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The 'H spin-lattice relaxation time, linewidth, second moment of 'H NMR absorption, differen-
tial thermal analysis, and differential scanning calorimetry of methylammonium tetrabromocado-
mate(II) crystals were studied. A new solid phase was found between 482 K and the melting point
(493 K). The 'H NMR measurements revealed the presence of overall reorientation of methyl-
ammonium cations in this phase. In the room temperature phase, 120° reorientational jumps of the

CH, and NH; groups were detected.

Introduction

(CH;NH;),ZnX,-type (X = halogen) compounds
containing discernible tetrahedral (ZnX,)*~ complex
anions in crystals have recently attracted attention
because of the presence of an unusual solid phase
where the cations undergo translational self-diffusion
as well as overall rotation [1, 2]. This phase resembles
the “ionic plastic phase” found in methylammonium
nitrate [3], iodide [4], perchlorate [5], and bromide [6],
in which highly disordered ionic motions take place.

(CH;3NH;),CdBr, forms monoclinic crystals at
room temperature (space group P2,/c with a =8.1227,
b=13.4355, c=11.4194 A, =96.194, and Z=4 [7]).
The room temperature phase of (CH3;NH5),CdBr,,
consisting of isolated tetrahedral CdBr2~ anions, is
isomorphous with the room temperature phase of
(CH3NH;),ZnCl, [8, 9], whereas this structure is
different from that of (CH;NH,),CdCl,, having a
perovskite-type layer structure [10]. Rao et al. have
found two phase transitions in (CH3;NH;),CdBr,
crystals at 167 and 400 K by differential scanning
calorimetry (DSC) [11]. We have now carried out mea-
surements of the second moment (M,) of 'H NMR
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absorption, the 'H spin-lattice relaxation time (T}),
the linewidth parameter (T5*) of 'H NMR, differential
thermal analysis (DTA), and DSC, in the temperature
range 80—-505 K in order to further clarify the phase
transitions and ionic dynamics of methylammonium
cations in crystals.

Experiments

DTA and DSC were carried out with a homemade
apparatus [12] and a Du Pont 9900 Thermal Analyzer,
respectively. Wide-line NMR spectra were recorded at
40 MHz using a JEOL JNM-MW-40S spectrometer.
Pulsed NMR spectrometers reported elsewhere [1, 13]
were used for the measurements of 'H T; at 8.5, 20,
and 32 MHz and T5* at 32 MHz. A 180°-7-90° pulse
sequence was employed for the determination of T .
T;* was determined from the shape of the free induc-
tion decay after a 90° pulse.

(CH;NH,),CdBr, was prepared by mixing
CH;NH,Br and CdBr,- 4H,0, both dissolved in a
ca. 2 mol dm 2 hydrobromic acid. The obtained crys-
tals were recrystallized twice from a mixed solvent of
methanol-hydrobromic acid (10: 1). The purified crys-
tals were identified by taking X-ray powder patterns
at room temperature and also elementary analysis.
Anal. caled. for (CH;NH,),CdBr,: C, 4.84%; H,

0932-0784 /90 / 0900-1190 $ 01.30/0. — Please order a reprint rather than making your own copy.

Dieses Werk wurde im Jahr 2013 vom Verlag Zeitschrift fir Naturforschung
in Zusammenarbeit mit der Max-Planck-Gesellschaft zur Férderung der

This work has been digitalized and published in 2013 by Verlag Zeitschrift
fir Naturforschung in cooperation with the Max Planck Society for the

@NOIS)

) Wissenschaften e.V. digitalisiert und unter folgender Lizenz veréffentlicht: Advancement of Science under a Creative Commons Attribution-NoDerivs
Creative Commons Namensnennung-Keine Bearbeitung 3.0 Deutschland 3.0 Germany License.
Lizenz.

Zum 01.01.2015 ist eine Anpassung der Lizenzbedingungen (Entfall der
Creative Commons Lizenzbedingung ,Keine Bearbeitung*) beabsichtigt,
um eine Nachnutzung auch im Rahmen zukiinftiger wissenschaftlicher
Nutzungsformen zu erméglichen.

On 01.01.2015 it is planned to change the License Conditions (the removal
of the Creative Commons License condition “no derivative works”). This is
to allow reuse in the area of future scientific usage.



H. Ishida et al. - Isotropically Reorienting Cations in (CH;NH;),CdBr,

2.42%; N, 5.65%; Cd, 22.66%. Found: C, 4.82%; H,
2.42%; N, 5.71%; Cd, 22.65%.

(CH;ND,;),CdBr, was prepared from the above
sample by threefold crystallization in heavy water.
Since the compounds were highly hygroscopic, the
purified crystals were handled in a dry bag and dried
under vacuum at room temperature for 24 h and then
at 60 °C for 24 h before the measurements.

Results and Discussion

DTA curves were recorded for (CH;NH;),CdBr, in
the temperature range 80—-505 K. On heating the
sample, two endothermic anomalies, one large and the
other very small, were found at 482 and 178 K, respec-
tively; the sample melted at 493 K. Rao et al. have
used DSC and reported phase transitions at 167 and
400 K, and melting at 452 K [11]. These disagree-
ments may be due to differences in the sample manip-
ulation. In order to clarify this, we carried out DTA for
three different samples, prepared by the same method,
that is, mixing CH;NH;Br and CdBr, -4 H,0, both
dissolved in water, but recrystallized from three differ-
ent solvents, namely, water, ca. 1 mol dm ™2 hydro-
bromic acid, and methanol. These samples are named
I, II, and III, in the same order. All samples were
identified by X-ray diffraction and elementary analy-
sis, which gave the same results within experimental
errors. DTA of these samples yielded the same phase
transition temperature (7;,) at 482 K and the melting
temperature (7;,) at 493 K. They showed, however,
additional small anomalies at 167 K in sample I, at
416 K in II, and at 221 and 409 K in III. These
results suggest that these additional anomalies are not
intrinsic but probably due to impurities such as
(CH;NH,)CdBr;, (CH;NH,),CdBrg, and etc. This
presumption is supported by the 'H NMR experi-
ments, which gave the same results for the three sam-
ples and no evidence for phase transitions except that
at 482 K. Here, we designate the two solid phases
existing above and below 482 K as high- and room-
temperature phases (abbreviated to HTP and RTP),
respectively. A quite analogous thermal behavior has
been observed in (CH;NH;),ZnCl, [1], exhibiting a
phase transition at 477 K and the melting at 552 K.

The entropy changes 4S,, (482K) and 4S; (493 K)
determined by DSC were 20 and 34 JK ™! mol !, re-
spectively. These values are almost the same as the
corresponding entropy changes, 4S,, (20J K~ mol~*,
477 K) and 4S; (36 JK ™' mol ™!, 552 K), determined
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for (CH;NH;),ZnCl, [1]. Since the present complex
and the tetrachlorozincate(Il) are isomorphous at
room temperture [7—9], one can expect similar ionic
motions in the HTP of (CH;NH,;),CdBr, and
(CH;NH,),ZnCl,, where cationic self-diffusion and
overall reorientation take place quite frequently [1].

The temperature variation of M, is shown in Fig-
ure 1. An M, of 8.3 G? observed at 112 K indicates
that the CH; and NH3 groups in a cation reorient by
120° about its C—N bond axis (abbreviated C; re-
orientation) more frequently than 10° Hz [14-16].
With increasing temperature, M, decreased gradually
and reached 4.5G? at 473 K. At T, of 482K, M,
decreased suddenly to 0.5 G This small M, implies
the onset of overall reorientation of the cation in the
HTP [3, 17].

The temperature dependences of 'H T, for
(CH;3NH,;),CdBr, and (CH;3;ND;),CdBr, in the range
90-300 K are shown in Figure 2. The protonated and
deuterated salts yielded a T; minimum of 22 and
39 ms, respectively, both at ca. 106 K. These T; min-
ima can be attributed to the C; reorientation of the
cations by referring to the foregoing results of M,.
These minimum values are, however, about twice as
large as the calculated or observed ones of 9—10 and
14-15 ms of the same motion of the CH;NH ' and
CH;NDj cations, respectively, in crystals [4, 16, 18,
19]. This implies that there exist two kinds of cations
in the crystal, in agreement with the crystal structure
of the RTP [7], each T, minimum observed being
attributable to one of these cations. The activation
energies evaluated from the gradient of the log T; vs.
T~! curve on the high temperature side of the mini-
mum are (9.6 + 0.3) and (8.9 + 0.6) kJ mol~* for the
cationic Cj; reorientations in (CH;NH;),CdBr, and
(CH;ND;),CdBr,, respectively.

10
> 4
o L LIPS . . Tir A
(\j i LX) e 00 ... l:
SN 5 - ®oe® 1_|
- . -
I L l l o]
100 300 T/K 500

Fig. 1. The temperature dependence of the 'H NMR second
moment (M,) observed for (CH;NH;),CdBr,. The phase
transition temperature (7;, ) determined by DTA is indicated
by an arrow.
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Fig. 2. The temperature dependence of the 'H spin-lattice
relaxation time (7;) below room temperature observed
in (CH;NH,),CdBr, at 20 (e) and 32 MHz (o) and
(CH,;ND,),CdBr, at 20 MHz (a).

'H T, at 8.5, 20, and 32 MHz and 'H T;* at 32 MHz
observed for (CH;NH,),CdBr, are shown in Fig-
ure 3. T; showed a frequency dependence above 350
and a broad maximum around 400 K. The frequency
dependent T; above 350 K is probably due to the
onset of a new cationic motion in accordance with the
M, decrease observed in the same temperature range.
A precession about the C—N bond is a possible

[1] H. Ishida, T. Iwachido, N. Hayama, R. Ikeda, M. Tera-
shima, and D. Nakamura, Z. Naturforsch. 44a, 741
(1989).

[2] H. Ishida, K. Takagi, T. Iwachido, M. Terashima, D.
Nakamura, and R. Ikeda, Z. Naturforsch., in press.

[3] H. Ishida, R. Ikeda, and D. Nakamura, J. Chem. Soc.
Faraday Trans. 2, 81, 963 (1985).

[4] H.Ishida, R. Ikeda, and D. Nakamura, Bull. Chem. Soc.
Japan 59, 915 (1986).

[5] H.Ishida, R. Ikeda, and D. Nakamura, Bull. Chem. Soc.
Japan 60, 467 (1987), and references therein.

[6] M. Tansho, D. Nakamura, and R. Ikeda, Z. Natur-
forsch. 44a, 738 (1989).

[7] D. Altermatt, H. Arend, A. Niggli, and W. Petter, Mat.
Res. Bull. 14, 1391 (1979).

[8] B. Morosin and K. Emerson, Acta Cryst. B 32, 294
(1976).

[9] J. M. Peérez-Mato, J. L. Manes, J. Fernandez, J. Zaniga,
M. J. Tello, C. Socias, and M. A. Arriandiaga, phys. stat.
sol. (a) 68, 29 (1981).

H. Ishida et al. - Isotropically Reorienting Cations in (CH;NH;),CdBr,

500 400 T/K 300

T T v T

T‘tl' oo © C‘O.:"V“.: ce
IOZJTn; . d—:1

:‘ ® J=
w [ ] 8
ST~ =

L 1 ">
& &
1 —0.1

o ]

(Y S N NN, [N TR ST S T S W T—

2 kK/T 3

Fig. 3. The temperature dependence of 'H T, observed in
SCH3NH3)2CdBr4 at 8.5 (v), 20 (e), and 32 MHz (o) and
H T;* at 32 MHz (o).

motional mode for this new motion. On further heat-
ing, T; decreased suddenly and T>* increased from ca.
30 to 140 ps at T;, of 482 K. In the HTP T, was fre-
quency dependent, and T,* and 7, observed at
32 MHz increased with temperature, whereas T, at
8.5 MHz was almost temperature independent. These
relaxation data cannot be assigned to only a single
relaxation mechanism, but the cationic overall re-
orientation seems to contribute mainly to these relax-
ation processes.
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