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Nuclear Quadrupole Resonance of Tellurium Tetraiodide
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The nuclear quadrupole resonance (NQ R) of 1?71 in tellurium tetraiodide was observed, and the Zeeman
effect on a single crystal was examined. Tellurium tetraiodide shows ten resonance lines in the frequency range

from 195 to 260 MHz.

From the analysis of the zero-splitting patterns, it has become apparent that tellurium

tetraiodide crystals contain eight nonequivalent iodine atoms, two of which yield large asymmetry parameters
(94.9% and 73.89%) and small quadrupole coupling constants (775.07 MHz and 929.55 MHz) at room temperature.
These two may be assigned to the bridging iodine atoms, but they differ markedly from each other in the tem-
perature dependences of ¢2Q g/h and 3. The other six iodine atoms have small 7 values and coupling constants
of about 1600 MHz; they are assigned to the terminal atoms. From these results, it may be concluded that each
tellurium atom has three terminal and two bridging iodine atoms.

The crystal structures of tellurium tetrachloride
(TeCly)V and tellurium tetrabromide (TeBr,)? are
ionic and consist of tetramers (TeXy*X~), which have
approximately the T, symmetry. On the other
hand, in the solid tellurium tetrafluoride (TeF,)®
each tellurium atom is surrounded by three terminal
and two bridging atoms at the corners of a distorted
square pyramid. These square pyramid units are
linked by cis bridging into an endless chain. From
the far-infrared spectrum of Tel,,% it was concluded
that Tel, has an ionic structure such as Tel,*I-,
because the spectrum is similar to those of SbI,. Ac-
cording to the X-ray diffraction studies,” the crystal
structure of Tel, belongs to an orthorhombic system
with a space group P,., or Pn2;a, but its detailed
structure has not been reported so far. In the NQ R
studies of TeCl, and TeBr,,* six resonance lines were
observed for both compounds; these lines were as-
signed to two species of TeX,* (X=Cl, Br) ions. In
this connection, we observed the 127I NQ R of Tel,
and examined the Zeeman effect on a single crystal
in order to determine the ¢ Q g/k and 7 for each reso-
nance line.

Experimental

The NQR spectrometer used in this experiment was a
super-regenerative oscillator with frequency modulation,
while the resonance frequencies were determined with a
VHF signal generator and a frequency counter, TR-5578,
from the Takeda Riken Co., Ltd. The Zeeman effect was
examined by means of the zero-splitting cone method?
on an oscilloscope at room temperature. The magnetic
field of about 250 G was applied by means of a Helmholtz
coil. The orientation of the magnetic field for the zero-
splitting was determined by polar coordinates (@, @), where
® and O are the azimuthal and polar angles respectively,
in the coordinate system fixed to the sample. The single
crystal of Tel, was grown by the Bridgman-Stockbarger
method.

Results and Discussion

Zeeman Effect. As is shown in Table 1, ten
resonance lines were observed in the frequency range
from 195 to 260 MHz. As the nuclear spin of 1271
is equal to 5/2, a pair of NQR lines, »; and »,, cor-
responding to the %£1/2-#3/2 and £3/26£5/2

transitions, are to be found for each kind of iodine
atoms.” Therefore, the asymmetry parameter (7)
and the quadrupole coupling constant (¢2Qgq/h) can
be derived from the frequency ratio, »/v,. In the
present compound, however, it is necessary to observe
the Zeeman effect on each line in order to determine
whether it is »; or »,, and which ones form a pair,
because the resonance lines distributed very widely.
In general, the zero-splitting cone can be expressed
in the principal axis system of the efg tensor as fol-
lows:?)
s ap 4
S0 = oo, 6 M
where 0 and ¢ are, respectively the polar and azimuthal
angles of the magnetic field which shows zero-splitting.
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Fig. 1. Calculated maximum and minimum zero-

splitting angles as a function of 3 for »; and »,.
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Fig. 2. Zeeman zero-splitting patterns of I’(1) and I(2)
lines in the efg principal axis system,
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TasLe 1. NQR paraMETERS OF Tel, (296 K anp 77 K)
»n (MHz) v, (MHz) 7 (%)* 7 (%)  ¢*Qq/h (MHz)
1(1) 198.27 r () 206.72 94.0+2.0 94.91 775.07
(198.67) (212.78) = (91.70) (793.66)
12 205.23 I (2 256.79 73.5+1.5 73.75 929.55
(209.85) (259.15) - (75.23) (940.44)
228.52 3.2+0.5 1522.5
13 (232.65) - = =
I(4) 234.82 . 5.640.5 1560.1
(236.72) - —
I(5) 242.75 _ 5.6+0.5 1612.8
(245.45) - —
243.27 1.2+0.5 1621.8
I(6) (246.55) - = =
1(7) 250.86 _ 1.44-0.5 1622.0
(254.55) — —
I8 252.35 _ 2.9+4+0.5 1680.9
(256.01) B -

a) Obtained from the Zeeman effects. b) Obtained from the frequency ratio (r,/v,) using tabulated values of

spin 5/2.

For the case of the 5/2 spin, 4, B, and C can not be
expressed in simple formulas when 7 is large. Hence,
the maximum and minimum values of § were calculated
as a function of 7 for »; and »,, as is shown in Fig. 1,
according to the literature.”®) The zero-splitting pat-
terns of I'(1) and I(2) lines are shown in Fig. 2 in thc
principal-axes system. The maximum and minimum
values of 0 for the zero-splitting patterns were obtained
by the use of the least-squares method. These values
were 66.1° and 61.3° for the I(2) pattern and 64.7°
and 63.9° for that of I’(1). On the basis of these values,
the I(2) line was assigned to »,, with »=73.5+1.59,,
and the corresponding », was observed at 256.79 MHz.
On the other hand, the I'(l) pattern was assigned to
v, with 7=94.0+2.0%, The corresponding », was
observed at 198.27 MHz, although this line was broad
and weak compared with the others. The quadrupole
coupling constants for these lines were calculated by
the use of the tabulated eigenvalues of spin 5/2.
The I(3)~I1(8) lines have approximately the same
intensity for the powder sample, and from the zero-
splitting patterns for the single crystal it becomes
apparent that all these lines are »; with small » values.
For example, the zero-splitting patterns of the I(6)
and I(7) lines are shown in Fig. 3. Therefore, 7

D, degree

Fig. 3. Zero-splitting patterns of I(6) and I(7) lines
in the coordinates fixed to the sample. Crystal axes
of orthorhombic system are indicated by ®,

c) The values in parentheses correspond to 77 K.

and ¢2Q ¢g/h can be calculated by means of the following
equations:?-9
7 = 17(sin? gy —Sin? O10)/24 (Sn? Ongx + 802 1)
Qq/h = 20v,/3(1+1.092672 —0.64307")

where 6,,, and 0,

2
®
are the maximum and minimum
zero-splitting angles. Table 1 shows the NQR param-
eters thus obtained. From these results it may be
concluded that this crystal contains two nonequivalent
Tel, molecules and that each tellurium atom is bonded
to three terminal and two bridging iodine atoms.
This configuration around the tellurium atom has a
stronger resemblance to that of TeF, than to those
of TeCl, and TeBr,.

1(3) and I(6) yield two patterns of zero-splitting
loci. On the other hand, for the I'(1), I(2), I(4),
1(5), I(7), and I(8) lines only three patterns out of
four were observed because one of the z-axis in each
line was nearly parallel to the rf coil. From the sym-
metry of the observed patterns, three mutually per-
pendicular twofold axes were found within the limits
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Fig. 4. Orientation of z-axes with respect to the
crystal axes which are located at (0°, 0°), (90°, 0°),
and (0°, 90°). In the case of I(2), y-axes are shown,
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Fig. 5. Temperature dependence of quadrupole cou-
pling constants for I(1) and I(2).

of experimental error. This finding suggests that
the crystal is orthorhombic and that these three twofold
axes correspond to the crystal axes.!® Figure 4 shows
the orientations of all the z-axes with respect to the
crystal axes. In this figure, the three crystal axes
are located at (0°, 0°), (90°, 0°), and (0°, 90°).
Temperature  Dependences of the Quadrupole Coupling
Constant  for Bridging Iodines. Figure 5 shows
the temperature dependences of |e2Q q,,/kl, |2Q g, /Rl
and [e2Qgq../k| for I(1) and I(2). The principal
values of the efg tensor can be expressed by:
Vi = g
Vyy = —(1+7)eg/2 *
Ve = — (1 —7)eq/2
If the amplitudes of torsional oscillation about the
X, v, and z axes are denoted by 6., 6;, and 6, re-
spectively, the averaged principal values of the efg
tensor can be expressed by the following equations:!1)
Vs = ego{1—<05%) (3—0)/2—0x*> (3+70)/2}
Vyy = eqo{ — (1+70)/2+ <0770+ 0<*> (3+10) 2} ®)
Vex = ego{ — (1—=7)/2—<6,*)70+<05*>(3—10)/2}
where ¢, and 7, are the values in the static lattice
and where <0,2) (i=x, y, and z) indicates the mean
square amplitude of the oscillation about the i-axis.
In the symmetrical bridging iodine, the principal
axes of the efg tensor depend upon the bridging angle,
as is shown in Fig. 6. It may be considered that
the bridging iodine is more mobile in the direction
perpendicular to the bridging plane than in that
parallel to it. Therefore, we may assume that, in
Model (a), the torsional oscillation about the y-axis
contributes predominantly to the temperature de-
pendence of the quadrupole coupling constant and
the asymmetry parameter, whereas, in Model (b),
the torsional oscillation about the z-axis contributes
predominantly to the parameters. The temperature
dependence of the I(l1) atom can be interpreted
satisfactorily by assuming <6,%)=<0,2><{0,% in Eq
(5): this situation corresponds to Model (a). The
positive temperature coefficient of 7 was also found
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(a) 90° <x<109.5°

(b) 109.5° <o <180°

Fig. 6. Orientation of efg principal axis at a bridging
iodine atom.

for the bridging iodine in ALI; and Ga,lg!2 These
bridging iodine atoms have been supposed to have
the principal axes of Model (a) by analogy with
AlBrg.13 Therefore, the temperature dependence of
the I(1) atom is mainly due to the characteristic tor-
sional oscillation of the bridging iodine atom, as in
those of ALI, and Ga,l,. Furthermore, the I(1)
atom is supposed to have bonds such as those in Model
(a). :

On the other hand, the tendency of the I(2) atom
can be roughly interpreted on the basis of Model (b)
by assuming <0,2)=<0,2)<<0,%. However, as the
quadrupole coupling constant of I(2) is fairly larger
than that of I(l), it may be considered that I(2) is
not so symmetrical in its bridging as I(1). Therefore,
the variation in the electronic structure of the bridg-
ing iodine atom may also contribute to the tem-
perature dependence of the quadrupole coupling con-
stant.
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