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Infrared spectroscopic investigations of [(CHsz)2CHNHj3|4CdsClip crystal doped with copper
(IPACCC) have been done in a wide temperature range covering the ferroelastoelectric phase in
order to get more information about the nature of the phase transitions. The structure of the doped
IPACCC crystal was found to be close to the structure of the initial one (IPACC). The Cu®*" ion in
the IPACCC crystal statistically replaces Cd®T ion in the anionic complex consisting of three “metal-
halogen” octahedra with different orientation of their axes relatively to the main crystallographic
directions. The phase transitions have been confirmed at 771 = 358 K, 75 = 293 K and 73 = 253 K.
These changes were clearly detected by the shifts or jumps of wavenumbers and intensities of modes
mostly connected with internal vibration within isopropylammonium cation.
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I. INTRODUTION

The IR spectra are an important source of informati-
on on interactions and molecular dynamics and usually
are used to study phase transitions in newly grown
crystals. Such an approach was used for the recently
synthesized initial crystal of tetra (isopropylammoni-
um) decachlorotricadmate (II) with chemical formula
[(CH3)2CHNH;3]4Cd3Clyp (IPACC) [1]. Their structure
is built of the two dimensional network of CdsCl;q units
interconnected by isopropylammonium cations. Taking
into account that the related hybrid organic-inorganic
compounds show unusual structural architectures of the
halogenocadmate (IT) complexes and chemical flexibili-
ty, it is possible to create different crystal structures to
optimize their physical properties [2, 3]. These hybrid
organic—inorganic crystals containing different organic
cations and inorganic anions exhibit structural phase
transitions of various types and they are a subject of
numerous investigations [4-18].

IPACC exhibits several temperature-dependent phase
transitions and therefore the structures of the indi-
vidual phases were studied. Dielectric, dilatometric,
X-ray,differential scanning calorimetry (DSC), birefri-
ngence and heat capacity studies [18-20] revealed three
phase transitions presented in the scheme below (77, T
and T3 indicate the phase transitions temperatures):

T1=353 K T5=294 K T5=260 K
Cmeca — Pbca — P21292; — P2/b.
I (II) (I10) (IV)

The phase transition at 353 K is associated with the
distortion of the anionic sublattice and is displacive in
character, whereas the remaining transformations are
dominated by the order-disorder phenomena of the cati-
onic sublattice.

This work may be used under the terms of the Creative Commons Attribution 4.0 International License. Further distri-
v bution of this work must maintain attribution to the author(s) and the title of the paper, journal citation, and DOI.

Phase transitions in the TPACC crystal have been
studied by different methods of vibrational spectroscopy
in a wide temperature range. The temperature changes
of the bands parameters were analyzed in order to clarify
cationic and anionic contributions to the phase transiti-
ons mechanism. The current results derived from DSC
and infrared measurements revealed an additional phase
transition at Tx=120 K [1].

One can suppose that the partial substitution of the
cadmium ion with copper would affect the phase transi-
tions in IPACC crystal, first of all, their temperatures,
since the inorganic anions influence the dynamics of
the organic cations, that are responsible, at least, for
the two low temperature phase transitions. Moreover,
it is necessary to note that due to doping with
Cu®T ions, new [(CH3)oCHNH3],Cd3Clyo:Cu (IPACCC)
compounds become of special interest to scientists, si-
nce they could reveal principally new magnetic properti-
es and possible magnetoelectric coupling. Indeed, the
related crystals with an alkylammonium cation and
transition metal ions in their structure were found
to be multiferroics since they are characterized by
the coexistence of ferroelectric and magnetic ordering
[21-23]. Besides, it has been shown that the partial
isomorphous replacement of Al3T ion with transition
metal Cr3* is followed by a drastic change of magnetic
and electric properties in the paramagnetic ferroelectric
NHQ(CHg)gAh,wCrI(SOAOQX 6H20 in comparison wi-
th an initial diamagnetic crystal with @ = 0. Moreover,
it was demonstrated that by varying the rate of the
replacement (x = 0.065; x = 0.20) one can induce
and even tune a sign of the magnetoelectric interactions
that were found to be among the largest in the fami-
ly of the known multiferroics [24]. Therefore, one can
conclude that the effective interaction between magnetic
moments and electric charges, which is considered to
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be an important phenomenon in the modern solid state
physics and spin electronics, would be realized in the
organometallic compounds by means of isomorphous
substitution of transition metal ions [24].

On the other hand, the compounds of such a type could
be also interesting for nonlinear optics applications [25—
26]. Doping these crystals with transition metal ions rai-
ses a possibility of quite large photoinduced effects, for
example, a second harmonic generation.

For the first time, the properties of doped IPACCC
crystals were reported in [27, 28]. The EDX analysis
showed that the amount of Cu doping did not exceed
0.5%. It was suggested that the sequence of phases and
their structure in IPACCC is very similar to those in
the initial crystals and some Cd atoms are statistically
replaced with Cu atoms in anionic complex [Cd3Cly]*.
This conclusion is confirmed by the data of X-ray di-
ffraction, heat capacity and the crystal field spectra
study of IPACCC crystals [27]. Besides it was shown
that the temperatures of corresponding phase transitions
in the doped crystals are somewhat shifted compared to
the initial one:

T1=358 K T5—293 K T5=253 K
Cmca — Pbca — P212927 — P2/b.
I (IT) (I1I) (IV)

Phase III was found to be ferroelastoelectric since the
corresponding domain structure was visualized using the
different modes of the atomic force microscopy [28]. The
analysis of the temperature dependence of the optical
birefringence increment showed that the phase transiti-
on at T = 293 K would be related to the first order
close to the second order ones [28]. The investigated
compounds can be considered as a secondary ferroic wi-
th a ferroelastoelectric phase. Their investigations are of
special interest, since only a few specific examples of high
order ferroics are currently known. This is because they
are difficult to identify. Under such circumstances, the IR
studies at different temperatures have been undertaken
to study the molecular interactions’ contribution to the
phase transition mechanisms. Since the low temperature
phase transitions in the IPACCC crystal are due to the
change in the dynamical states of isopropylammonium
cations [(CH3)oCHNH;3| ™, this should be related to the
modifications of positions and shapes of the IR bands
corresponding to the internal vibrations of these cations.

II. EXPERIMENTAL

Light yellow [(CHg)QCHNH3]4Cd30110:Cu (IPACCC)
crystals were grown at 7=304 K from an aqueous soluti-
on of CdCly x4H50, CuCly and (CHs)oNH,Cl salts taken
in the stoichiometric ratio with a small excess of HCI.
The crystals were easily grown and they exhibited a di-
stinct cleavage plane perpendicular to the b axis. Large
and good quality crystals were obtained after about 4
weeks.

The Cd to Cu ratio in the samples was examined by
SEM using a REMMA-102-02 (SELMI, Sumy, Ukraine)
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scanning electron microscope. EDX was carried out by
using an energy-dispersive X-ray analyzer with the pure
elements as standards for Ag and Ge, ZnS for S, and
KBr for Br (the acceleration voltage was 20 kV; K—
and L— lines were used). The EDX analysis showed that
the amount of Cu doping does not exceed 0.5 %. On
the other hand, the pronounced yellowish color of the
samples clearly indicates that Cu?* ions are incorporated
into the crystal structure [27].

Temperature dependent IR spectra were recorded with
the resolution of 2 cm~! in the range 50-4000 cm~! usi-
ng a Bruker IFS-88 Fourier transform infrared (FT-IR)
spectrometer. IR measurements were made on the basis
of polycrystals in Nujol. The samples were measured
between KBr windows in the temperature range of
their phase transitions 400-240 K. An APD Cryogenics
closed cycle helium cryogenic system (DE201) was used
to control the temperature below room temperature.
For the measurements of the IR spectra above room
temperature, the Variable Temperature Cell SPECAC
was used. The FIR spectrum was measured with
Bruker IFS-88 applying polyethylene windows. For the
spectroscopic data analysis, the multifunctional Galactic
GRAMS/386 program was used. The error range for the
determination of the peak position was +£0.5cm ™! after
the accumulation of the data and the fitting procedure.

III. RESUTS AND DISCUSSION

A. Infrared spectra of IPACCC crystals

The Fourier-transform infrared (FT-IR) spectra of
IPACCC crystals were measured in the range of 50-4000
cm~t at 300 K (Fig.1).

——1IPACC
284 IPACCC

N

2.4

22 T T T T T T T 1
500 1000 1500 2000 2500 3000 3500 4000
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Fig. 1. Comparison of IR spectra of IPACC and IPACCC
crystals in the range 300-4000 cm ™' at 300 K

The factor group analysis of the fundamental modes
in phase II (Table 1) was performed by analogy with
the initial IPACC crystal [1]. On the basis of the data
of the XRD study [27], one can assume that Cu®* ions
statistically replace Cd?* ions in their anionic complex.
Classification of the fundamental modes in other phases
also would be performed by analogy with the case of the
IPACC crystal [1].
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Lattice mode Internal modes Selection rules
Ac IPA [M63C110]4_ IPA1[IPA2 [Me3C110]4_ IR Raman
L|\T

Dy,
Ay 6|6 3 36 36 15 1| 2myy,zz
By 6|6 3 36 36 15 1 zy
Bay 6|6 3 36 36 15 i 2T
Bsg 6|6 3 36 36 15 1 yz
Ay 663 36 36 18 i )
Bi,| 1 (66 2 36 36 18 Z Ty
Bay| 1 |66 2 36 36 18 Y zY
Bs,| 1|66 2 36 36 18 X zY

Table 1. Classification of the fundamental modes for the IPACCC crystal (phase II). Abbreviation: A. — acoustic modes, T —
translational modes lattice modes, L — librational type lattice modes, i — inactive

The wavenumbers, relative intensities and proposed
assignments of the internal vibrations at 300 K in
IPACCC were compared with those in the initial IPACC
crystal (Table 2). These characteristics were obtained
for both crystals in Nujol, whereas the assignment of
the modes for IPACC in the low frequency range was
performed also taking into account the data obtained in
Flurolube mulls (the corresponding data are marked by
stars in Table 2).

The assignments of the modes proposed in Table 2
have been based on the comparison with the IR spectra
of isopropylammonium cations [14, 29, 30] and the vi-
brational spectra of the isopropylamine molecule [31].

As follows from the X-ray diffraction data [18] for
the initial crystal, one can suppose that IPACCC
is characterized by a disorder of the isopropylamine
cations in all phases. The C-C (between 1.634 and
1.35A) and C-N (between 1.405 and 1.529A) distances
in the IPACC crystal indicate disorder. According to
the structural parameters of an isolated isopropylami-
ne molecule [32], those distances should be 1.522A (for
CC) and 1.466A(CN), correspondingly. The disorder
observed using the X-ray structure analysis of the ini-
tial crystal may be checked by the vibrational spectra
of IPACCC. Thus, the presence of IPA cations with di-
fferent structures should lead to the splitting of some
bands arising from internal modes of TPA cations. The
most useful for this purpose seem to be those internal
modes in which the skeleton vibrations play the most
important role, and those internal modes which give ri-
se to the bands appearing in the regions free from other
vibrations. The analysis of the IR spectra shows that
such conditions are fulfilled by the band appearing at 800
em ™!, corresponding to the symmetric skeletal stretchi-
ng vibration v;(CCC) [31, 32]. At 300 K, a single band
at 796 cm ! was observed, slightly asymmetric from the
low wavenumbers side. This observation clearly shows
that the IPA cations are not statistically disordered and
moreover, all cations are structurally identical, at least
from the skeleton point of view.

Most of the bands for both crystals coincide in
frequency that testifies to their similar structure. In this
case, the anionic complex has the same symmetry and
consists of three “metal-halogen” octahedra of two types

[27]. The octahedron of the first type is more distorted
along the Z-axis, whereas in the octahedra of type II the
distances of the “metal-ligand” in the equatorial plane
and along the Z-axis are closer [27].

—— IPACC
IPACCC

2.8+

T T T T T T T T 1
100 150 200 250 300 350 400 450 500

Fig. 2. The infrared spectra of IPACCC crystals at 300 K in
the range 50-500 cm ™ *

It is known that the internal vibrations of the metal-
halogen complex as well as the skeletal vibrations of the
organic cation manifest themselves in the low-frequency
region of the spectrum. Taking into account that the
isomorphous substitution first of all affects these types
of vibrations, let us compare the IR spectra of both
compounds in the spectral range of 50-600 cm ! in detail
(Fig. 2). One can note the appearance of a clear addi-
tional band in TIPACCC at 381 cm~!. It is connected
with the splitting of §,(CCC) skeletal mode due to the
interaction of the IPA groups with the octahedra contai-
ning Cu?t and Cd?*, respectively. Besides, a new very
weak band with a maximum at 320 cm™! appears in
the IR spectrum of IPACCC. It would be identified as
v3 (Cu—Cl) vibrational mode in the octhaedron. Besides,
the replacement with Cu?* ion is followed by the spli-
tting of the band at 140 cm ' with the appearance of a
new shoulder at 149 cm~!. This new band corresponds
to vo (Cu—Cl) vibrational mode of the octahedron, whi-
ch is shifted toward higher frequencies comparing to the
analogous mode 5 (Cd—Cl).
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TPACC TPACCC
TR in nujol IR Assignement
T=300 K [7T=300 K
3461 Intra-ions transition of CuZT
3186 vs va(NHT)
3140 vs 3131 v, (NH7)
3105 s,sh v (NH )
3045 s,sh vs(NH3)
3983 5% 3981 Vo (CH3)
3936 5% 2935 Vo (CH3)
2888 s,sh v(CHs3))
2852 vs v, (CHg)
2802 »(CH)
2787 vw
2687 vw 2689
2640 vw,sh 2640
2562 vw 2566
2475 vw, sh
2461 vw 2462
2408 vw 2407
2359 vw* 2361 w
2340 w
2333 vw*
2321
2281 vw*
2194 vw 2193
1946
1873
1860 vw
1800 vw 1790 vw
1716
1697 vw 1690 vw
1652 vw
1623 s, sh O0(NH)
1617 s, sh
1584 vs, sh | 1580 5. (NH7)
1579 vs 5. (NHJ)
1483 vs 5. (NHJ)
1476 5. (NHT)
1470 s, sh 5, (NHY)
1462 m~ 5, (CHs)
1449 w* 5,(CHs)
1401 m 1396
1383 m 1382 5.(CHs)
1374 nm, sh 6, (CHz3)
1366 nw, sh
1348 w 5(CH)
1303 vw, sh
1205 m 1202 v(NHy)
1162
1158 m v, (CCC)
994 w, sh 991
984
979 m v (CH)
960 o(CH;)
956 vw o(CHg)
938 w o(CHgs)
932
928 vw, sh o(CHgs)
893 vw, sh
797 w 797 vs(CCC)
668 6(CCN)
160 m 160 5 (CCON)
431 d(CCN)
396 m 397m 5.(CCC)
381 w 6,(CCC)
325 vw vz Cu-Cl
247 m* 246 m v1 Me-Cl1
202 m* 203 m v4 Me-Cl1
149 s, sh vy Cu-Cl1
140 vs* 141vs vy Cd-Cl
101 m,* 101 m vs Me-CI
76 trans CCN
62

* — IR bands of IPACC crystal in Fluorolube+FIR at 300 K

Table 2. Experimental wavenumbers (cm™!), relative

intensities and assignments of the bands observed in

the IR spectra of [(CH3)2CHNHs3|4CdsClip [1] and
[(CH3)QCHNH3]4CC1301101CU crystals.
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B. Temperature evolution of IR spectra IPACCC
crystals

In general, the IR spectra in the low temperature range
are considerably different from those at 300 K and high
temperatures (i.e. at 400 K). The temperature evoluti-
on of the bands attributed to internal vibrations of CHg,
NH;r groups of IPA molecule and their overtones, includi-
ng phases I, IT, IIT and IV, when the samples cooled down
to 248 K, is depicted in Fig. 3.

1000 -
900 -
800
700 4
600

o 5004 .
400
300 |

200

100

T T T T T 1
1500 2000 2500 3000 3500 4000

v em’”
Fig. 3. IR spectra of IPACCC crystal at different

temperatures

Unfortunately, the number of temperatures, at whi-
ch the measurements were performed, was limited. As a
result, we hardly could determine the exact temperatures
of the phase transitions on the basis of the observed
temperature changes of IR spectra, but it is possi-
ble to draw conclusions about the trends of structural
changes in certain phases. The exact temperatures of
phase transitions were taken from the previous calori-
metric and optical-spectral studies [27, 28§].

Compared to the initial crystal [1], a wide asymmetric
band arises in IPACCC with a maximum at 3464 cm ™!,
The band was reported in paper [27] and was related
to the intra-ion transitions of Cu?T ion. It has been
shown that this complex band consists of two elementary
contours corresponding to the allowed and forbidden
electronic transitions from the ground at the excited
state of 3d° configuration of Cu?* ion in the octahedral
complexes of low symmetry. The position and intensi-
ty of this complex band are considerably dependent
on temperature. The most noticeable changes of both
parameters are observed at cooling below the phase
transition point 7o = 293 K, when the entire band is
shifted toward lower values of the wave number and
its intensity (oscillator strength) decreases. The latter
parameter considerably decreases also above 77 = 358 K.
Such a behavior reflects considerable changes in the level
of distortion of the metal-halogen octahedra. The band
is characterized by a maximal intensity in phase II lying
between T; and T5. The increase in intensity would be
related to a partial removal of the selection rule by pari-
ty due to the distortion of the metal-halogen complexes.
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According to the data of [27], this concerns first of all
the second type of octahedra which was found to be the
most tetragonally distorted in phase II.

22000
21000
20000

— 19000

«©

— 18000
17000 +
16000

15000 - "

T T T T T T T T T
240 260 280 300 320 340 360 380 400 420
T,K
Fig. 4. Temperature dependence of the area under the contour

of the asymmetric band with a maximum at 3464 cm~!
proportional to the oscillator strength
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Fig. 5. Temperature evolution of IR bands intensity of
IPACCC crystal in the ranges 1380-1600 cm ™' and 2800-

3140 cm™*
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P = 1716 cm’”
450 4 "* - A 1873 cm’
i .. v 1944 cm’
S 1
400 - . ® . o ¢ 2190 cm1
o | « 2321cm
350 - * » 2410cm’
5 * * 2462 cm’
300 * 2564 cm’
= e 2689cm’
250 ‘ .
4
;L
200 | N 8
00 . L
150 |
,,,,, oo
100 T T T T T T T T T
240 260 280 300 320 340 360 380 400 420

T,K

Fig. 6. Temperature evolution of IR bands intensity of
IPACCC crystal in the range 1715-2690 cm™*
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Fig. 7. Temperature evolution of wavenumbers positions for
the bands at: a) — 2280 cm™'; b) — 2640 cm™';c) — 2857
1

cm

Please note, that the dashed lines in Figs.4—7 and 9
show the trend of corresponding changes within a certain
phase and are used only to guide the eye. The doted lines
indicate phase transition temperatures.

Other bands identified in Table 2 would be considered
as vibrational modes. Their intensity and wavenumbers
positions undergo substantial changes with temperature
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due to the phase transitions. Let us consider in detail the
modes most sensitive to the phase transitions.

We took into account that the temperature changes
of the metal-halogen polihedra at the phase transitions
were carefully studied on the basis of the analysis of
the crystal field spectra [27]. On the other hand, the
temperature evolution of the skeletal modes of IPA group
in IPACC was discussed in [1]. We do not expect any di-
fference in their behavior in IPACCC in respect to the
initial crystal. Under such circumstances we will analyze
in detail the temperature changes of the bands lying at
higher frequencies (wavenumbers).

Fig. 5, 6 present the temperature evolution of the
intensity of the bands observed in the IPACCC crystal
in the range of 1470-3200cm~!. In Fig.5, there are
the data concerning the modes that correspond to the
internal vibrations of the ammonium head and methyl
groups and were found to be sensitive to the phase
transitions. First of all, it is necessary to mention the
anomalous behavior of the modes around 1476 and 1576
ecm~! corresponding to the symmetric and asymmetric
bending vibrations of NH;‘ group, respectively. They are
effectively not sensitive to the high temperature phase
transition at 77, while manifesting considerable changes
at the low temperature ones at 7o and T3. Their behavi-
or correlates with corresponding structural changes. The
phase transition at 73 is associated with the distortion
of the anionic sublattice and is displacive in character,
whereas the remaining transformations are dominated by
the order-disorder phenomena of the cationic sublatti-
ce [18-20]. That is why the phase transitions at T and
T3 mostly affect the bending vibrations of NH; group.
It is necessary to take into account that the ammoni-
um head participates in the formation of the hydrogen
bonds and the latter are changed at the low temperature
transitions of the order-disorder type. Such a difference
is less pronounced for the stretching vibrations of NH;‘
and CHj groups (2935-3135 cm~!) although the low
temperature phase transition is followed by a very sharp
change of the corresponding modes intensity.

Fig. 6 presents the temperature change of the bands
observed in the region of 2000-3200 cm~!. Although
these modes are identified as the overtones in respect
to the skeletal vibrations of IPA and different types of
vibrations of ammonium and methyl groups, they were
found to be sensitive to phase transitions. The sharpest
jump in intensity was observed in the vicinity of the PT
at Ty = 358 K for the band at 2190 cm~!. It means
that IPA cations are involved in the transition of the
displacive type. The intensities of this mode as well as
of the other presented in Fig. 7 also are changed at the
low temperature phase transitions connected with the
organic cations ordering, which looks reasonable.

The temperature dependence of the wavenumbers
positions of some bands found in the range between
2280 and 2860 cm~! (Fig. 7) looks more sensitive to
the influence of the phase transitions. Most of them are
considered as the overtones of the different vibrations
within the organic complex. In particular, the modes at
2280 cm ! (overtone of v,(CCC) stretching mode), 2640
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em~! (overtone of § (CH)) and 2857 cm™! (overtone of
5 (CH3)) appear only at cooling below T} temperature.

The most pronounced manifestation of the high
temperature phase transition at 77 was observed for the
band in the range of 1850-1970 cm~! designated as an
overtone to the stretching v,(CCC) mode at 797 cm™1!.
The temperature evolution of this band is shown in Fig.
8. In phase I only one band with a maximum at 1940
ecm~! was observed. At Ty (I-1I) it is split. In phases II
and III already two bands at 1869 cm ™! and 1944 cm™~!
are observed.

3509 —— 248K

——270K

—— 285K

300 4 300K

342 K

358 K

250 - 378K

5 —— 400K

@ AW

- 200 4
150 -

100 T T T T T T T T 1

1700 1800 1900 2000 2100 2200
v em”

Fig. 8. Temperature evolution of IR spectra of IPACCC
crystal in vicinity of the band at 1940 cm™!
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1950 A “m .
- L W "
5 19404 T B
v 1880 m o
‘- - y
M T ]

1870 A

1860

1850

T T T T T T T T
240 260 280 300 320 340 360 380 400
T,K

Fig. 9. Temperature evolution of vibrational band at
1940 cm ™!

The observed splitting correlates well with the data
of previous investigations of the IPACC crystal [1].
The IR studies showed that the 1,(CCC) asymmetric
stretching and ¢(CH3) modes of internal vibrati-
ons of the isopropylammonium cation are observable
in the whole temperature range as well as exhibit
temperature anomalies in the vicinity of the critical point
temperatures 77, T» and T5. This means that the changes
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in the dynamical state of the cation are noticeable. The
intensity of these bands decreases with a decrease of
temperature. This is due to the fact that in phase III
two groups of cations are arranged — these are cations
IPA-B and IPA-C. Such behavior is also observed in the
ferroelastoelectric phase IIT in IPACCC (see Fig. 5).

The presence of different numbers of distinct IPA cati-
ons, depending on the particular phase, leads to a di-
fferent degree of Davydov splitting of the bands that are
associated with internal vibrations of these cations. This
alteration shows that not only the v,(CCC) modes but
also the corresponding overtones are very sensitive to the
temperature changes.

As follows from the analysis of the IR spectra
temperature evolution for IPACCC crystals (Figs 3-9),
in the vicinity of the temperatures 77 = 358 K, T = 293
K and T35 = 253 K, which can be attributed to the PT,
there are anomalies in the parameters of the vibrational
modes, first of all of isopropylammonium groups, which
are responsible for the phase transitions.

IV. CONCLUSIONS

Wide temperature range vibrational analyses have
been done in order to get more information about the
role of the cation contributions to the mechanism of the
phase transitions in IPACCC crystals. The structure of
IPACCC crystal was found to be close to the structure of
IPACC initial crystal. In this case, the anionic complex
possesses the same symmetry and consists of three
“metal-halogen” octahedra with different orientation of
their axes relatively to the main crystallographic directi-
ons. The Cu?* ion in the IPACCC crystal statistically
replaces the Cd?* ion.

In comparison with initial TPACC the new wide

asymmetric band with a maximum at 3464 cm~! has
been detected. It was related to intra-ion transition in
Cu?*. It is shown that the temperature evolution of its
intensity and position reflects the change of distortion
level of the metal-halogen polyhedra and correlates wi-
th the conclusions made on the basis of analysis of the
crystal field spectra [27].

In the range of 100-600 cm ™! there appear the tree
additional modes. The two of them have to be related
to v2(Cu-Cl) and v3(Cu-Cl) vibrational modes in the
octahedron. The third band at 381 cm~! would be consi-
dered as a result of ; (CCC) mode splitting and is caused
by interaction of IPA cation with the polihedra contai-
ning Cu?* and Cd?* respectively.

Besides, a detailed analysis of frequencies and intensi-
ties of the vibration modes has been made, mainly at
temperatures close to the temperatures of the phase
transitions. The results obtained in these investigations
are in good agreement with the previous study of IPACC
and IPACCC crystals [1, 27, 28].

The parameters of spectra presented in Figs. 3-8
reflect significant transformations of the crystal structure
at the phase transition points. The transitions have been
confirmed at Ty = 358, T, = 293 K and T3 = 253 K.
These changes are clearly seen as shifting or jumping of
wavenumbers and band intensities.

In particular, the high-temperature PT of a displacive
type (11 = 358 K) is clearly manifested in the infrared
spectra by appearance of additional modes correspondi-
ng to cation internal vibrations and their overtones. It
has been found that the band at 1940 cm~! splits into
two modes at 1869 cm~! and 1944 cm™! at this phase
transition. The low-temperature phase transitions are
followed by the considerable variation of the vibrati-
on modes parameters reflecting the ordering of organic
complexes.
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BUBYEHHS ®A30BUX IIEPEXO/IB Y HOBOMY CEIHETOEJIACTOEJIEKTPUYHOMY
KPUCTAJII [(CH3).CHNH;],Cd;Clyy, JETOBAHOMY MIJJI0, METOI0OM THOPAYEPBOHOT
CIHEKTPOCKOIII

B. Kanycrsaux®, FO. Yopuiit', 3. Yamns?, O. Uynincexmii®
L ®isuunuts paryavmem, Josiscorutl nayionasvhul yrnisepcumem imeni Isana Opanxa,
eya. Apazomanosa, 50, 79005, Jveis, Ykpaina,
2 Bpousaecoruti ynisepcumem, Incmumym excnepumenmanvnoi gisury, m. Bpoynas, na. Bopra, 9, PL-50204,
3 Bpousascvrut yrisepcumem, Ximiwnul daxyiomem, m. Bpoynas, sya. @. XKoaio-Kiopi, 9, PL-50383

Crarrsa npucBsiueHa JOCIIJKeHHIO BBy JeryBanusa Minmio kpucranais [(CHsz)oCHNH;],CdsClyg
Ha ocoOmuBOCTi ixHBOI cTpykTypu. KpiMm mporo, meromamu iH(pPadIepBOHOI CIHEKTPOCKOIII JTOCTIIKEHO
cTPYKTYpHi 3Mminn nig yac dasosux nepexonis y kpucranax [(CHs)oCHNH;]|4CdsClyg, seropanmux mimmeo
(IPACCCQ). Ixni indpadepsoni ciexTpn BUBYA/IN B IIMPOKOMY Jiaa30Hi TeMIepaTyp, mob oOTpEMATH Oi/lb-
e irdopMariii mpo npupoay (pas3oBUX MEPEXOIiB, 30KpeMa B cerneroenacroenekrpudny ¢asy. Ha ocrosi
MOPIBHAJIBHOIO AHAJI3Y OTPUMAHUX JIAHUX YCTAHOBJIEHO, IO CTPYKTypa JeroBanoro kpucraia IPACCC
6am3bKa 10 cTpykTypu BuxigHoro kpucrana [(CH;)sCHNH;],Cd;sClyg (IPACC). IopiBHsiHO 3 BUXiAHUM
KPHICTAJIOM BHSABJICHO HOBY IIHPOKY aCHMETPHYHY CMYTY 3 MaKCHMyMoM 3464 cv~'. Bona mos’a3aHa 3 BHY-
TpimubofionaEME nepexozamu B foni Cu?t. Hon Cu?t B xpucrani IPACCC crarucridso 3aMiHioe HOH
Cd?* B anioHHOMY KOMILIEKCI, 110 CKJIAJAETbCH 3 TPHOX 3/1e(bOPMOBAHUX “MeTaJl-raJOreHHUX’ OKTAae/IpiB
3 PI3HOIO OPiEHTAITIEIO TXHIX OCell BiTHOCHO OCHOBHUX Kpucrajorpadivnanx Hamnpsmis. Kpim 1b0ro, mpose-
JIGHO JIeTaJIbHUN aHAJI3 3MiH 9aCTOT Ta IHTEHCUBHOCTEN KOJMBHUX MO, TOJIOBHO 3a TEMIEpaTyp, Oau3b-
KuX 110 Temieparyp dazoBux nepexomis. IligTeepkeno nassuicts dazoBux nepexosis 3a 17 = 358K,
Ty = 293K i T3 = 253 K. Ili 3minu Oyau 4iTKO BUSIBJIEHI 33 3MiHAMHU XBUJILOBUX YHCEJI Ta iHTEHCHUBHO-
creil MoJ|, MOB’A3aHKX 13 BHYTpIMIHIMU KoMMBaHHAMYU B KaTioui i3onponisamonio (IPA). Iliarsepzxkeno,
0 /IBAa HU3bKOTEMIIEPATYPHI MEPEXOu, 0 00OMEXKYIOTh CerHeToesacToeseKTpudny a3y, moB sa3aHi 3
YIOPsLAKYBaHHAM opraniununx komiuiekcis IPA. Bucokoremneparypuuii (pa3oBuii nepexin Tuiry 3MileHHs
(T, = 358K) cynpoBOIKYETHCSA TOSABOIO JOJATKOBUX CMYT B iH(DPAYEPBOHOMY CIEKTpi, AKi BiAmOBiza-
IOTh BHYTPIITHIM KOJMBAHHAM KAaTiOHIB Ta iXHIM 00epTOHAM. YCTaHOBJIEHO, IO Ii/T 9ac IIHOro (Ha30BOrO
mepexony cmyra 3a 1940 e~ ! posmenmioeTsea Ha 181 — 3a 1869 cm ! Ta 1944 cm L.

KurrouoBi csroBa: nepexijni merasin, iHppadepBoHa CIIEKTPOCKOIIisl, KpUCTaJi4Ha CTPYKTYpa, (dha3osi
mepexou, i30MopdHe 3aMIIeHHs, MOJEKYITPHI B3aEMO/Il.
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