
This article was downloaded by: [Tomsk State University of Control Systems
and Radio]
On: 23 February 2013, At: 03:35
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and Liquid
Crystals
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl16

Thermal Expansion and Elastic
Properties of Thiourea Crystal
at Room Temperature
B. Jakubowski a & C. Ecolivet b
a Institute of Organic and Physical Chemistry,
Technical University, Wroclaw, Poland
b Groupe de Physique Cristalline, E.R.A. au C.N.R.S.
n° 015, Universite de Rennes, Campus de Beaulieu,
35042, Rennes, Cedex, France
Version of record first published: 21 Mar 2007.

To cite this article: B. Jakubowski & C. Ecolivet (1980): Thermal Expansion and
Elastic Properties of Thiourea Crystal at Room Temperature, Molecular Crystals and
Liquid Crystals, 62:1-2, 33-39

To link to this article:  http://dx.doi.org/10.1080/15421408008084007

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to
date. The accuracy of any instructions, formulae, and drug doses should be

http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/15421408008084007
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 0

3:
35

 2
3 

Fe
br

ua
ry

 2
01

3 



Mol. Cryst .  Liq. Cryst., 1980, Vol. 62, pp. 33-40 
0026-8941 /80/6202-@333S06.50/0 , 

@ 1980 Gordon and Breach Science Publishers, Inc. 
Printed in the U.S.A. 

Thermal Expansion and Elastic 
Properties of Thiourea Crystal at 
Room Temperature 
6. JAKUBOWSKI 

Institute of Organic and Physical Chemistry, Technical University, Wroclaw, Poland. 

and 

C .  ECOLIVET 
Groupe de Physique Cristalline, E.R.A. au C.N.R.S. no 015. Universite de Rennes, 
Campus de Beaulieu, 35042 Rennes Cedex, France. 

(Received December 28, 1979) 

The method of obtaining crystals of thiourea from water solution at room temperature has been 
described. The results of the measurements of the elastic constants by means of Brillouin scatter- 
ing have been presented. I t  has been shown that there exists a correlation in orientation between 
the tensors describing elastic properties and thermal expansion. Debye's temperature and com- 
ponents of the tensor of Griineisen parameter of the thiourea crystal in the V polimorphic 
modification have been determined. 

Thiourea SC(NH2)2 is a molecular crystal belonging to the orthorhombic 
system. It belongs to the Pnma space group at room temperature and the unit 
cell consists of four molecules. The crystal plane of symmetry is perpendicular 
to the crystallographic axis b and it coincides with the molecular plane of 
symmetry.'*2 The molecular mass of thiourea is M = 76,11 kg. kmol-', 
specificheat C,, = 105.9 lo3 J K - ' .  kmol-'at 293K,3anddensityd = 1.406 
lo3 kg.m-3. Thiourea is one of a few molecular crystals exhibiting ferro- 
electric proper tie^.^- Investigations of thermal and elastic properties of 
thiourea are described in37'y2 and8-'' works respectively. The carried 
structural investigations allowed to determine exactly atom positions in the 
thiourea  crystal'^*^' ' and to estimate the distribution of intermolecular 
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34 B. JAKUBOWSKI A N D  C. ECOLIVET 

forces decisive in the investigations of properties which are the subject of the 
present work. 

Crystals used in our investigations were obtained from supersaturated 
solution of thiourea in water at 303 K. The constant supersaturation was 
reached using a specially designed crystallizer, the scheme of which is 
presented in Figure 1. Crystallizer K consists of two vessels joined in lower 
and upper part by means of two pipes which allow convection of the solution. 
The convection driving force is the temperature difference T,  and T2 
between the two arms of the crystallizer. Saturated solution at T, temperature 
becomes supersaturated when it flows into the part where TI - T, . 

If we put a crystal seed in this part of the crystallizer the substance in 
excess will1 crystallize on it. The substance precipitated from the solution is 

N 

FIGURE 1 Scheme of the device for growing crystals ,of thiourea K-crystallizer, 2-crystal 
seed, m-small vessel containing the substance excess, g-addition heater, Tm-thermostat, G- 
heater, Tk-contact thermometer, M-mixer, S, and $,-electric motors. 
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THERMAL EXPANSION A N D  ELASTIC PROPERTIES 35 

replaced when it flows for the second time through the vessel at T2 temperature 
in which a small vessel containing spare substance is placed. In order to 
provide for isothermal conditions the crystallizer has been placed in the 
thermostat (Tm) in which the temperature stabilization has been obtained by 
means of a thermoregulator working with a contact thermometer. Samples 
of dimensions 5 x 5 x 5.1 O-' m3 and of various crystallographic orientations 
have been prepared from the crystals obtained by this method. 

Orientation of samples was determined by means of a polarizing micro- 
scope using conoscopic figures. Thiourea forms biaxial crystals in which the 
optic plane (001) is perpendicular to the cleavage plane." 

The presented results of thermal expansion investigations' indicate that 
the distribution of intermolecular forces is decisive in the orientation of the 
thermal expansion tensor in the crystal. The distribution of intermolecular 
forces will also have a decisive influence upon the elastic properties of the 
crystal which can be described by means of the tensor of elasticity (cij), or 
the tensor elastic flexibility (sij) and the tensor of compressibility (pi) (double- 
suffix notation is being used). 

For the purpose of (correlative) comparison between the thermal expan- 
sion tensor and the tensor describing mechanical properties the compressi- 
bility tensor is the most suitable one, as compressibility coefficient determines 
the reaction of a crystal-in the form of volume change-to the external 
hydrostatic pressure. By linear compressibility we mean the relative length 
decrease of a crystal having a linear shape and on which an elementary hydro- 
static pressure is exerted. In the case of anisotropic bodies the quantity of 
deformation will depend on the direction in the crystal. So the compressi- 
bility coefficient describes crystal deformation caused by non-directed 
factor : hydrostatic pressure. Whereas the thermal expansion coefficient also 
describes the crystal deformation under the influence of the other non- 
directed factor : temperature. So in both cases there will appear elements of 
nondisturbed symmetry of anisotropic properties of a crystal. The compressi- 
bility coefficient in direction of unit vector 1 in the crystal belonging to 
orthorhombic system is described by the equation' : 

B = (sll + s12 + s13)12 + (s21 + s22 + s23)m2 + (s31 + s32  + s33lnZ 
where I,m,n, the directional cosines of the vector 1, s i j ,  the components of the 
elastic flexibility tensor. 

The elasticity tensor components are experimentally determined either by 
means of ultrasonic wave pr~pagat ion '~ or by means of Brillouin scat- 
tering.15*'0 Benoit and Chapelle determined the elasticity tensor com- 
ponents (c i j )  for thiourea crystals in a wide temperature range by means of 
Brillouin scattering. According to their data the elastic flexibility (sij) and 
compressibility (pi) tensor components were determined. The obtained 
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36 B. JAKUBOWSKl AND C .  ECOLIVET 

TABLE I 

Elastic tensor components 

cij.10-9 N.m-' '11 '22 c33 '44 '55 ' 6 6  '12 '13 '23 

Benoit and Chapelle 10.25 25.37 14.86 2.0 5.7 0.7 2.4 7.2 5.0 
Our data 11.18 27.66 16.4 2.45 7.0 0.74 7.0 6.0 4.8 

TABLE I1 

Elastic flexibility tensor components 

si j .10" N-'m2 sll s22 s33 s44 s55 s66 $1 2 '1 3 s2 3 

Benoit and Chapelle 1.48 0.42 1.07 5.0 1.75 14.29 0.0014 -0.72 -0.14 
Our data 1.26 0.43 0.76 4.08 1.43 13.51 -0.25 -0.39 -0.031 

TABLE I11 

Compressibility and thermal expansion tensor components 

pi.lO1o N-'m3 p1 p2 p3 c l i . 1 0 4 ~ - 1  a1 a2 a3 

Benoit and Chapelle 0.76 0.28 0.21 1 7 1  2.26 0.41 0.95 
Our data 0.62 0.15 0.34 

results have been shown in Tables I, 11,111, row 1.  Since in crystals belonging 
to the orthorhombic system, principal axes of tensors of physical properties 
coincide with crystallographic axes it is possible to make a correlative com- 
parison between them directly. The values of the principal thermal expansion 
coefficients obtained from dilatometric measurements' have been shown in 
Tabk 111. According to the presented values it is possible to note that 
following relations are fulfilled : 

c22 > c33 > c11;s,2 < 533 < 511; 

Since the last relation is contradictory to the preceding ones the measurements 
of the elasticity tensor components at room temperature were repeated. In 
the present work the velocity of elastic waves was also determined by means 
of Brillouin scattering. 

In order to calculate the tensor components (cij) it is necessary to know 
the principal indices of refraction of thiourea for the light wavelength 
I = 4.88 m emitted by the laser used in our measurements. The obtained 
values of principal indices are as follows : 

a2 < a3 < a1;83 < 8 2  < 81 

n, = 1.637, n2 = 1.823, n3 = 1.79 
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THERMAL EX PANSION AND ELASTIC PROPERTIES 37 

The comparison between these values of the refraction indices and those 
given in the work’ where n ,  = 1.634, n, = 1.806, n3 = 1.789 measured for 
,I = 6.328 10- ’ m indicates some difference in the value of n,. 

In Tables I, 11,111, row 2, the values of tensor components (cij), (s i j ) ,  ( p i )  
obtained from our measurements are displayed. On the basis of these data it 
follows that besides the fulfilled relations 

c22 ’ c33 > c11 and s22 < 333 < $11 
the expected relation p2 < p3 < p1 is also satisfied. 

Figures 2 and 3 represent polar diagrams of the section of the compress- 
ibility and thermal expansion ellipsoids in (010) and (100) planes of thiourea. 
So it follows that a good criterion in the tensor orientation exists which may 
serve as a criterion of correctness in determining the components of one of 
them. Figure 3 shows on the contrary the correlation discrepancy for the 
section in (100) plane where the compressibility ellipsoid calculated on the 
basis of data’ has a completely different orientation from the thermal 
expansion and compressibility ellipsoids calculated from our data (c i j ) .  

While analyzing the unequalities satisfied by the components of tensors 
describing mechanical properties and thermal expansion of the thiourea 
crystal it is possible to say that for the direction in which the expansion is the 

FIGURE 2 Polar diagram of the (010) section of the compressibility and thermal expansion 
tensors of the thiourea crystal. Full line denotes the section of expansion tensor. Broken and 
dotted line denotes the section of compressibility obtained from the (c i i )g  data. Broken line 
denotes the section of compressibility tensor obtained from our data (c i i ) .  

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 0

3:
35

 2
3 

Fe
br

ua
ry

 2
01

3 



38 B. JAKUBOWSKI AND C. ECOLIVET 

FIGURE 3 
tensors in the thiourea crystal (notation as in Figure 2). 

Polar diagram of the (100) section of the Compressibility and thermal expansion 

smallest, the biggest elasticity coefficient and the smallest compressibility is 
observed. Such relation is conditioned by the distribution of intermolecular 
forces in the crystal. In the case of thiourea the strongest forces come from 
specific interactions of the S . . . H-N type which stiffen the crystal lattice 
along the b crystallographic axis. This explains the smallest a2,  B2 and the 
biggest c22 values. The (100) plane is the perfect cleavage plane in the thiourea 
crystal and from structural data it follows that the weakest interactions occur 
in the direction parallel to the a crystallographic axis. This explains the biggest 
value of al and 

On the basis of the obtained data which describe thermal and mechanical 
properties of thiourea and proper the Debye temperature (0) 
and the tensor components of Griineisen’s parameter (yi) have been com- 
puted at room temperature for the V polymorphic modification’ of thiourea. 

and the smallest c l l  value. 

e = 145 K, y i  = 1.74, y2 = 1.63, y3 = 1.67 

The obtained temperature is much lower than the phase transition tempera- 
ture (202 K) which indicates that the considerable dependence of the expan- 
sion coefficient on the temperature’ is caused not by quantum effects but is 
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THERMAL EXPANSION AND ELASTIC PROPERTIES 39 

rather due to anharmonicity. The obtained values for the tensor com- 
ponents of Griineisen’s parameter which describes Debye temperature 
dependence on volume (and indirectly on temperature) indicate that it is a 
tensor which has a slight anisotropy. 
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