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The reorientation of the tetrahedral complex anion ZnCl 4
2 - and the self-diffusion of the cation 

in (CH3NH3)2ZnCl4 were studied by 'H NMR spin-lattice relaxation time ( 'H TX) experiments. In 
the second highest-temperature phase, the temperature dependence of *H TX observed at 8.5 MHz 
could be explained by a magnetic dipolar-electric quadrupolar cross relaxation between 'H and 
chlorine nuclei, and the activation energy of the anion motion was determined to be 105 kJ m o l - 1 . 
In the highest-temperature phase, the activation energy of the self-diffusion of the cation was 
determined to be 58 kJ m o l - 1 from the temperature and frequency dependence of 'H TX. 
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Bis(methylammonium) tetrachlorozincate(II), 
(CH3NH3)2ZnCl4, forms at room temperature mono-
clinic crystals (P2,/a), containing discernible tetrahe-
dral ZnCl4

2~ ions [1]. Perez-Mato et al. reported the 
existence of two solid-solid phase transitions at 426 
and 483 K from calorimetric, dielectric, thermal ex-
pansion, and optical measurements [2], The transition 
at 426 K was also reported from Raman [3] and IR [4] 
spectra, but not found by DSC [5, 6], DTA, and 
NMR [5] measurements. The transition at 483 K is 
accompanied by large enthalpy and entropy changes 
[1, 5, 6]. Previous 'H NMR studies revealed that the 
cation in the highest-temperature phase (Phase I) per-
forms isotropic rotation and self-diffusion. The cation 
in the low temperature phases (Phase II and III) under-
goes reorientation about its C-N bond axis [5]. How-
ever, the reorientational motion of the anion has not 
been clarified. In the present study, we measured the 
1H 7, at 8.5 MHz, which is approximately equal to an 
average value of 35C1 NQR resonance frequencies ob-
served for eight salts containing tetrahedral ZnCl4

2 -

ions [7], and showed that the motion of anions could 
be detected from the 1H Tx through a cross relaxation 
mechanism between magnetic dipole ('H) and elec-
tric quadrupole (35C1) energy levels. In addition, we 
measured 'H Tl at two different resonance frequen-
cies in Phase I to obtain more detailed information on 
the cationic dynamics. 
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Fig. 1. Temperature dependence of *H TX observed for 
(CH3NH3)2ZnCl4 at 8.5 (V), 18 (A), 20 ( • ) , and 32 
(0) MHz. Solid lines are best-fitted values calculated by 
(1) and (2). Dotted and dashed lines are calculated r 1 D D 
and r1 S R values, respectively. 

(CH3NH3)2ZnCl4 was prepared and purified by the 
method reported in [5]. 'H NMR spin-lattice relax-
ation times were measured at 18 and 8.5 MHz using 
the pulse spectrometer reported in [5]. 

The temperature dependence of Tl is shown in 
Fig. 1 together with the 7, data previously observed 
at 32 and 20 MHz [5]. Above 380 K in Phase II, 
T{ observed at 8.5 MHz decreased with increasing 

0932-0784 / 2000 / 0100-426 $ 06.00 © Verlag der Zeitschrift für Naturforschung, Tübingen • www.znaturforsch.com 

This work has been digitalized and published in 2013 by Verlag Zeitschrift 
für Naturforschung in cooperation with the Max Planck Society for the 
Advancement of Science under a Creative Commons Attribution-NoDerivs 
3.0 Germany License.

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.

Dieses Werk wurde im Jahr 2013 vom Verlag Zeitschrift für Naturforschung
in Zusammenarbeit mit der Max-Planck-Gesellschaft zur Förderung der
Wissenschaften e.V. digitalisiert und unter folgender Lizenz veröffentlicht:
Creative Commons Namensnennung-Keine Bearbeitung 3.0 Deutschland
Lizenz.

Zum 01.01.2015 ist eine Anpassung der Lizenzbedingungen (Entfall der 
Creative Commons Lizenzbedingung „Keine Bearbeitung“) beabsichtigt, 
um eine Nachnutzung auch im Rahmen zukünftiger wissenschaftlicher 
Nutzungsformen zu ermöglichen.



H. Ishida • NMR Study of Ionic Motions in Solid Phases of (CH3NH3)2ZnCl4 413 

temperature and yielded a minimum of 0.31 s at ca. 
450 K. This behavior is unexplainable by the mag-
netic dipole-dipole interactions between protons be-
cause the usual BPP theory using T, data at 20 and 
32 MHz predicts that the onset of decrease in Tx at 
8.5 MHz is above 420 K, which is much higher than 
380 K. Moreover, 8.5 MHz is approximately equal 
to an average value o f 3 5 CI NQR resonance frequen-
cies in tetrahedral ZnCl 4

2 - ions, resulting in a strong 
cross relaxation between proton and chlorine nuclei. 
Therefore we believe that the relaxation mechanism 
at 8.5 MHz is mainly a modulation of 'H...35C1 mag-
netic dipolar interactions due to anionic reorienta-
tions. In fact, Yamamoto et al. studied anionic mo-
tions in [(CH3)2NH2]2ZnCl4 by means of 35C1 NQR 
and found that above room temperature the35CI NQR 
spin-lattice relaxation time (T1Q) decreases rapidly 
with increasing temperature to less than 10 ms owing 
to the reorientation of the anion about its pseudo-
C3 axis [8], Such a motion is expected to occur in 
(CH3NH3)2ZnCl4 in the temperature region in ques-
tion. When the resonance angular frequency of pro-
tons, o;H, is comparable to the quadrupole resonance 
frequency of chlorine nuclei, [ H 7\ is approximately 
given by [9] 

T f 1 =Cr/{l+(uH- ( U ; C I » 2 T 2 ) , ( 1 ) 

where r , UJQ\, and ( ) are the correlation time of an-
ionic motion, the resonance angular frequency of 
chlorine nuclei, and the powder and isotope aver-
ages, respectively. Assuming an Arrhenius relation-
ship for the activation energy Ea for the anionic mo-
tion: r = Toexp(£ a / #T) , we fitted (1) to the T, 
data, taking Ea, C, and (wh — (^ci)) ro as parame-
ters. We obtained Ea of 104 ± 3 kJ m o l - 1 , which 
is comparable to that of 140 kJ m o l - 1 obtained in 
[(CH3)2NH2]2ZnCl4 [7], 

In Phase I, Tx decreased with increasing temper-
ature. This decrease is attributable to the self-diffu-
sion of the cation from the previous NMR study [5]. 
However, the gradient of the log Tx vs. T~1 plots ob-
served became gentler with increasing the Larmor 

frequency, implying the presence of more than one 
relaxation mechanisms. A similar behavior of Tx was 
also reported for the CsCl-type ionic plastic phase of 
CH3NH3X (X = N 0 3 [10], I [11], C104 [12], Br [13]). 
According to the analysis of the T, data of these salts, 
the present Tx values could also be expressed by the 
superposition of two components, T1DD and 71SR , 

' = ^1DD + (2) 

where 

T\DD = CDD^H 2TD"1, = C S R T - 1 . (3) 

T1DD denotes the relaxation time due to the magnetic 
dipole interaction among 1H nuclei modulated by the 
cationic self-diffusion. CDD and r d are the motional 
constant and the correlation time of cationic self-dif-
fusion, respectively. T1SR originates from the spin-
rotation interaction due to the rapid uniaxial and/or 
isotropic rotation of the cation [14], CSR and r r are the 
motional constant and the correlation time of cationic 
rotation, respectively. In (2) and (3), we assume that 
r r is much shorter than r d and the conditions u;HTdgg 1 
and (jL)\\Tr\W are fulfilled. An Arrhenius-type temper-
ature dependence can be approximated for the cor-
relation time. Using (2) and (3), T1DD and T1SR was 
calculated separately, as shown in Figure 1. The ac-
tivation energy evaluated for the cation self-diffusion 
was 58 ± 5 kJ mo l - 1 , which is much larger than 
26 kJ mo l - 1 previously estimated from Tx data mea-
sured only at 32 MHz [5]. On the other hand, Ea 

derived from 71SR is 4 ± 2 kJ mo l - 1 . Thus, the spin-
rotation interaction is due to the rapid uniaxial rotation 
of the cation, because this value is comparable to £ a 

of 3.8 kJ m o l - 1 for the reorientation of CH3NH3
+ 

about the C-N axis in (CH3NH3)2ZnCl4 [5], 
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