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The crystal structure of the room temperature phase (RTP) of the title compound was determined 
at 297 K (monoclinic, space group C2/c, a = 1384.2(2), b = 1377.8(3), c = 755.5(2) pm, ß = 
121.58(1)°). A complicated disorder was found for the cation. A phase transition from the low-
temperature phase (LTP) to the RTP was found at (224 ± 1 ) K (Tc). The 'H NMR spectra showed 
a sharp motional narrowing at ca. T = T C , indicating the occurrence of a reorientational motion of 
the cation in the RTP in accord with the disorder. It was found that another reorientational motion 
is excited in the LTP. Four 81 Br NQR lines (132.71, 115.38, 61.54 and 59.31 MHz at 77 K) and 
two Sb NQR lines (53.78 and 33.76 MHz at 77 K) were found in the LTP, while a single 81 Br NQR 
line was observed at T > 276 K (ca. 121.80 MHz at 300 K). Crystal dynamics are discussed on the 
basis of the temperature dependence of the NQR, *H NMR line width, and 'H NMR T j . 
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Introduction 

It is well known that antimony(III) halides tend 
to form 1:1 or 1:2 complexes with aromatic amine 
halides as well as aliphatic ones. However, the physi-
cal properties of the complexes with aromatic amines 
have been studied only little compared to those with 
aliphatic ones. In this circumstances, the structure 
changes in (C5H5NH)SbX4 (X = CI and Br, abbre-
viated as PyHSbX4) have been investigated in detail 
[1 - 3]. In these crystals infinite chains formed by the 
SbX4~ anions are packed so as to make a rigid tunnel-
like structure wherein the planar cations are stacked 
[4, 5]. The phase transitions of these compounds have 
been correlated to the reorientations of the cations, 
and the pyridine N-H X hydrogen bonds are known 
to play an important role in the mechanism of the 
phase transitions [3]. 

It is interesting to replace the C5H5NH+ by 4-NH2-
C5H4NH+ because the size of the latter is consid-
erably larger than that of the former and moreover 
the amino NH2 group, as well as the pyridine N-H 
group of the 4-aminopyridinium ion, can contribute 
to the formation of hydrogen bonds. In the present 
work we investigated the structure, phase transition 
and crystal dynamics of 4-aminopyridinium tetrabro-
moantimonate(III) (abbreviated as 4-NH2PyHSbBr4) 
by means of X-ray diffraction, Br and Sb NQR, ther-
mal analysis, and 'H NMR. 

Experimental 

Crystals of 4-NH2PyHSbBr4 were obtained from 
a concentrated hydrobromic acid solution containing 
stoichiometric amounts of Sb203 and 4-NH2C5H4-
NHBr. The latter was obtained by adding hydro-
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Table 1. Experimental conditions for the crystal struc-
ture determination and crystallographic data of 4-
NH2PyHSbBr4. 

Formula C,H7Br4N2Sb 
Formula weight 536.49 
Crystal habit Needle (pale yellow) 
Size/(mm)3 0.04x0.07x0.20 
Temperature/K 297 
Absorption coeff. 1) 1526.2 
Diffractometer Rigaku AFC5R 
Wavelength/pm 71.07 (MoKQ) 
Monochromator Graphite (002) 
Scan ojHQ 

(sin(?/A)max/pm-1 0.006496 
Reflections measured 1533 
Symmetry independent 1475 N X 
Considered, F ( ) > 3CT(F0) 603 S 

\ 

Number of free parameters 37 
F(000) 968.00 
R ( F ) 0.056 
R w ( F ) 0.043 
Lattice constants a/pm 1384.2(2) 

6/pm 1377.8(3) 
c/pm 755.5(2) 
ß / ° 121.58(1) 

^uce.lX,0~6/(Pm)3 1227.4(5) 
Space groupJ C2 h

6 - C2/c 
Formula units/Unit cell (Z ) 
Pcak/Mg"1"3 2.903 

a Point positions: x, y, 2; —x, y, I 
\ + x, \ + y, 2; i - x, ± + y, ± 
\-y,\+z. 

5 — 2; —x, — y, — 2; x, —y, ~ + z\ 
y, - 2 ; 5 + x , — 2; ~ — x. 

Table 2. K1Br and Sb NQR frequencies (i/;/MHz) of 4-
NH2PyHSbBr4. 

Nucleous Line number at 77 K at 150 K Line number at 300 K 

'Br 

Sb 

t/2(x lBr) 
i/3(81Br) 
^4(8 1Br) 
«/,(Sb) 
"2(Sb) 

132.71 
115.38 
61.54 
59.31 
53.78 
33.76 

132.03 
114.95 
61.32 
59.19 
53.08 
33.39 

Br) 121.80 

bromic acid to an aqueous solution of 4-NH2C5H4N. 
The C, H, and N analyses were consistent with the 
chemical formula, as shown by the corresponding ra-
tios of the measured and calculated weights(%); C: 
11.11/11.19; H: 1.32/1.32; N: 5.20/5.22. 

The NQR spectra were recorded in the frequency 
range of 20 < i//MHz < 140 by the method reported 
in [6]. The temperature range for the NQR measure-
ments was 77 < 77K < 400. 

The thermal analysis was carried out by using a 
home-made DTA apparatus and a commercial DSC 
(Rigaku 8058). 
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Fig. 1. Temperature dependence of 
quencies. 

1 Br and Sb NQR fre-

The 1H NMR spectra and the nuclear spin-lattice 
relaxation time (7,) were measured with a phase co-
herent pulsed spectrometer. A 90°-f-90° pulse se-
quence and a single phase detection method in Fourier 
Transform (FT) technique were used for the measure-
ments of 7, and the NMR spectra, respectively. 

Details of the single crystal X-ray experiment and 
the crystallographic data are summarized in Table 1. 
The structure was solved by the direct method [7] and 
refined by the full matrix least squares method [8]. 
The Sb and Br atoms were refined with anisotropic 
thermal parameters. A complex disorder was found 
for the cation, and moreover the N atom of the amino 
group could not be found on the Fourier map. Because 
it was difficult to assume an appropriate disorder 
model for the cation, its C and N atoms, except for the 



169 M. Hashimoto et al. • Crystal Structure and Phase Transition of 4 -NH 2 PyHSbBr 4 

-i 1 1 r 

M\, = 2.1 kJ/mol 
from DSC 
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Fig. 2. The DTA trace of 4 - N H 2 P y H S b B r 4 . 

Table 3. Positional and thermal parameters B ^ / B ' J i p m ) 2 

in the crystal structure of 4 -NH 2 PyHSbBr 4 . Est imated stan-
dard errors in parentheses. Those for the atoms in the cation 
are tentative. The N atom of the amino group could not be 
found on the Fourier map. 

Atom xJa y/b z/c ßEQ/ßR«, X 1 0 - 4 

Sb 0.5000 0.0820(1) 0.7500 2.86(4) 
Br(l) 0.3555(1) 0.0824(1) 0.3141(2) 3.98(5) 
Br(2) 0.6286(2) 0.2085(1) 0.7265(3) 5.01(5) 
N 0.5000 0.533(3) 0.2500 16(1)* 
C(l) 0.5000 0.355(3) 0.2500 11(1)* 
C(2) 0.405(2) 0.382(1) 0.231(3) 6.3(5)* 
C(3) 0.408(2) 0.503(2) 0.232(3) 7.5(5)* 

15 

<n 
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Fig. 3. Temperature dependence of the line width of the *H 
N M R spectrum. The broken lines are guides to the eye. 

N atom of the NH2 group, were refined by the usual 
method with isotropic thermal parameters. The final 
refinement gave R = 0.056 and Rw = 0.043. 

Results 

Bromine and Antimony NQR and Thermal Analysis 

Six NQR signals were detected at 77 K (Table 2). 
Four of them (^1_4(81Br)) could be unambiguously 
assigned to81 Br by the observation of the correspond-
ing 79Br lines. The rest of them (^(Sb) and ^2(Sb)) 
should be attributed to the antimony nucleus. How-
ever, the assignment of them to the proper transitions 
has been remained unknown. The temperature depen-
dence of the 81 Br and Sb NQR frequencies is shown 
in Figure 1. Two Sb NQR lines (z^(Sb) and f2(Sb)), 
as well as two81 Br NQR lines (u3(81 Br) and u4(81 Br)) 
were found to fade out in the range ca. 180 < 77K < 
ca. 200. The rests of the81 Br NQR lines (u1 (81 Br) and 
i/2(81Br)) could be observed up to ca. 226 ±1 K. In 

4 5 
1000 / T / K" 

Fig. 4. Temperature dependence of the spin-lattice relax-
ation time (7 , ) of ' H NMR. The solid and broken curves 
are calculated by (1) and (2). 

were detected and at T > ca. 271 K a single81 Br NQR 
line (i/a(81Br)) was detected as shown in Figure 1. By 
the thermal analyses a thermal anomaly was found 
at Tc = (224±1) K, as shown on the DTA curve in 
Figure 2. An enthalpy change of ca. 2.1 kJ/mol was 
obtained from the DSC measurements. 

'H NMR Measurements 

The line width of the 'H NMR spectrum is shown in 
Fig. 3 as a function of temperature. The line width was 
found to decrease abruptly at ca. (222.3 ±0.5) K. The 
temperature is significantly lower than Tc obtained 
by the thermal analysis and the NQR measurements 
(obtained as the temperature at which (81 Br) and 
i/2(81Br) disappeared). This disagreement in the tem-

the range of ca. 226 < 77K < ca. 271, no NQR signals perature could be attributed to one or both of the fol-
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Fig. 5. The X-ray structures of the anion and cation in the crystal of 4-NH2PyHSbBr4 with numbering scheme for atoms. 

Table 4. Interatomic distances and bond angles in the struc-
ture of 4-NH2PyHSbBr4. The distances X-Y are given in 
pm and the angles X-Y-Z in degree. 

Sb-Br(l) 281.9(2) Sb-Br(l') 322.1(3) 
Sb-Br(2) 256.3(3) 
Br( l)-Sb-Br(l') 93.47(9) Br( 1)-Sb-Br(l") 86.69(9) 
Br(l)-Sb-Br(l'") 179.8(2) Br( 1)-Sb-Br(2) 90.7(1) 
Br(l)-Sb-Br(2') 89.2(1) Br(l')-Sb-Br(l") 90.7(1) 
Br( l')-Sb-Br(2) 175.46(9) Br(l")-Sb-Br(2) 87.66(8) 
Br(2)-Sb-Br(2') 94.3(2) Sb( 1 )-Br( 1 )-Sb( 1') 93.31(9) 

Br(l'): x, —y, \ + z;Br(l"): 1 - x , - y , 1 -z: Br(i'"), Br(2'): 1 - x , 

lowing two possibilities; (1) the line width decreases 
to the minimum value before the temperature reaches 
Tc on heating, (2) a super heating occurs. Figure 4 
shows the temperature dependence of the spin-lattice 
relaxation time (7^) of 'H NMR. 

The Crystal Structure of the Room Temperature Phase 

Figure 5 shows a chain of the anion and an ap-
proximate structure of the cation without the NH2 

group. The crystal structure viewed along the c axis is 
shown in Figure 6. The fractional atomic coordinates 
for the atoms are listed in Table 3, although those for 
the atoms in the cation are tentative. Table 4 contains 
bond lengths and bond angles for the anion. 

Discussion 

In RTP of 4-NH2PyHSbBr4 distorted SbBr6 oc-
tahedra share their two edges to result in an infi-
nite chain structure (Figure 5). Bridging and terminal 
bromine atoms are labelled as Br(l) and Br(2), respec-
tively. The bond lengths and bond angles obtained for 
the present anion are almost identical to those re-
ported for (C5H5NH)SbBr4 [5], As can be seen in 
Fig. 6, the infinite chains are packed parallel to the 
crystallographic c axis to form a tunnel-like structure 
and the 4-NH2PyH cations are stacked therein. Thus 
the crystal structure of the present complex is as a 
whole quite similar to those found in (C5H5NH)SbX4 

(X = CI and Br) in spite of the considerably large size 
of the 4-NH2PyH cation. Unfortunately it was diffi-
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Fig. 6. The crystal structure of 4-NH2PyHSbBr4 viewed along the crystallographic c axis. 

cult to determine the precise structure of the cation 
owing to the disorder, and the tentative assignment 
for N and C(l) given in Fig. 5 could be inverted. 

In the temperature dependence of the 'HNMR line 
width (Fig. 3), the reduction from 13 to 2.5 Oe for 
T>TC clearly reveals the occurrence of a certain ther-
mal motion of the NH2PyH cations. The finite value 
of the line width above Tc and up at least to 300 K 
indicates that the motion is not isotropic in this tem-
perature range. The predominant mechanism for Tx of 
' H N M R is expected to originate from the fluctuating 
magnetic field caused by the magnetic dipole-dipole 
interaction between protons due to thermal motions. 
Therefore, the thermal motions are responsible for the 
temperature change of Tx. The observed Tx curves in 
Fig. 4 are analyzed by the equations [9] 

r = TQ exp(£'a/ RT), (2) 

4 r 
1 +UJ2T2 1+4CO2T2 (1) 

where C, us, r , Ea represent the motional constant, 
the angular Larmor frequency of the proton, the cor-
relation time, and activation energy, respectively. It 
is assumed that r obeys the Arrhenius relation (2). 
The solid and broken line in the LTP are obtained 
for the condition of lot 1. The temperature de-
pendence of Tx in the LTP indicates the excitation of 
another reorientation with an activation energy of ca. 
12.2 kJ/mol. The reorientation in the LTP seems to 
be rapidly switched into the reorientation in the RTP 
in the vicinity of Tc. The solid and broken curves 
in the RTP are calculated by (1) and (2) with Ea = 
25.9 kJ/mol, r 0 = 5 . 8 8 x l 0 - 1 5 s, C = 1.92xl09 s~2. 
The solid curve is in good agreement with the ex-
perimental results. The broken curve deviates from 
the experimental results by the influence of the phase 
transition. Tx reaches the minimum at 236.3 K when 
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iUT is equal to 0.6158. As a mode of motion one may 
assume reorientation of the NH2PyH group around its 
pseudo 6-fold axis similar to that of PyH found for 
(C5H5NH)SbX4 (X = CI and Br), although the size of 
the former cation is considerably larger than that of 
the latter. 

Two groups of the 81Br NQR lines (z/,(81Br) and 
^2(81Br)) and 0 3 ( 8 1Br) and z/4(81Br)) observed for 
the LTP are assigned to the terminal and bridging 
Br atoms, respectively. As usual, the mean value 
of i^(81Br) and z/2(81Br) is approximately equal 
to zAj(81Br). The separation of the two 8 'NQR lines of 
terminal Br atoms of 4-NH2PyHSbBr4 (ca. 17 MHz) 
is almost identical to that of PyHSbBr4 (ca. 13 MHz). 
On the other hand, the separation of the two 8 'Br 
NQR lines of the bridging Br atoms of PyHSbBr4 is 
very large (ca. 50 MHz), and the corresponding value 
observed for 4-NH2PyHSbBr4 is merely ca. 2 MHz. 
These findings indicate that the nature of the bond 
between the Sb and the bridging Br in the LTP of 
4-NH9PyHSbBr4 differs considerably from that in 
PyHSbBr4. 

Crystal Structure and Phase Transition of 4 - N H 2 P y H S b B r 4 

The temperature dependence of the 81 Br and Sb 
NQR frequencies reveals considerably complicated 
crystal dynamics of 4-NH2PyHSbBr4. Namely, in the 
LTP, two 81 Br NQR lines (^3(81Br) and z/4(81Br)) 
and the Sb NQR lines faded-out at temperatures 
lower than Tc by ca. 20 K. Above Tc, no NQR sig-
nals could be detected in the temperature range of 
Tc < 77K < ca. 271. Furthermore, the 81Br NQR 
of the bridging Br and the Sb NQR line could not 
be detected at room temperature in spite of the fact 
that the 81 Br NQR corresponding to the terminal 
Br could be observed. In addition, the temperature 
dependence of z/a(81Br) exhibits a subtle anomaly 
at ca. 290 K, suggesting the possibility of another 
phase transition. To clarify these peculiar crystal 
dynamics, further investigations including the crys-
tal structure analyses at various temperatures are in 
progress. 

The authors are grateful to Messrs. M. Sato, N. Te-
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