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Brillouin and Rayleigh studies of urea single crystalsa
) 

A. Yoshihara and E. R. Bernstein 

Colorado State University, Department of Chemistry, Fort Collins, Colorado 80523 
(Received 8 June 1982; accepted 9 August 1982) 

Brillouin and Rayleigh scattering techniques have been employed to study the elastic behavior of single 
crystals of urea over the temperature range 15-300 K. An extensive investigation of the room temperature 
elastic constants is presented yielding a complete evaluation of their anistropy. The temperature dependence 
of these elastic modes along the [001] and near the [110] directions is followed to 15 K; no evidence of a 
structural phase transition has been found. Rayleigh scattering experiments reveal a correlation time in the 
ms range and an intensity behavior that are temperature dependent but show no anomalies as a function of 
temperature for a number of directions in the crystal. It is found that scattering intensity and correlation time 
are caused by the modulation and driving of defects by an external periodic applied stress pulse. Neither the 
correlation time nor the intensity behavior supports the conclusion that urea undergoes a structural second 
order phase transition in the temperature range 15-300 K. 

I. INTRODUCTION 

Urea (NH2hCO crystallizes in a tetragonal space group 
structure, D~d (P42 I m) with two molecules per unit 
cell. I Because of its simple structure and well-es
tablished intermolecular interactions (short range and 
dipolar), extensive studies on the static and dynamic 
properties of urea have appeared over the last 30 years. 
Urea has been used as a model for hydrogen bonded 
molecular crystals and consequently most of the crys
tal's physical properties have been measured: elastic 
constants, 2 optical phonon frequencies by Raman scat
tering3- 5 and infrared spectroscopy, 4,5 neutron dif
fraction, 6-8 x-ray structural analYSiS, 9-12 Compton pro
file, 13 NMR,14 and specific heat. 15 Several models have 
been developed to explain the dynamics of the urea 
crystal based on these data. 6,16-18 It appears to be 
agreed that, at least to 133 K, there is no structural 
phase transition in this system. 11 

Urea is known to possess highly nonlinear optical co
efficients determined by measurements at 1. 06 jJ.m using 
powdered samples. 19 Recently, it has been demonstrated 
that urea is an excellent nonlinear optical crystal for 
second harmonic generation and sum frequency mixing 
in the ultraviolet (to 238 jJ.m) with a higher efficiency 
than the well-known KDP isomorphs. 20-22 

One of the later x-ray structural studies on urealO 

has suggested that an isostructural phase transition 
exists in this system - 190 K. This transition as re
ported is quite unique in that no symmetry change (trans
lation or rotational) takes place at this temperature. 
The reported transition is characterized only by a con
tinuous anomaly in the thermal expansion coefficient 
along the c (fourfold) axis. 

The planar urea molecule with C2v symmetry poss
esses a large dipole moment of 4. 6 n23 and the crystal 
structure arrangement is such that these dipoles are 
antiferroelectrically ordered. A similar material, 
thiourea (NH2)2CS is a well-known organic ferroelectric 
crystal which crystallizes in the orthorhombic space 
group D~~ (Pnam) and has five crystal phases below 300 

a)Supported in part by the AFOSR. 

K.24 If urea does indeed possess a phase transition, it 
will be a very interesting case to investigate because 
of its structural and molecular simplicity, well estab
lished interactions, and its ready comparison with 
thiourea. 

We have investigated phase transitions in a number 
of molecular crystals recently (e. g., triazine,26 ben
zil, 25 chloranil2~ by Brillouin and Rayleigh light scat
tering techniques. These are quite powerful methods 
for the study of both the dynamic and static properties 
of molecular solids at phase transitions. In this pres
ent report, we present results on the possibility of a 
phase transition in urea and determine a new set of 
room temperature elastic constants for this system. 

II. EXPERIMENTAL 

Single crystals of urea up to 5 x 5 x 20 mm3 in size 
were grown from methanol solutions by slow evapora
tion. Crystal growth from aqueous solutions with habit 
modifiers such as NH4Cl, NaCl, and KCl has also been 
attempted. Aqueous solutions, however, tend to pro
duce only needles (1 xl x20 mm3) using the slow evapora
tion technique. As the crystals are readily Cleaved, 
samples were carefully cut with a razor blade and 
polished with lens paper wet with methanol. The [001] 
direction is always the easy growth direction and the well 
developed faces of the crystal are of the {100} type. 
Using the as grown surfaces, [110] and [110] phonons are 
easily observed. For anisotropy measurements in the 
ab and ac planes, two kinds of cylindrical samples were 
prepared; 3 mm diam x 10 mm for the ab plane scattering 
and 3 mmdiam x2 mm for the ac plane scattering. Al
though these crystals are of high optical quality with no 
evidence of macroscopic defects, Rayleigh component in
internsities are about 3X 104 counts/so The crystals 
were examined under a polarizing microscope and found 
to be single in all instances. 

The light scattering apparatus for simultaneous mea
surement of Brillouin and correlation scattering has 
already been presented in some detail. 25,26 The spectra 
were excited by 100 mW of 5145 A light from an Ar+ 
laser. Free spectral ranges of 20, 47, and 53 GHz 
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are used to analyze the Brillouin spectra with a typical 
finesse of 50 for a triple pass optical system. Data 
acquisition times of 10 to 100 min are used depending 
on the phonon, propagation direction, and temperature. 
The lowest temperature reached in the present experi
ment is 15 K and the temperature stability is better 
than ± 0.1 K during the data acquisition time. The es
timated errors in the Brillouin shifts are ± 1% for LA 
modes and ± 2% for TA modes in regions for which over
lapping features do not occur. Precise crystal orienta
tion is determined from selection rules and actual spec
tra obtained. The estimated errors in direction de
pendence are ± 2. 50 for absolute directions and ± 10 for 
rotation angles. 

The correlation data were obtained and analyzed as 
previously described. 25-27 

Two crystals were annealed to 40°C for roughly two 
days and the data set was recollected. Unfortunately, 
this temperature is much too far below the melting 
temperature of urea to be very effective for annealing. 
Moreover, urea readily decomposes upon heating over 
60°C. Most likely the annealing process for urea is 
not a positive contribution to overall crystal quality. 
Brillouin data obtained from these annealed samples 
were, however, indistinguishable from that of as gro\\!n 
crystals. 

-13.7 9.6 GHz 

FIG. 1. Urea Brillouin spectrum in the region of the [1101 
axis [~8 = 0 I. The free spectral range of these spectra is 20 
GHz and three orders of the interferometer are overlapped. 
Labels 1 and 2 as subscripts stand for two of these orders; 
the Rayleigh peak of order 1 is shown (R1). Brillouin features 
are labeled B, lor 2 for the order, Tor L for transverse and 
longitudinal, and the prime (') distinguishes between the two 
anticipated transverse modes. Along [110 I (~8 = 0) BT

' is not 
Brillouin active. ~8 is the rotation angle from the [1101 direc
tion in the ab plane. At ~8 = 0 BT ' and BL are accidentally de
generate. This is due to the accidental degeneracy between 
(cu +C12+2cssl/2 for the BL mode and (cU-C12)/2 for the BT ' 
mode, as discussed in the text. The other transverse mode 
BT is governed by elastic constant c« and does not change 
within experimental error. 

III. RESULTS 
Brillouin spectra obtained around the [110] direction 

are shown in Fig. 1. The study presented here is for a 
deviation angle of phonon propagation direction from the 
[110] direction in the ab plane. In the [110] direction, 
only two phonon modes, governed by elastic constants 
Cu and (CU + C12 + 2css)/2, could be observed. Another 
TA mode, the frequency of which is related to the elas
tic constant (c11 - cd/2, is forbidden by Brillouin scat
tering selection rules in this direction. 28 

As the sample is rotated in this orientation the high 
frequency phonon peak splits and the new peak increases 
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FIG. 2. (a) Brillouin shift anisotropy in ab plane; (b) Brillouin 
shift anisotropy in ac plane. 
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FIG. 3. Temperature dependences of phonon frequencies (e): 
phonons along [001] direction in which only two modes are ob
servable; LA phonon (- C3~1/2 and doubly degenerated TA pho
nons (c4.>l/a; (+): phonons near the [110] direction: LA phonon 
{- [(cu +ct2 +2Cssl/211/2}, TN -phonon [~(Cll - C1J2)1/2] and TA 
phonon (- C4J1/2• See Fig. 4 also. LA and TA' are degenerate 
at the [110] direction; (0): phonons along ~ [110) + 50 direction 
QLA phonon, QTA phonon, and TA phonon (C4.>lf2. These 
quasiacoustic mode frequencies are related to elastic con
stants given by Eq. (2) with (J - 5°. 

JJR1llr 25K 

;r 8\-s, 

jJ 
JJ 

-9.6 13.7 

130K 

GHz 
FIG. 4. Temperature behavior of the accidental degeneracy in 
the [:110) direction. Note that if the phonons correctly propagate 
along this direction, the TA mode (BT~ should be always 
Brillouin inactive. To observe this mode also without destroy
ing the degeneracy, the phonon propagating direction was slight
ly tilted (_1°). As a 47 GHz free spectral range was employed, 
every phonon peak belongs to the Rayleigh peak (Rt ) shown in 
this figure. The notation for peak assignment is the same as 
in Fig. 1. 

I I 1 I I 

10 20 30 40 50 60 
CHANNEL 

FIG. 5. An example of the correlation function obtained at 
75 K. External stress was applied along the [010] direction. 
The sample was the same sample used to determine the 
anisotropy of the elastic constants in ac plane. The scattered 
beam direction is along the [100) direction. The full line is 
derived from a least-squares fit of the data to an exponential 
function with a finite base line. The exact equation is G2(T) 
= 1 + 0.095 + O. 514e-2t 11.59, with time in ms. The standard 
deviation of the fit is 1. 3 x 10-2• Experimental conditions: 
sampling time =0.1 ms, experimental duration = 500 sand in
tensity = 340 photon/s with 100 mW power. The full correla
tion mode of the correlator was employed. 

in intensity. The weaker lower energy phonon does not 
shift within the present experimental error. The high 
frequency phonon in the (110) direction is thus acci
dentally degenerate. Complete results of such aniso
tropy studies are presented in Fig. 2(a) and 2(b) for the 
ab and ac planes. 

To investigate the possibility of a phase transition 
in urea, phonons propagating along the [OOlJ and around 
the [110 J directions have been examined for their tem
perature dependence from room temperature to 15 K. 
Each phonon frequency shows a monotonic temperature 
dependence as portrayed in Fig. 3. Apparently, to 
within the experimental uncertainty, no phase transition 
can be detected through Brillouin scattering techniques. 
It is concluded that the phase tranSition, if present, 
does not manifest itself in the acoustic modes. As the 
temperature decreases, the accidental degeneracy along 
the [110) direction is lost and two peaks are observed 
as shown in Fig. 4. 

In Fig. 5 an example of the observed correlation 
function at 75 K is presented. The correlation can be 
observed only with the external applied refrigerator 
stress pulse and in polarized light. 25 - 27 The qualitative 
features of this effect are almost identical to those 
observed for benzil and chloranil. No correlation func
tion, as previously reported, can be found for NH(Cl and 
triazine under comparable experimental conditions for 
either polarized or depolarized scattering. 25-27 

Figure 6 gives the temperature dependences of the 
relaxation time and scattering intenSity for urea. As 
can be seen, both results have a similar temperature 
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FIG. 6. Temperature dependences of the relaxation time T 

and scattering intensity I. Data at 185 K were obtained in a 
heating run and the intensity result is omitted for this point. 
(0) refers to intensity. (+) refers to relaxation time. 

[
Cl1q~ + C66q~ + C44q! (e12 + c6S)Qx qy 

pw2U = q2 (Ct2 + C66)n qA • ~2 A2 A2 '1X , cl1qy + c66Qx + c44Q. 

(et3 + C44) qxq. (et3 + C44)qyq. 

in which q = q(qx. qy. qJ. Solving this equation in the ab 
and aC planes, one obtains the following eigenvalues: 

ab plane: q,,= cos 11 , qy= sin 11 , and q.= 0, 

ac plane: qx= cos 11 , Qy= 0, q.= sin 11 , 

behavior. As pointed out previously, annealing urea is 
not useful in reducing the defect/impurity level as ob
served in light scattering experiments; both low anneal
ing temperatures and further defect generation through 
decomposition are the main problems. "Annealed" 
crystals typically show a longer relaxation time indicat
ing a larger defect distribution than found in as grown 
crystals, as would be expected for a crystal that under
goes decomposition upon heating. 

Finally, a section of a urea crystal used for light 
scattering was studied by x-ray structural analysis at 
room temperature. The crystal has a tetragonal struc
ture with lattice constants a = 5.647 ± 0.003 A, and 
C = 4. 704± 0.003 A. The corresponding density p is 
1. 339 g/cm3 in agreement with published data. 

IV. DISCUSSION 

A. Elastic constants 

The elastic constant matrix for D2d symmetry has 
six independent components. The wave equation for 
this system can be written in a compact form given by, 

(1) 

(2) 

{ 

c44 sin2 11 + C66 cos 211 
pw2 / q2 = 1 2 . 2 2· 2 2 2 . 2 112 

"2 {Cl1 cos 11 + C33 sm 11 + C44 ± [(e11 cos 11 - C33 sm 8 - C44 cos 28) + (C I3+ C44) sm 28] }. 
(3) 

Brillouin scattering selection rules for a given acous
tic mode and scattering geometry are given by, 28 

Eo' (/St:o' p. e ·/St:o) .E s 

L (EO)i(0f:o)i/Plm.OIS eOls(O(O)mj(EO)i 
lilm 

OIS 

(4) 

in which Eo and E. are the displacement vectors of the 
incident and scattered light, respectively, 0(0 is the di
electric constant matrix, P is the pockel's coefficient 
tensor, and e is the strain matrix defined by 

= OUI + EEl 
eli OX OX for i* j 

i I 

and 

= OUI f ei/ OX or i = j . 
I 

As urea belongs to the class of piezoelectric crystals, 

I 
Eq. (4) should actually include an additional effect due 
to piezooptical coupling. We omit this as it is most 
likely small and will not change our major conclusions. 
In Table I, elastic constants, phonon modes, and selec
tion rules for several high symmetry directions are 
collected. For other directions, all modes are active 
and the corresponding elastic constants can be found 
from Eqs. (2) and (3). 

Urea is also a uniaxial crystal and birefringence ef
fects should be taken into account in the calculation of 
sound velocities and elastic constants based on Bril
louin shift data in some directions. For 900 scattering, 
elastic constants and Brillouin shifts are reillted by a 
well known formula for anisotropic crystals, 29 

2 [ 
AVa AQ J2 c=pv=p --

";n~ + n! 
(5) 

in which nl and n. are the indices of refraction for the 
incident and scattered light respectively, p is the mass 
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TABLE I. Observable phonons and selection rules in several 
high symmetry directions. 

Phonon Selection 
direction Displacement Mode Elastic constant rule 

(100) L cll Vv 
[100] [010] T c66 

••• a 

[001] T c44 Vh
a 

[110J L (CI1 +CtZ +2C6~/2 VV 
[110J [110] T (c1l - ctz)/2 

[001] T c44 Vh 
[100] T c44 

[OOlJ [010] T c44 Vh 
(001) L c33 Vv 

aFor ab scattering geometry. For the ac scattering geometry, 
the c,' mode becomes inactive and the cGG mode can be ob
served in Vh polarization. 

density of the crystal (= 1. 339 g/cm3 at room tempera
ture), and 71.0 is the incident light wave length (5145xlO-8 

cm). Effective values of the refractive indices, nj and 
n. depend on the experimental geometry, crystal orienta
tion and the direction of light propagation. To obtain 
the appropriate values it is necessary to solve an equa
tion for the index of refraction given by30 

2 A L ~(Kj)2= 0, 
I."y~ n - n, 

(6) 

in which K is a unit vector of the light propagation direc
tion n,,= ny= no= 1.492 and n.= n.= 1.597 for 5145 A at 
room temperature. 22 

Combining these calculations, the elastic anisotropies 
in the ab and ac planes are obtained and are presented 
in Figs. 7(a) and 7(b). From these results, six indepen
dent elastic constants can be determined. In the high 
symmetry directions for which the elastic constants 
have simple forms, one of the TA modes is always 
forbidden. cu, C33' and C44 can be determined in the 
high symmetry directions (as given in Table I). The 
remaining three elements of the elastic matrix, css, 
c12, and cl3 are determined by the theoretical expres
sions for the anisotropies [Eqs. (2) and (3)] and visual 
curve fitting. These derived values are presented in 
Table II along with the ultrasonic results. 2 

Thediagonalelasticconstantscu,c33' c u , and c G6 are in 
reasonable agreement for the two methods of evaluation, 
Brillouin scattering and ultrasonic techniques. How
ever, the off diagonal elements C12 and Cl3 are not 
at all in agreement for the two techniques. The dif
ference should be particularly well defined in the [110] 
direction. In this direction our results shown in Fig. 
1 reveal an accidential degeneracy with 

and, therefore, css + c12;::; O. The ultrasonic results for 
cII, Ct2, and cu, however, yield a different accidental 
degeneracy as follows: 

r<> '0 
~ (0) 

( IO"dyn/cnf ) 

C\J 

[JiOJ 
I 

o 2 3 

( b) 

( lO" dyn/cm2 ) 

[IOOJ 

3 4 5 

FIG. 7. (a) A polar plot to the elastic constant anisotropy in 
ab plane. The full lines are the best fitted results using the 
theoretical expression [Eq. (2)] and visual determination for 
the fit quality. The broken lines are obtained by Eq. (2) and 
the ultrasonic results given in Table II. Notation: (+) == c44. 

(0) == + combination in Eq. (2). and (.) == -combination in Eq. 
(2); (b) a polar plot of the elastic constant anisotropy in ac 
plane. The full lines are obtained by using Eq. (3) and visual 
fitting as indicated above. The broken lines are due to the 
ultrasonic results given in Table ll. The obtained six-indepen
dent elastic constants at room temperature are listed in Table 
II with the ultrasonic values for comparison. Notation: (0) 
== + combination in Eq. (3), (.)== -combination in Eq. (3), and 
(+)= pure T-mode in Eq. (3). 

TABLE ll. Elastic constants at room tem
perature. 

Brillouin scattering Ultrasonics 
(X 1011 dyn/cm2) (X 1011 dyn/cm2) 

cl1 2. 35± O. 05 2.17± O. 05 
c33 5. 10± 0.10 5. 32± O. 05 
c44 O. 62±0. 01 O. 626± O. 006 
cGS 0.050 ± 0.005 O. 045± O. 002 

Ct2 - 0.050 ± O. 005 O. 89± 0.19 
c13 O. 75± O. 08 2.4± 0.4 
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(ell -cI2)/2-0. 64 X 1011 dyn/cm2 

- O. 63 X 1011 dyn/ cm2 : C44 , 

and, therefore, (ell - c12)/2 - Cw In this later data 
set then, the TA modes would be accidentally degenerate 
along the [110] direction, contrary to the observations 
shown in Figs. 1-3. Moreover, a calculation using the 
ultrasonic values of the elastic constants and Eq. (3) 
fails to reproduce the observed anisotropy results in the 
ac plane. Both predictions in addition to the observed 
anisotropies are plotted in Fig. 7; the anisotropy pre
dictions based on the ultrasonic elastic constant are 
shown in broken lines in Fig. 7. 

B. Phase transition 

The possibility of a phase transition in urea at roughly 
190 K has been suggested by an x-ray structural analy
sis. IO The thermal expansion coefficient in the [001] 
direction (c axis) has been reported to evidence an 
anomaly in this temperature range. Since no other axis 
shows any similar effect, the crystal maintains its 
tetragonal (rotational) and translational structure below 
190 K. This is, of course, consistent with another x
ray analysis at 133 Kll and also the present Brillouin 
results which show that the degenerate TA modes in the 
[001] direction remain degenerate to 15 K. Further
more, the low temperature x-ray structure indicates 
that the translation symmetry is also unaltered. The 
observed x-ray anomaly seems to be a continuous one 
suggesting a continuous or higher order phase transi
tion. 

If the transition does indeed take place, the order pa
rameter should belong to the AI irreducible representa
tion of Du at the r point and one can expect a bilinear 
coupling between the order parameter and lattice strain 
e3. It is this strain that would evidence the anomaly at 
the transition temperature in the [001] direction. Such 
a longitudinal acoustic anomaly would be a unique find
ing, however. 

Ignoring for the moment odd power terms in the free 
energy expansion that may arise for a totally symmetric 
order parameter, a simple Landau theory based on these 
ideas predicts a free energy expansion near the transi
tion point as follows: 

(7) 

in which Q represents the order parameter of AI sym
metry. This generates in the usual manner 

a2 F A 2 _ 0 T - T 1 
C33: aer: cg3- a(T-T

o
) - caa T-To ' 

with 

As shown in Fig. 3, neither the soft acoustic mode 
related to the LA mode along the [001] direction nor 

(8) 

any other anomalous behavior could be observed within 
the experimental accuracy between room temperature 
and 15 K. Actually, this type of phase transition cannot 

be a second order transition as discussed by Landau 
and Lifshiftz31 because the order parameter belongs to 
the AI irreducible representation. The phase transition, 
as indicated in the x-ray structure report, would ap
pear to be of a higher order than that typically discussed 
and studied. 

It is in principle possible that observation of the 
phase transition could be masked by a cancellation [in 
Eq. (5)] of the changes in nand p. However, it can be 
shown that this effect is quite small in urea. As the in
dices of refraction at 5145 A and the lattice parameters 
are known at room temperature, the molecular polariza
bilities a e and ao can be calculated by the Lorentz
Lorenz relation, 

n2 
_ 1 _ 4 (P) 

n2+2-'37T iiI a, 

in which n, p, M, and a are, respectively, the index 
of refraction, mass density, molecular weight of the 
urea molecule, and the polarizability. Temperature de
pendence of the index of refraction is then primarily 
due to the denSity term and the polarizability can be 
approximately regarded as a temperature independent 
constant. Thus, using the values for these parameters 
mentioned above, 

a e : 6.11 X 10-24 cm3 and ao: 5. 20 X 10-24 cma• 

As shown in Eq. (5), the Brillouin scattering elastic 
constant depends on both the density and the index of 
refraction. This dependence can be approximated by 

c 1 1 - f7T(p/ M)a 
(AOavB )2 -2:P 1+t7T(p/M)a 

if for Simplicity an isotropic system is assumed. The 
cancellation would be less likely for an anisotropic 
crystal. Using a: 6 X 10-24 cma, the right-hand side of 
the above expression can be calculated as a function of 
temperature because p(T) is known through the tempera
ture dependence of the lattice parameters. The calcula
tions reveal that the thermal expansion anomaly intro
duces about a 0.3% additional contribution to the back
ground value of the elastic constant. The thermal ex
panSion anomaly thus gives almost negligible contribution 
to the temperature dependence of the elastic constant 
around 190 K. 

We also observe an external stress induced autocor
relation function, which has been reported for benzil25 

and chloranil, 27 in the urea system. The observed 
temperature dependence of the correlation time for urea 
is presented in Fig. 6 along with the temperature de
pendent scattering intensity. While both observables 
exhibit a relatively rapid change around 110 K, no 
divergent behavior at this or any other temperature could 
be characterized. 

Thus, from Brillouin scattering and correlation 
spectroscopy it is not possible to corroborate the exis
tence of a phase transition in urea as suggested by one 
x-ray structural analysis. 10 Temperature dependences 
of the Raman active modes between 295 and 85 K have 
been measured again with negative results for a phase 
transition. 3 The acoustic and optical phonons do not 
show any instability at 190 K. 

J. Chern. Phys., Vol. 77, No. 11, 1 December 1982 



A. Yoshihara and E. R. Bernstein: Brillouin and Rayleigh studies of urea 5325 

u 
Q) 
(/) 

E 

w 
~ 
F 
z 
0 

~ 
w 
0:: 

10"lT2 

0~ __ r-__ T2 __ -T3 __ ~4 __ -,5r--' 

IO-

L -0" 

'~~~~ 
•• --l- ,:~, 

1-
""'" '~ 

"'-",-

I 1 

o 5 10 15 20 25 
1031T 

FIG. 8. Log., T vs l/T and log., I vs (1/1)2 plot; (e): relaxation 
time data, (0): intensity data. Both data sets could be fit to 
straight lines, the equations for which are given in the text. 
[See Eqs. (9) and (10).1 

C. Correlation scattering and relaxation times 

The correlation function in urea is most pronounced 
in the polarized scattering spectra and appears only 
with the external stress pulse present. The details of 
these observations are at present qualitative as the pulse 
intensity and precise pulse shape25 ,27 at the sample 
have not been quantified. Such experiments are now 
underway using both electrical and pressure tech
niques. 

The major impact of and conclusions from these ob
servations are clear, however: the Rayleigh scattering 
intensity and the relaxation time of the correlation 
function are related to one another and to the applied 
stress pulse; the effect is anisotropic and polarization 
dependent; the correlation function is associated with 
the concentration of defects in the sample; and, in com
parison with benzil25 and chloranil, 27 the data corroborate 
the absence of a phase transition in urea. 

A phenomenological analysis of the intensity and re
laxation data can, nonetheless, be presented. In Fig. 8 
are shown plots of InT vs l/T and InI vs 1/T2. Both 
sets of data are well fit to straight lines in these plots. 
For these lines, the following results can be obtained: 

and 

and 

T=Toexp(-flE.!kBT) , 

T= 4.1exp(-74. 7/T) 

flEa = 0.15 kcal/mol (9) 

and 

1= 10 exp [ - AE~/kB T)2] , 

1= 670exp[-(60.3/T)2] 
) 

t:..E~ = O. 12 kcal/mol . (10) 

t:..Ea and AE~ are certainly equal to within the experi
mental uncertainty although it has not as yet been dem
onstrated that this equality should hold theoretically. 
A detailed defect model would have to be generated, 
within the anelastic solid or cell defect models, 25,32 
which could explain the rather unusual intensity /tem
perature behavior. To the best of our knowledge, no 
other data exist with which to compare these results. 

V. CONCLUSIONS 

Acoustic properties and defect/impurity motion 
excited by an external stress pulse have been examined 
for urea by Brillouin and correlation spectroscopy 
from room temperature to 15 K. The results of these 
studies are: (1) The anisotropies of the elastic wave 
frequencies in the ab and ac planes were determined at 
room temperature and are summarized in Table II and 
Fig. 7. (2) The temperature dependences of the acoustic 
phonons propagating along the [001] and near the [110] 
directions have been determined as a function of tem
perature. These modes evidence only monotonic changes 
within the experimental temperature range. No evi
dence of a phase transition could be found within the 
experimental uncertainty. (3) A correlation function is 
observed in urea only under an applied external stress 
pulse. The temperature dependences of both the scat
tering intensity and the relaxation time give no indica
tion of a phase transition. (4) The temperature depen
dence of the scattering intensity and relaxation time 
(for a particular direction) can be expressed in the sim
ple forms, given in Eqs. (9) and (10), with an activation 
energy for relaxation of flE = 0.15 kcal/mol. 

The theoretical explanation of these results, especial
ly the intensity behavior, is presently under investiga
tion based on the anelastic solid and cell defect models. 
Experimental efforts to quantify the pulse shape and 
intenSity dependence are also in progress. 
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