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1 INTRODUCTION

Dielectric and Raman investigations of structural phase transitions in
(C,H5NH;),CdCly

Ruchika Yadav+¢ Diptikanta Swain®, Partha P. Kundu®¢, Harikrishnan S. Nair ¢¢, Chandrabhas
Narayana” and Suja Elizabeth”

Temperature-dependent Raman and dielectric measurements have been carried out on (CoHsNH3),CdCly single crystals. Raman
studies reveal presence of two structural phase transitions below room temperature at 216 K and 114 K. The phase transitions are
marked by anomalies in temperature dependence of wave-number and full width half maximum (FWHM) of several vibrational
modes. The transitions are also accompanied by anomalies in dielectric measurements. Raman and dielectric data indicate that
the transition at 216 K is order-disorder in nature and is driven by re-orientation of organic ions, while transition at 114 K is due
to coupling between the CdClg octahedron and organic chain. Further high temperature dielectric measurements reveal presence
of one more structural phase transition around 473 K across which dispersion in dielectric parameters is observed. Activation
energies and relaxation time obtained for high temperature dielectric phases are characteristic of combined reorientation motions

of alkyl ammonium cations.

1 Introduction

Hybrid organic-inorganic perovskite materials are few of the
most extensively studied crystalline hybrid compounds, by
virtue of their multifunctional behaviour and potential appli-
cations 7. They consist of a wide range of inorganic an-
ion chains (an extended network of corner-sharing metal ox-
ide or halide complexes), alternating with large variety of or-
ganic cations as building blocks. The organic component of
the hybrid complex provides several useful properties such as
structural flexibility, optical properties, etc, while the inorganic
part is responsible for mechanical and thermal stability, inter-
esting magnetic and dielectric transitions, etc*%10. We can
combine the useful properties of organic and inorganic compo-
nents at single molecular level to tailor new multifunctional ma-
terials. Few such examples are [(CH3),NH; [Mn(HCOO)3 1112
and [NH4]Mn(HCOO)3 '3, metal organic frameworks with per-
ovskite structure. Both materials show transitions from a dis-
ordered state to an ordered state at low temperature as a result
of hydrogen bonding between organic and inorganic compo-
nents. [(CH3)2NH,Mn(HCOO); 11 undergoes paraelectric to
antiferroelectric transition at 185 K, while [NH4]Mn(HCOO);
13 transforms to ferroelectric phase below 250 K, both being
accompanied by structural transition. The compounds show
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weak ferromagnetism at temperatures below 10 K. This demon-
strates that the organic and inorganic parts can be chosen and
optimized to allow compositions with desirable multifunctional
characteristics.

In this respect, crystals of metal ion complex with organic
molecules are worth revisiting. Of particular interest were crys-
tals of alkyl ammonium metal halides (C,Hy,+1NH3),MCly
(M = Mn, Cu, Cd, Fe). These belong to a family of ABX3 per-
ovskite consisting of nearly isolated layers of corner-sharing
MClg octahedrons sandwiched by alkyl-ammonium cations
(C,Hp,+1NH3)" abbreviated as MA (methyl-ammonium) for
n = 1 and EA (ethyl-ammonium) for n = 2 14-16 - Ammonium
group of the alkyl ammonium cations are present in the cav-
ities between M—CI octahedron, and forms N—HCl hydro-
gen bonds with them. Adjacent layers are stacked upon each
other through Vander Waal force between the terminal methyl
groups. Additionally coulomb interactions are also present be-
tween transition metal ions (negatively charged octahedron)
and organic cations. The interaction between two layers is
much weaker compared to intra-layer interactions.

These compounds usually self-assemble at ambient tempera-
ture from solutions and are stable up to 200 °C. They display a
variety of physical properties depending on the transition metal
cation. For Cu, the system exhibits multiferroic behaviour
where ferroelectric ordering is observed below 250 K and mag-
netic spins align antiferromagnetically below 8 K!7. A non-
magnetic semi-conducting nature is observed for Pb while the
Cd and Zn analogues show insulating behaviour 3. The crystal
structure varies with temperature and pressure '*!. All com-
pounds of this series show orthorhombic structure at room tem-
perature and undergo a series of structural changes due to dif-
ferent arrangements of alkyl ammonium chains. The choice of
hydrogen bonding scheme is important in determining the ori-
entation of organic molecule, thereby influencing the structural
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phase transition??. Cd and Mn analogues, represent pseudo

tetragonal lattice, and the system goes to tetragonal symmetry
by a small shift in mean positions of atoms. At higher temper-
ature, the compounds display orthorhombic to tetragonal struc-
tural transition at 394 K for M=Mn>" and 484 K for M = Cd**
respectively 2!, Two more structural transitions are observed at
low temperatures (at 114 K and 216 K for M = Cd)2123, In
the present investigation, we have analysed the mechanism of
phase transitions in (C,HsNH3),CdCly using temperature de-
pendent dielectric studies and Raman spectroscopy. Dielectric
measurements provide insight into transport mechanism across
the transition, at the same time Raman spectroscopy captures
the dynamics and local structural changes with temperature.

2 Experimental

Single crystals of (CoH5NH3),CdCly (EA-CdCly) were grown
by slow evaporation from aqueous solution containing stoichio-
metric amounts of precursors, as described elsewhere 2 The
quality of the crystals used for experiments was checked un-
der polarizing microscope. For dielectric measurements silver
electrodes were deposited on oriented samples. All temper-
ature and frequency dependent dielectric measurements were
carried out in the temperature range 50 to 300 K, in a Closed
Cycle Refrigerator using Agilent 4294 A Precision Impedance
Analyser. The temperature evolution of Raman Spectra of
(C,HsNHj3),CdCly was recorded in the 180° backscattering
geometry using 532 nm excitation from a diode pumped fre-
quency doubled Nd: YAG solid state laser (model GDLM-5015
L, Photop Suwtech Inc., China) and a custom-built Raman
spectrometer equipped with a spex triax 550 monochromator
and a liquid nitrogen CCD (spectrum one with CCD 3000 con-
troller, ISA Jobin Yovn)?>. Laser power on the sample was
about 6 mW, and a typical spectral acquisition time of 4 min
was used with spectral resolution of 2 cm~!. The temperature
was controlled with an accuracy of (£ 0.1) K with the help of
a temperature controller equipped with cooling stage (Linkam
THMS 600). The spectral profile was fitted using a Lorentzian
function with the appropriate background.

All density functional theory (DFT) calculations were per-
formed by Gaussian 09 program?® and geometrical optimiza-
tion was carried out using hybrid exchange-correlation func-
tional Becke3LeeYangParr (B3LYP)?7-28, Basis sets of C, H,
N and Cl atoms were chosen 6-31G(d) and the valence and
inner shell electrons of Cd atoms were described by basis set
LANL2DZ and corresponding relativistic effective core poten-
tial respectively2°. In order to mimic the solid environment 12
organic components and 2 CdCl, units were chosen as shown
in Fig 1. The organic units at the corners were frozen in order
to prevent the structure from collapse in the gas phase since
the charges in each fragments are opposite in polarity. The

harmonic Raman frequencies were computed on the optimized
structures using the same level. Since the theoretical approach
and basis set is incomplete, and an-harmonicity is neglected,
the experimental data and theoretically calculated values were
matched with a scaling factor of 0.9613° for frequencies above
1000 cm ™!
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Figure 1 Structure of (C;H5NH3 ), CdCly used for calculating raman
modes using Gaussian software.

3 Results and Discussions

3.1 Dielectric measurements

Presence of organic molecules with dipoles and the two-
dimensional structure of EA-XCly (X = Cu, Cd, Mn, Fe) lead
to interesting behaviour in these compounds. The dielectric be-
haviour in the temperature ranges (10-300) K and (300-500) K,
at frequencies between 100 Hz and 1 MHz are probed in EA-
CdCly. Three structural transitions are observed around 475 K
(T¢1), 214 K (T2) and 116 K (T¢3), in the heating cycle. The
dielectric response with transition (T,) has been previously re-
ported3!. For a single crystalline c-plate, temperature depen-
dent dielectric response in both heating and cooling run for
temperature range 10 K to 300 K is shown in Fig 2.

Dielectric values decrease upon cooling and anomalies are
seen at temperatures 212 K and 95 K both of which correspond
to structural transitions (transition temperatures estimated by
Ist order derivative of dielectric constant). A clear hystere-
sis is clearly observed in heating and cooling cycles at both
transitions which indicate that the transition is first order in na-
ture. The hysteresis width at T3 transition is higher than that
observed at Ty, which is likely due to broad temperature re-
gion over which the transition at T.3 occurs. The magnitude
of the dielectric constant observed parallel to the plane of crys-
tal are much larger as compared to the values observed for in
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Figure 2 Temperature evolution of dielectric constant at 10 KHz
[frequency in both cooling and heating cycles. Inset shows
temperature evolution of dielectric constants, both parallel and
perpendicular to the crystal plate.

the plane perpendicular to the crystal as shown in the inset of
Fig 2 (data collected during heating cycle). Though the tran-
sition resembles an antiferroelectric ordering and there is pres-
ence of low temperature anti-polar monoclinic phase, no anti-
ferrolectric hysteresis loop is seen in PE loop measurements.
The temperature at which the dielectric anomaly is observed
does not shift with frequency but the magnitude of dielec-
tric constant falls sharply as frequency increases. Temperature
variation of dielectric parameters € (dielectric constant) and
& (dielectric loss) in temperature range (320—500) K, is pre-
sented in Fig 3 and Fig 3-inset. The anomaly observed around
475 K (T.p) is attributed to a structural phase transition. The
high temperature transition in this compound has not been ex-
plored in detail so far, although similar transitions have been
documented for EA-MnCly and (CH3NH3),FeCly 3233 and as-
signed to the structural transition from tetragonal (P4/mmm)
to orthorhombic phase. In many materials there is no disper-
sion is observed in the dielectric permittivity with frequency,
across structural phase transition3*. However in many hybrid
organic-inorganic compounds, dielectric relaxation/dispersion
is observed across the transition due to reorientation of organic
molecules32333¢. Such an relaxation process is characteristic
of compounds with alkyl-ammonium ions>’. For the studied
compound a small dispersion is observed across the structural
transition as shown in Fig 3, which arises from the combined
motion of (C,Hs;NH3)™ cations.

To explore the relaxation process in EA-CdCly, we performed
dielectric measurements in the range 100 Hz to 1 MHz at tem-
peratures in the vicinity of the transition. The shape of curves
fitted for imaginary part of dielectric constant (&) as shown in

10" 3

Heating Cycle
T T 1
450 500

T (K)
Figure 3 Temperature evolution of dielectric constant in temperature
range (350 - 500) K for different frequency.

Fig 7 implies the existence of relaxation time distribution. The
relaxation time distribution is then determined using Cole-Cole
diagrams to elucidate the mechanism of relaxation.

)
2

£ +ie
= &t (80— &s)/[1+ (i07)! 77

where, & and & are static (low frequency) and high frequency
dielectric constants, @ is angular frequency and 7T is mean re-
laxation time. ¢ is a parameter representing the distribution
of relaxation times (¢ = 0 for ideal Debye relaxation). The
observed values of o were in the range 0.45 to 0.53 showing
considerable change from ideal Debye like behavior. Equation
1 is separated into real and imaginary parts as below.

€] = €+ ((€0 — €x)/2)[1 — sinhBz/((coshBz+ cosBn/2))] (3)
and

& = ((80 — €»)/2)[sinhBz/(coshPz+ cosBr/2))] 4)

where, z is In(w7) and B is (1-a). The frequency dependence
of &(T) is shown in Fig 4 for few select temperatures. For an
inhomogeneous insulator, dielectric spectra has contributions
from electrical conductivity. The above approximation allows
to account for the contribution of electrical conductivity sepa-
rately. The detailed analysis of ac conductivity shows exponen-
tial increase with temperature which is characteristic of hop-
ping mechanism. An anomaly is observed near the transition
temperature as shown in Fig 5(a).

The inset in Fig 5(a) (In(o) vs 1/T) shows 2 linear segments
and from the slope of these segments, we estimated activation
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Figure 4 Frequency dependence of imaginary part of dielectric
constant at various temperature.

energy for both phases. The values obtained for E, is in the
range 0.9 to 0.5 eV which are commensurate with the energy
values for weak hydrogen bonds. This result confirms the pro-
ton character of the conductivity®. Relaxation times are esti-
mated by fitting the frequency dependent &, at different tem-
peratures, using equation 3. The values of relaxation time are
observed in the range 1073 - 107 s, characteristic of combined
reorientation of ethyl-ammonium cations>°. Similar values are
observed for the relaxation in EA-CuCl,3?. The temperature
dependence of corresponding relaxation time is shown in Fig
5(b), which represents a linear behaviour in logarithmic scale
(shown in inset of Fig 5(b)). The observed decrease in relax-
ation time with increase in temperature is related to the de-
crease in hydrogen bond strength.

Activation energy (E,) for the relaxor behaviour can be calcu-
lated using Arrhenius equation.

T = 19exp(E,/kT) )
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Figure S (a) Variation of ac conductivity with temperature. Inset
shows In(o(1/T)). (b)Variation of relaxation time with temperature.
Inset shows In(t(1/T)).

The values of E, obtained below the transition temperature is
0.715 eV, which is higher than the E, value in the same re-
gion. The high temperature value of E, is 0.124 eV which
is small compared to E, value in the same region. We
have used impedance spectroscopy to study the multiple relax-
ations where different types of dielectric relaxations can be de-
convoluted using an RC element model. For the ideal single
relaxation Z'-Z", the plot assumes the shape of a semicircle but
considerable deviations are observed for real systems. In order
to account for such non-ideal behaviour, the ideal capacitor is
replaced with a constant phase element (CPE), with impedance
defined as,

Page 4 of 9
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The impedance of the sample is measured at several tempera-
tures and Z'-Z" is plotted as shown in Fig 5. The data is fitted
using 2 R-CPE units corresponding to contributions from bulk
sample and the sample-electrode. The fitted curve for data cor-
responding to 450 K is shown in Fig 6 along with the equiva-
lent circuit used for fitting. The fit parameters are Ry = 45439
+ 1.281%, Ry = 66751 &+ 0.361%, C; = 2.414 nF & 1.365 %,
n; =0.74 £ 0.142 %, C; = 0.499 pF +£ 0.820 % and n, = 0.884
£ 0.06 8%. The high frequency response corresponds to the
bulk contribution, while low frequency response is related to
the sample-electrode interface.

It is known that the alkyl-ammonium cation complexes are dis-

Sample electrode
| 300 K

6
Z' (X 10° Q)

Figure 6 Experimental Z’-Z” plot with a fit, for the observed data at
300 K. Inset shows the equivalent circuit used to the model the
complex plane of impedance.

ordered at highest temperature . NH3 group of organic cations
occupy cavities in metal halide octahedron and are linked to the
metal halide complex by Hydrogen bonding. At highest tem-
perature, the organic cations possess four equivalent states and
they flip between these states. As the temperature decreases,
the organic cation motion freezes stepwise from four to two and
two to one at the corresponding transition temperatures (T,
and T,). Low temperature monoclinic phase (at T.3)) is real-
ized by non-linear coupling between organic cation and lattice.
These results fairly co-relate with the lowering and dispersion
in dielectric data obtained in the present study.

3.2 Raman Spectroscopy

The vibrational spectra of alkyl ammonium metal halide cat-
egory of hybrid compounds can be divided in 2 regions. The
region below 300 cm™! describes external modes of crystal in-
cluding vibrations of metal-halide octahedron, while the region
above 300 cm~! describes the internal vibrations of organic

cations. Although Raman spectra of EA-CdCly is reported in
the frequency range (50 - 350) cm~! range by various groups
212340 " vibrational spectra for internal modes for organic ion
have not been reported. R Kind et al have proposed a model
of structural transition in (CH3NH3),CdCly, where phase tran-
sitions are described in terms of dynamic disorder of organic
cations between four potential wells'>. The change in orien-
tation order of organic ion with temperature leads to structural
transitions. This mandates a study of the internal vibrations of
organic ions. In the present study, we have attempted to analyse
the temperature dependent Raman Spectra for EA-CdCly in the
frequency range 150 — 4500 cm ™! to understand the dynamics
of structural phase transition. Fig 7 shows the spectra collected
at room temperature, 220 K and 77 K which highlights signif-
icant changes in the modes observed at both temperatures. All
the Raman active modes in the compound are assigned based
on the calculation (using Guassian software) presented in Table
1 and are well supported by literature>!#!. The modes in var-
ious regions are divided into the following frequency classes:
(i) Cd—Cl bending and stretching modes 150 — 300 cm ~!,
(ii)) C—N and C—H stretching modes 1000 — 1050 cm -1 (i)
Symmetric and antisymmetric NH bending 1350 — 1800 cm ~!
and (iv) Symmetric and antisymmetric NH stretching 3000 —
3200 cm~!. In addition, we also observed several modes aris-
ing due to N—H~Cl hydrogen bond, torsional motion of molec-
ular subunits and combination modes and overtone of C—N and
C—H vibrations.

108K| l l, I
198 KI A ﬁ, A
203 KI A ﬁ, A
208K| \ L A

213K| A )L A

4 298 K

Intensity (arb units)

T T T T T T T
200 400 900 1200 1500 2750 3000

Wave number (cm’)

Figure 7 Raman spectra of (CoHsNH3 ), CdCly at 77 K and 300 K in

the frequency range (150 — 4500 cm™1..

Near the phase transition temperatures, significant spec-
tral changes are observed. The transitions are in agreement
with the transition temperatures reported in single crystal X ray
diffraction study '# and dielectric measurements reported in the
present work. We used the temperature evolution of vibrational
frequencies and full width at half maximum (FWHM) related
to vibrations/bending modes of various molecular subunits to
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Table 1 Calculated vibrational wave-numbers, observed Raman band
positions and assignment for (CoHsNH3 ), CdCly.

Calculated Experimental Mode Assignment

191 176 6(Cd—C1)

206 216 v(Cd—Cl)

268 275 T(NH3)

384 409 p(NH3)

805 798 p(NH3)

865 870 v(C—N)

963 971 p(NH3)

1005 1047 6(C—C—N) bend

1177 1186 O;(NH3)

1212 1216 05(NHj3), 6,(NH3)

1314 1333 O6NH3, 6(CH»)

1370 1375 6(CH>) (umbrella reformation)
1461 1465 0(CHy) (scissoring), 6,(CH3)
1631 1613 6(N—H) (bend), 6(NH3)
2945 2891 vs(CH3)

2982 2939 v(N—H), vs(CHj)

2989 2972 v(N—H), vs(CH,)

3003 2990 v(N—H)

3050 3039 v(N—H)

3130 3070 v(N—H3)

3169 3098 vo(N—H)

3264 3158 vo(N—H)

v stretching; 6 deformation; p rocking; 7 torsion

explain the dynamics driving these phase transitions. At room
temperature, EA-CdCly is in Bmab orthorhombic phase and the
ethyl-ammonium ions are disordered with two symmetrically
equivalent orientations as shown by the X-Ray diffraction stud-
ies'*. Below the phase transition (216 K) only one orientation
remains and the system transforms to Pbca space group. The
spectral features below 300 cm~!, matches well with earlier in-
vestigations. The frequency of internal vibrations of CoHjs NH3+
molecular group generally lie above 300 cm™!, so molecular
group can be considered rigid with only translational and rota-
tional (libration) degrees of freedom. Three frequencies centred
at 122, 170, and 216 are observed in the spectral region below
300 cm~! as shown in Supplementary data (Fig S1). One more
mode is observed at 275 cm~!, which is shown in Fig 8.

The peak close to 120 cm™! is assigned to the translatory and
rotatory modes of the ethyl ammonium group, while the one at
216 cm~! is consequent to symmetrical stretching of Cd—Cl
octahedron due to vibrations of Cd and Cl atoms at axial posi-
tions2!. The frequency mode observed at 170 cm ™! arises from
displacements of axial and equatorial chlorine atoms which
cause Cd-Cl bending?!. A broad feature is observed at 275
cm~! which is assigned to internal torsional motion of NH3 in
the organic group’. It is worth noting that in isolated CH3NH3+
group, NH3 torsion motion is neither Raman nor IR active. So
even in C2H5NH§L, it is supposed to be inactive. The presence

of torsional mode is attributed to the intramolecular interactions
of NHj3 with chlorine atoms through N-H Cl hydrogen bonds.
This band shifts to higher frequency below T.,, as shown in
Fig 8. Upon cooling from room temperature to 77 K, we ob-
serve abrupt changes for frequencies 168 and 275 cm™! near
T,o, while minute changes are seen in the vicinity of T3 = 114
K. The abrupt shift to higher frequency in the torsional mode
of NH3 on cooling is consistent with hydrogen bond strength-
ening at low temperature, due to ordering of organic ion chain.

In the range, 500 — 1750 cm —1 several deformation and
T T T T T T O
o’O/O—O/
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Figure 8 Temperature evolution of raman shift and fwhm of torsional
mode of NH3. Inset shows temperature evolution of NH3 torsion
mode.

C—N, C—H stretching modes are observed, as seen in Table 1.
The temperature evolution of these modes are shown in Sup-
plementary data Fig S2 and S3. Many of these modes, undergo
marked change across T, while negligible or no change is ob-
served across T.3. FWHM of few deformation modes of NHj3
show small change across T3 as shown in Fig 9(a).

The stretching modes of ammonium end of alkyl ammonium
ion are presented in Fig 9(b) ad (c). Stretching modes of
X—H (X = O, N...) seen in the high frequency region above
2000 cm~! and do not interact with other vibrations ex-
cept X—H stretches. X—H bonds can easily form hydrogen
bonding X—H, which drastically lowers the stretching fre-
quency but are identified from broadening and intensification
of bands/modes. Although hydrogen bond has a weak interac-
tion, it produces significant changes in the vibrational spectra.
In EA-CdCly, hydrogen bond with chlorine (Cl), resulting in
lowering of N—H and C—H stretching modes.

C—H symmetric and antisymmetric stretching modes typi-
cally occur in the range 2800 to 3000 cm~'. One Symmet-
ric (2889 cm™!) and two antisymmetric stretching modes at
2972 and 2982 cm™~! are seen in this range, for -CH3 group.
The asymmetric peak at 2972 cm™! softens with temperature

Page 6 of 9
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and abruptly shift to 29068 cm™! at T, and splits to give one
more mode at 2974 cm~!'. The CH, group associated with
N, also gives rise to C—H antisymmetric stretching mode at
2923 cm™!, which splits to give rise to another peak while ap-
proaching T.3. Due to vibrational coupling between identical
C—H vibrational modes sharing the same C atom, 3 additional
frequencies are evident: one symmetric and 2 anti-symmetric.
The former occurs at low frequency, while antisymmetric mode
occurs at higher frequency. There is no coupling between C—H
modes belonging to different C atoms. Similarly, N—H sym-
metric and antisymmetric stretching modes are observed in the
range 2900 to 3200 cm~'. N—H stretching generally corre-
spond to 3400 cm™! but the frequency reduces sharply in case
of hydrogen bonding. In (C;H5NH3),CdCly, N—H forms hy-
drogen bond with Cl atom of Cd—Cl octahedron which lowers
the frequency of N—H stretching modes resulting in modes at
2990 cm™! (symmetric); 3073 and 3098 cm ™! (antisymmetric).
Other modes are seen at 3035 and 3185 cm™! due to coupling
between identical N—H stretching. All modes in this region
soften with decrease in temperature and anomalies are seen at
both T, and T3.

Raman studies show significant changes in the temperature de-
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Figure 9 (a)Temperature evolution of Fwhm of various NH3
deformation modes in the temperature range 77 - 298 K.
(b)Temperature evolution of Raman shift of symmetric and
antisymmetric stretching modes of N—H and C—H bonds
(CyHsNH3 )2 CdCly.(c)Temperature evolution of Fwhm of
corresponding vibrational modes in the temperature range 77 -
298 K..

pendence of the wavenumber and fwhm of various vibrational
modes in the proximity of the structural transitions observed
below room temperature. The temperature dependence of in-

ternal modes and its fwhm of organic cations consolidates their
(reorientation order) role in structural modifications. The ob-
served results are consistent with the theoretical predications
for (CH3NH3),CdCly. From the structural data available, it is
known that at room temperature, the system is disordered and
the C-C bond is constrained to lie on a mirror plane yielding
two equivalent positions for the organic chain. Hence, the sym-
metry equivalent chains influence the Cd-Cl octahedron via hy-
drogen bonding leading to an anomaly in bending mode for the
octahedron across T.2. The number of symmetrically equiva-
lent sites reduces resulting in structural transition at T., which
is reflected in the vibrational modes associated with both Cd-Cl
octahedron and external and internal vibrations of the organic
chain. The monoclinic transition cant be explained in terms of
order-disorder model. Further it can be explained in terms of
non-linear coupling of organic chain motion with the Cd-Cl oc-
tahedron. Since, the Cd-Cl octahedron is weakly coupled with
the organic chain through hydrogen bonding, the changes in
vibrational spectra at T3 are not as prominent as that at T;.
Very few modes associated with C—N and N—H stretching
modes show small variation across T.3. Despite lack of sin-
gle crystal data to confirm the existence of monoclinic phase at
low temperature, theoretical calculations and Raman studies on
(CH3NH3),CdCly predict a monoclinic phase with space group
P2,/b. (C;H5NH3),CdCly also belongs to the same family of
compounds and a similar monoclinic structure has been pre-
dicted. It is worth noting that P2/, space is a maximal sub-
group of Pbca space group and does not satisfy Landau con-
dition*? for a second-order transition according to Geick and
Strobel criterion*3. This implies towards presence of first order
transition which has been seen in the heating and cooling cy-
cles of dielectric measurements. However, the observed raman
behaviour of few NH3 vibration mode across T3 point out to a
first order-like transition, instead of strongly first order nature
and occurs over a broad range of temperature. On the basis of
linewidth as function of temperature, it can be asserted that this
transition is related to torsion and libration motions of organic
group and is associated with a small distortion of lattice. The
transition is displacive in nature, rather than an order-disorder
transition and is therefore very weak in nature, manifested only
in few raman modes belonging to motion of organic group.

On the basis of dielectric and Raman studies, we postulate 4
phases of (CoHsNH3),CdCly evolving with temperature. The
system consolidates into a tetragonal [4/mmm phase at high
temperature. As the material is cooled, it undergoes structural
transition to orthorhombic Bmab phase, which later transforms
to Pcab phase at about 214 K. Further an addition structural
transition is observed below 110 K where the system goes to
monoclinic symmetry.
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4 Conclusion

The dynamics of phase transitions in (C;Hs;NH3),CdCly are
understood by dielectric and Raman studies. The anomalies
observed in vibrational frequencies and fwhm at transition tem-
perature are attributed to phase transitions. Dielectric measure-
ments regard these anomalies in the perspective of three transi-
tion temperatures. The phase transitions are driven by the or-
dering of (C,HsNH3)™ ion. Internal vibrations of N—H and
C—N stretching modes and their FWHM provide additional
insight to the ordering mechanism for low temperature transi-
tions. High temperature dielectric response describe relaxation
behaviour and are believed to be considerably different from
ideal Debye type relaxation. The dielectric constant increases
with temperature while relaxation time decreases for high tem-
perature phase. The observed decrease in relaxation time can
be correlated with weakening of H-bonds as the temperature
increases. The determined relaxation time is characteristic of
the combined reorientation of ethyl-ammonium groups. Ra-
man and dielectric studies confirm the existence of all 4 phases
in (C2H5NH3)2CdCI4.
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