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Three **Cl NQR frequencies were observed for (Me,NH,),ZnCl, at room temperature, indicat-
ing the existence of three crystallographically nonequivalent chlorines in the crystal. With decreasing
temperature, the frequency of the lines increased almost linearly and disappeared below ca. 220 K
near the reported phase transition temperature (ca. 215 K) detected on cooling. The three NQR lines
faded out above room temperature because of the occurrence of rapid anionic reorientational
motions disclosed from measurements of the 3*Cl NQR spin-lattice relaxation time.

Introduction

Recently, a group of crystals expressed by R,MX,
where R, M, and X denote a monovalent cation, a
divalent metal atom, and a halogen, respectively, have
attracted much attention because of their interesting
solid state properties including phase transitions [1].
Among those, some complexes having (Me,NH,)*
cations are known to undergo phase transitions
closely related to N—H --- X type H-bonding, and
also to exhibit ferroelectricity [2, 3]. The crystal of
(Me,NH,),ZnCl, is known to undergo a phase tran-
sition at ca. 215 K when the temperature decreased
[2]. To obtain information about the ionic dynamics
and solid state properties in the high and low temper-
ature phases, the present investigation of the tempera-
ture dependences of 33Cl NQR frequencies and of the
33Cl NQR spin-lattice relaxation time T, has been
undertaken.

Experimental

35CI NQR signals were searched by use of a super-
regenerative spectrometer [4] over a frequency range
8.2-10.5 MHz. For the determination of resonance
frequencies and T, a homemade pulsed NQR spec-
trometer [5, 6] was employed. T), was determined
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using a 180°—-7-90°—7,—-180° pulse sequence where
the spacing time t was varied and 7, was fixed at ca.
100 us throughout the measurements. The sample
temperature was controlled by means of a tempera-
ture controller [5] and measured by using a copper vs.
constantan thermocouple within an estimated accu-
racy of +0.5 K. The experiments of DTA were carried
out with a homemade apparatus already described [7].

(Me,NH,),ZnCl, crystals were prepared according
to the method reported in [1]. Identification of the
sample was performed by usual elementary analysis.
Anal. Calc. for [(CH;),NH,],ZnCl,: C, 16.1; H, 5.4;
N, 9.4; Cl, 47.4%. Found: C, 16.1; H, 54; N, 9.3; Cl,
47.5%.

Results and Discussion

Three 3°Cl NQR frequencies, 9.794, 9.395, and
8.318 MHz, were observed for (Me,NH,),ZnCl, at
room temperature using the superregenerative spec-
trometer. The lowest frequency (v;) line was sharp and
intense whereas the middle (v,) and especially the
highest frequency (v,) lines were weak. It should be
noted that the three lines were fairly strong when
observation was made with the pulsed NQR spec-
trometer. The weak v, line could be observed up to
347 K whereas v, and v, faded out at ca. 340 and
328 K, respectively. The assignment of the above lines
to 33Cl NQR ones was performed by observing the
37Cl NQR lines at the frequencies expected from the
isotope ratio of chlorine quadrupole moments. The
33Cl NQR frequencies observed at several tempera-
tures are listed in Table 1.
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Table 1. The **C1 NQR frequencies v,, v,, and v; (+2 kHz)
determined for (Me,NH,),ZnCl, at several temperatures.

T/K v,/MHz v,/MHz v3/MHz
220 - 9.503 8.358
240 9.906 9.473 8.349
291 9.794 9.395 8.318
311 9.749 9.363 8.306
326 9.713 9.341 8.296
337 9.685 9.319 -

347 9.659 - -

The temperature dependence of the 3*Cl NQR fre-
quencies and *°Cl T}, were determined with decreas-
ing temperature from ca. 330 K. The results are shown
in Figs. 1 and 2. The NQR signals could be observed
down to ca. 220 K with the pulsed spectrometer.

As already reported [2], this salt undergoes a phase
transition at ca. 215 K with decreasing the tempera-
ture. This agrees with the present experimental fact
that the three *°Cl NQR lines disappear around
220 K when the sample is cooled. To confirm the
phase transition temperature T, reported, DTA mea-
surements were performed in the temperature range
150-370 K. The results are shown in Figure 3. When
the temperature increased from ca. 150 K, an en-
dothermic anomaly appeared at 270 K whereas an
exothermic anomaly was detected at 215 K on the
cooling run. Measurements were made repeatedly and
almost the same results were obtained on every heat-
ing and cooling run although the T;’s observed on
these runs changed within +5 K. Accordingly, we
concluded that the phase transition at ca. 270K is a
first order one accompanied by an unusually large
hysteresis. The type of this phase transition is prob-
ably different from that of the usual incommensurate-
normal one observed for Rb,ZnCl, [8].

Recently, Vasil’ev et al. [9] have reported that the
temperature dependence curve of the heat capacity of
(Me,NH,),ZnCl, crystals yielded four anomalies at
201, 250, 272, and 310 K. In our DTA experiments,
however, no heat anomaly could be observed except
for the foregoing exo- and endothermic anomalies.
The present temperature dependence curves of **Cl
NQR frequencies recorded on the heating run were
smooth at 310 K.

If the crystal structure of the room temperature
phase of the present salt is similar to that of Cs,CdBr,
[10], the three **Cl1 NQR frequencies observed can be
assigned to the three crystallographically nonequiva-
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Fig. 1. Temperature dependences of **Cl NQR frequencies
observed for (Me,NH,),ZnCl,. The three NQR lines are
denoted as v,, v,, and v, in the order of decreasing fre-
quency. Below room temperature, observation was made
only with decreasing temperature. The arrows without and
with T, indicate the DTA phase transformation temperatures
observed with decreasing and increasing temperature, re-
spectively.
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Fig. 2. Temperature dependences of the NQR spin-lattice
relaxation time T;, observed for v,, v,, and v; of
(Me,NH,),ZnCl,. The same symbols as those of Fig. 1 are
used to discriminate T, data of the three NQR lines.
Arrows have the same meaning as in Figure 1.
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Fig. 3. DTA curves recorded for (Me,NH,),ZnCl,.

lent chlorines in [ZnCl,])?>". In the Cs,CdBr, crystal,
one set of Br—Cd—Br atoms is located on a mirror
plane and two bromines of the other set in each anion
becomes crystallographically equivalent by the plane.
Accordingly, there exist in the anion three crystallo-
graphically nonequivalent bromines with the ratio of
1:1:2. For the present complex, the lowest frequency
line is considered as arising from the two crystallo-
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graphically equivalent chlorines from its stronger in-
tensity compared to the others. This assignment is the
same as that made for the bromine NQR lines of
Cs,CdBr, [10].
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