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1. I n t r o d u c t i o n 

Thiourea has been for several years the subject of many theoretical 

and exp.erimental studie~. 'Ihe. enormous. interest in this compound is due 

to its exceptional position among crystals displaying ferroelectric proper

ties; it is a simple molecular C:rYstal in the ferroelectric properties· are not 

associate
1
d with the presence of. hydrogen bonds •. · 

Measurements of the dielectric constant of SC (NH~) 2as a function 

of temperature, conducted bv Solomod 1 / . Goldsmlth and White/ 2 / . and 

Freyman et. al. /
3
/, have revealed the exist~nce of four anomalies in ' 

separating five crystallographic phases: 

1 - belo~ -150°C - ferroelectric phase, 
. 0 0 . 

2 -· between - 105 C and - 97 C - non- polar :crystal, 

3 - between -97°C and -94°C - ferroelectric phase, 
,, 0 . . 0 . 

4 - between - 94 C and - 71 C - non- polar crystal, and 
.• . . 0 

5 - over -71 C - paraelectric phase •. 

'Ihe phase 'transition at the temperature. -105°C .is, as revealed by 

meas!,-lrements of heat capacity/ 4 /, a· transition of the first 'kind. 'Ihe natU

re of the remaining phase trans1tions is unknown. 

'Ihe structure of the compound is known only for the phases 1 and 2 
I 3 5- af ·· from roentgenographic measurements ' • At low temperatures the com-

pound crystalli~es in the orthorombic s;stem ( · c 2
2 v space · g;oup) wiU: 

four plane molecul.es in the elementary cell. 'Ihe molecules are arranged 

in two sublattices rotated at a certain angle with respect to each other· 

about the. c axis so that there arises an unbalanced eleatric moment paral

·lel to the b ax:ic •. At ~oom temperatUre the structure is also orthorhombi

c~! { D 2 h space group) • In the ~lementary cell there are four molecules · 

arranged in two polar sublattices ( ~ith the direction .on pol~rity parallel 

to the b . axis) set antip~rallely so that their polarities become balan

ced. 
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'Ihe maps of the distribution ot' eiectric charge d.:::nsities, determined 

by X- ray methods, evince considerable anisotropy of the thermal motions 

of the molecules; the rotational vibrations of molecules about the c axis 

of the crystallographic system are much more hindered than for the other 

directions. 
'Ihe dynamic~ of the atoms of SC(NI-lz) 2 in solid state have been inve-

stigated by the nuclear resonance method by· Emsley and Smith/
9

/·, by 

:·the methods of ~tical specu-'oscopy, both RamaJ 
10

/ and absorption in 

the infra-red/ 11•12/, and ~ the dielectric method/
3
/. 

Nuclear magnetic resonance ( NMR) measurem_ents imply that in the 

vicinity of - 63°C there appear molecular motions which cause a change 

in the width of the absorption line •. On the basis of measurements with a 

'thiourea sir:gle crystal, Emsley and Smith conjectured that motions are_ tor

_.sional vibrations of the rigid molecules performed 'about the C- S bond 

( twin axis- ,of the molecule). 

Measurements of the optical spectra of the compound have been 

performed only for the paraelectric · pha.se ( stable in temperatures over 
0 · . . w1· 

_,-71 C) for wave numbers' greater than 250 em • There are no data, 

-::however, for the region of smaller wave ·numbers in which _there are lines 

linked with vibrations of the crystal iattice comprising, among other things 

the rotational nad translational vibrations of entire molecules. 

Measurements of dielectric losses as a function of freouencv. con

ducted by Freyman et al/ 31 ' reveal the existence of a brood band of 

resonance absorption in phase 1 correspond}ng to a potential barrier of 

the- order 0.11 eV. 
'Ihe physico- chemical properties of the substance indicate that the 

phase· transitions should be due to the state of the rotation moti'?ns of the rigid 

molecules. Two theoretical models explaining the electric properties of 

thiourea have been ~iven so far. . . J 13/ 
According to the model proposed by Calvo , the· appearance 

. . 
of several phases is associated with a gradual change .in the. degree 

of alignment of the molecules in the. crystal and transition' to .phase 5 

( paraelectric) is due to a change in the degree . of freedom of torsional 

vibrations about an axis parallel to the c axis- .fo the- rigid molecUle. 
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On the other hand, Hideo Futama/ 4 / 

consists in the appearance of additional_ pate 

of freedom of torsional .. vibrations of rigid m< 

As no experiment has been thus far perform 

confirmation of the conclusions stemming the 

to perform measurements inelastic s~ttering 

the phases af ferro- a·nd paraeledric prop 

value· of the inelastic neutron scattering cr 

the lack of selection rules, the neutron meth· 

for investigating the crystal lattice vibratioJ 

protons. 

2. Expedmental results and discus: 

'Ihe ·measurements of inelastic ·scatterir 

were performed with the time · of flight spectr 

monochromator in: front of the detector install 

tor of· the. Joint Institute. for Nuclear Resea 
' 

studied substance in crystalline form (degreE 

was placed in thin-valled aluminium vessels 

cryostat 1161 • 
'Ihe experimental results are presentE 

ring the distributions obtained !or samples c: 

ture, we are struck by their remarkable s: 

are distinctly two groups of peaks·( maxima 

a) the group of peaks in the energ 

and 

b) the .~roup of peaks at energies Ies: 

· 'Ihe energies of the peaks and the f. 

them are assembled in . '!'able 1 which, for c< 

transitions obseiV?d in the optical spectra· of 

'Ihe interpretation of the optical results (tal 

on the acceptance of the . c 2v site symmeb 

of urea, instead of the actual Cs symmetr) 
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o{ electric charge de:nsities, determined 

considerable anisotropy· of the thermal motions 

vibrations of molecules about the c axis 

hindered than for the other 

solid state have been inve

method by Emsley and Smith/ 9 / , by 

both Ramad 10/ and absorption· in 

by the dielectric method/3 /. 

imply that in the 

appear molecular motions which cause a change 

On the basis of measurements with a 

Smith conjeCtured that motions are. tor

molecUles performed 'about the C- S bond 

spectra of the compound have been 
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smaller wave numbers ln which there are lines 
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vibrations of entire molecules. 

ctric losses as a function of freauencv. con-
/~ . . 

al. , reveal the existence of a broad band of 

phase 1 correspondll'\~ to a potential barrier of 

properties of the substance indicate that the 

be due to the state o! the rotation motions of the rigid 

explaining the electric properties of 

proposed by Cafvo..f 13/, the appearance 

with a gradual change in the. degree 

the. crystal and transition· to phase. 5 

a change in the degree of freedom of torsional 

parallel to the c axis. .fo ·the· rigid molecule. 
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On the other hand, Hideo Futama/ 4 / suggests 'that this transition 

consists in the appearance of additional potential wells, while the degree 

of freedom of torsional. vibrations of dgid molecules remains unchanged. 

As no experiment has been_ thus far performed which would permit direct 

confirmation of the conclusions stemming these . models, it was resolved 

to perform measurements Inelastic scattering of neutrons by SC( NH
2

)? ln 

the phases. af ferro- and paraelectric properties. Owing to the large 

value of the Inelastic .neutron scattering cros&osection of protons, and 

the lack of selection rules, the neutron method is particularly well suited 

for, investigating the crystal lattice vibrations comprising vibrations of 

protons. 

2.; Experimental results and discussion 

The measurements of inelastic scattering of neutrons by sc( NH?)? 

were performed with the time ~f alght spect;rom~ter with Be- filter arld ~n· 
mono~hromator i~ ·front of the detector installed at the I.B.R. pulsed reao-

• , . ' . ' .· . ' ' /14 15/ 
tor of the. Joint Institute for Nuclear Research at Dubna. ' • The 

studied substance in crv~talllne form ( de.~ree ~f puritv: analvtical rea~ent) 
was placed in thin- valled aluminium vessels which was put into vacuum 
cryostat f 161 • 

The experimental results are presented in Fi_g. 1-3. When compa

ring the distributions obtained !or sample~ af - :160°C and room tempera... 

ture, we are struck by their remarkable similarity. In both cases there 

are distinctly two groups of peaks ( m;,_~a): 

a) ~ group of peaks in the energy region from 50 to 140 meV, 
and 

b) .the group of peaks at ener~ies less than 25 meV'. 

·The energies of the peaks and the frequencies co1·responding to 

them are assembled in ·'!'able 1 which, for comparison, also Includes the 

transitions observed in the optical spectra· of thiourea .at ·room temperature. 

The interpretatio~ of the optical results (taken from . pap e) 11/ is based 

on the acceptance of ·the c 2v site symmetry; i.e., the same as the case 

of urea, instead of the actual C s symmetry. 
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As is seen from Table I, the frequencies of transitions determined 

by· the neutron method are in go~d agreement with the results of optical 

research. The position of the peaks of the first -~roup, interpreted as 

being due to intramolecular vibrations comparising the m0tions of the ~ 

. -groups,. varies. only very slightly with temperature. This shows that there 

is weak ·interaction between the intramolecular motions and lattice vibra-

lions. -.J 
The ·second set of peaks appears in the frequency region in which 

one should expect the appearance of lattice vibrations comprising both 

the rotational and translational vibrations of whole molecules •. It is : impos-

sible to give a unique interpretation of these p~S without SOlving 

th e questions of motion of the atoms in the crystal lattice. It follows from 

general deliherations, however, that motions !lke torsional yibraUons of 

whole molecules should appear at freq• ·encies higher than those of the 

. tra~slational motions. On this basis the three peaxs appearing . at the 

energies of 23, 17, and 12 meV have been assigned to torsional: vibra

tions of rigid SC( NH
2

) 
2 

molecules, performed about the· molecular axes 1 

( parallel to the N- N atoms), 3 · ( perperldicular to the molecular plane), 

·and 2. ( answe;in.!:!. to. the S- C bond). /The results of papej 
5

/· support this 

interpretation t~ a certain extent and, morever, these peaks are in the 

frequency region in which. lines arising from vibration motions appear .in 
. ' j14/ 

su-ch molecular crystals as benzene or naohtalen • 

The two peaks appearing at the lowest energies ( 7 -and 4.5 meV) 

have been assign~d to the translational vibrations of the thiourea mole-

cules. 

Attention should be paid· to the fact the positloM of the peaks assig-

ned to the lattice vibrations do not chan.!::!.e with temperature. We believe 

that this- fact colloborates the correctness . of the. Hid eo Futama . mode I. 

· since a change ..in ·the· degree of freedom. of rotational motions of mole

cular groups tisually appears distinctly in neutron spectra. 

The authors with_ to express their gratitude to Prof. F.L. Shapiro, 

and Doc. J. M. Janik ·for their interest and discussion concerning this 

wor~ and to Mr. W. Olejarczyk for his help. in .the. m.ea.surements.. 
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Raman /10/ 
study 

room 
temp. 

....:1 
em meV 

-1 
em meV 

4:11 

463 

486 

629 

730 

769 

1086 

fi0.9 

57.3 

60.2 

77.9 

90.4 

95.3 

134.5 

-----

438 

483 

505 

577 

635 

735 

8-

1094. 

54.2 

59 

62.5 

71,5 

78.3 

91.2 

-
136 

. 'I' a. 
Frequencie 

' Neutron-

-160°C 

-1 
em 

48.4 

66.1 

96.8 

_139;.5 

186.3 

443.6 

521 

637 

-
.790 

1.36 
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Infrared/ 12/ 
study 

Raman / 1 0/ 
study . 

room room 
temp. temp. 

-1 
meV -1 meV em em 

4:1.1 !'>0.9 438 54.2 

463 57.3 - -
486 60.2 483 59 

505 62.5 

577 71,5 

629 77.9 635 78~3 

730 90.4 735 91.2 

769 95.3 8- -
1086 134.5 1094. 136 

:.- ~ 

Table I . 
Freguencies of thiourea 

Neutron· present study Assignment 

-160°C room . temp. 
-1 

meV 
-1 

meV em em 

48.4 6 47.6 5.9 trans!. 

66.1 8.2 65.3 8.1 trans!. 

96.8 12 94.4 11.7 rot. 

139;,5 17.3 138.7 17.2 rot. 

186.3 23.1 '184.7 22.9 rot. 

443.6 55 427;.4 53' NH
2 

tors. 

- - - - skeletal def• 

- - - - ·eN 

521 64.7 .515 63.9 ~ tors. 

- - - - NH
2 

wagg, 

637 79 629 78 .. SCNN 

• - - - - CN 

790 98 778. 96.5 NH
2 

wagg. 

136 137 1089 135 NH2 rock. 
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