the case
of urea, 1nstead of the actual C < Symmetry,

FN



As is seen Irom Table- I, the frequencxes of transltlons determined ‘
by the neutron method are in good agreement wlth the results of optical
jresearch ’I‘he posltlon of the peaks of the first e,raoup. lnterpreted as
';bemg due to intramolecular - vxbra’uons comparxsmg the motions of the NI-& :
groups, Varxes only ‘very slxg,htly with temperature. This' shows that there

is weak mteractlon between the lntramolecular motions and lattice vibra-

The second set of peaks appears in' the frequency reglon in which
one should expect the appearance of lattlce ~vibrations comprising both
.the rota’uonal and translational vibrations of whole molecules, I ls- l.mpos-
sible to nge a unique interpretation of these peaks without solving
the. questlons of motlon of the atoms in the crystal lattice, It follows from
general deliberations, however, that motions like torsional vibrations of
whole molecules should appear at freqrrencies higher than those of the
_translatlona.l motions, On thls bas.ls the three peaks appearlng at the
energies of 23, 17, and 12 meV have been’ asslg,ned to torsloml vibrar-'
‘tlons of rigid SC(NH ) 2 molecules, performed about the molecular -axes 1
) ( parallel to the N-N atoms), 3 (perpendxcular to the molecular plane),
‘and 2 ( answerxne. to the S—C bond) The results of papexj I support this .
mterpretatlon to a certaln extent and, morever, these peaks are ln the ’
Irequency region in whlch lines arlslng from wbratlon motions appear in’

‘such molecular crystals as benzene or naphtalene/ 14/
The two peaks appearmg, at the lowest energles (7- and 4.5 meV)
have been ass1gned to the translatlonal vibrations of the thiourea mole-
cules, 4 o B
" Attention should be pa1d to the fact’ the p051tions of. the peaks a.ss1g—
. ned to the lattlce vibratlons do not chanee with temperature. We believe
that thls Iact colloborates the correctness of the H.\deo Futama model,

- since a changem the degree of freedom of rotat.lonal motions of mole-

By d:ular groups Vusually appears dxst.mctly in neutron Spectra.

The authors. with to express their grat.ltude to Prof. F.L, Shapiro,
and Doc. J ‘M. Janik Ior t.hexr mterest and discussion concerning this,

work, and to Mr W. Olejarczyk for his help dn the measmements.



Table I

v I Frequencies thiourea ‘
h::;?;:,d 12/ . R:$33 | 10/ : ._Neqtroh.'present study N . Aussxgnment
e T

fl meV. 'cm—lz meV cm—’l meV. em 1’ meV

- = - - 484 6 a6 59  transl’

- - - - 66,1 - 8.2 653 = 81 transl

- - - = 96,8 12 944 117 rot.

- - - - 130:;5 173 1387  17.2  rot.

- . - 1863 231 ‘1847 22,9  rot.

411 50,9 438 54,2 "443;6 55 42_7-.4 53’ NH, tors, .
463 57.3 - ~ - - - ' - skeletal . def,
486 60.2 483 59 = - - ren
- - 505 625 521 - 64,7 515 | 63.9  NH, tors,
- - 577 71,5 -~ _-— = ~ . NH, wage
629 779 635 783 637 79 629 78  .SCNN

730 90,4 735 912 - A - . eN
769 : 95;3 8 - 790 98 778 96,5  NH, wagg. -
1086 134.5 1094, 136 136 137 : 1089 135  NH, rock.
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[
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temperature —160°C, as a function of the analyser channel number,.

Channel width 64 usec,

Fig. 1, The intensity of neutrons scattered from crystalline SC NH at -
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Fig, 2, The intensity of .neutrons scattered from crystalline SC NH2 2 at room
tempe}'ature, as a.function of the analyser ¢hanqei number. Channel
width 64 - sec. A .
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Fig, 3. The M¢) functions for SC NH, , at two temperatures (- 160°C
and +18°C), obtained on the basis of data of Figs,1 and 2,
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