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ABSTRACT

NQR spectra were observed f{or o-(CH,).TeX, (X=Cl, Er, I} and (OH,), Tel, at various
itemparatures The two **Br NQR lines were observed above 110 K in «-{CH,},TeBr, The
characierisiic temperature dep<ndence of the '*71 NQR lne in 2-{CH,),Tel. can be ex-
plained by the 3c—4e bond of the linear I—Te—I group The positive temperaiare depen-
dence of the lowest *27I NGR line in (CH,),Tel, 1s discusted on the basis of the electron
population czleulated from Tewnes—Daiey treatmsnt.

INTRODUCTION

The X-ray structural analysis clarified that «-(CH;),;TeX, (X=CI, I) mole-
cules in the crystal are bound to each other by weak halogen bridges to form
an nfinite chain [1, 2] The tellunum astom 15 octahedrally surrounded by
four halogen and two carbon atoms but the structures of a-{CH;); TeCl; and
a-(CH3)sTel, differ because half the chlorine atoms in the former and =211
ipdine ztoms in the laiver fonm weak intermolecular bonds. For a-({CHs): -
TeBr, the crystal structure is not yet krown.

On the other hand, (CH,).Tel. combrises a-{C'H;}.Tel, and I- molecules
{3]. The I, molecules are, on both sides, bound to (CHs;},Tel; iodine atoms
and form e linaar chain designated as an I, group. Only one io:line atom of
(CH,;),Tel, 1s bound to the I, molecules.

In ail the compounds mentoned above, the linear X—Te— X bond is con-
sidered to be formed by a 3c—4e bond {2] As the two bonds In ©ae lmear
X—Te—X bond are strongly correlated, it is of interest to examine their
bond character. In the present work, we tried to cbtain information regard-
mg the 3c—4e bond and intermolecular bond from the NQR spectra.

For &-(CH;).TeCl,, Kondo et al. [4] have aiready reporied twe **CI NQR
lines at several temperatures and assigned them to two chlerine atoms in the
moierule from the Zeeman effect stzdy.
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HAPEEMENTAL

Using the method of Vernon {5], e-{CH,),Tel, was prepared from Te and
CHsl, and a-{CH;),TeX, (X=Cl, Br) were prepared from a-{CH,;),;Tel,,
AgNG,;, and HX. (CH,).Tel. was prepared from e-(CH;),Tel, and I, by the
procedure in the literature [6] These compounds were identdfied by CHN
element:1 anaiysis as isted :: Table 1.

The JIQR spectzomeiers used were superregenerative osciliators with
irequen:y modulation or Zeeman modulation. Resonance lines were observed
on an ¢scilloscope or a recorder. The NQR frequencies were measured with a
signal generator and a frequency counter with an estimated accuracy of
+0.002 MHEz for ?°Cl and =0 02 MHz for %' Br and *?’1. The Zeeman effect on
the NQRE lines was observed using a magnetic field ¢f about 25 mT and
examired by means of the zero-splitiing cone method &t roem temperature.

RESULTS AND DISCUSSION

Table 2 shows the °°Cl and *'Br NQR frequencies at rocin temperaiure.
a-tCH;),TeCl, yielded two *°Cl NQR lines whose resonance frequencies are
ir. good agreement with those reported by Kondo et al. [4]. ¢-{CH;),TeBr,
also yielded two ®*Br NQR lines. The difference m frequency beiween two
halogen atoms is larger in the bromide than in the chloride. However, taking
1ntc account the quadrupole moment, the difference in electzic field gradient
between two halogen atoms 15 larger in the chloride than in the bromide.
This reflecis the fact that intermolecular Br- -« Te interaction is wzaker than
the Cl- - - Te mteraction.

Table 3 shows the !?’I NQR freguencies at room temperature, a-{CH;),Tel,
vielded six r;{1/2—3,;2) NQR lnes of 271, indicating the presence of six non-
equivalent iodme etoms, 1.e., three crystallographically nonequivalent
(CH;).Tel, molecules in the crysta! This is consistent with its crystal struc-
ture [2]. The Zeeman effect on th= lowest and the highest », NQR lines of
1271 were observed and their zero-sphiting paiterns are shown ie Fig. 1. The
angles between ihe crystal b axis and the principal z axes of elecizic field
gradients at the twa 10dine atoms are 142.1° and 143.6° which are in good

TABLE 1

Melurs nomnt and aazlytical data

vompound Mo (°C) Found (Calc.)

C (%%) B (%)
z-(CH,).TeCl, a2 10 7C(10 50) 26i{2862)
«-(CH, ), TeBr, 91 7 71(7 58) 1.74(1 59)
a-(CH,),Tel, 127 5 BB{5.83) 146(1 46)

(CH,)_ Tel, 8o 2 B6(3 B1) 0 9C{0.80)
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TABLE 2

NQR frequencies 1 a{CH,),TeCl, and a-(CH,}.TeBr,

Compound Nucleus Freguency T (K)
(MHz)
a-(CH, },TeCL 2:Cl1 15 309 292
T 350 17.872 292
e-(CH, ), TeB:, 15 120 0S 300
) ©: Br 124 64 300
TAELE 3
137 NQR perametess in e-(CH,).Tel, and (CH, ). Tel, at abcut 300 K
Compound Line Frequercy (MHz) n (%) e*Qq.. th
4 b {MiH=z)
e-{CH,), Tel, va 11872 229.12 303 797.25
vp 135.76 268 98 8 53 897 93
ve 143 87 285.61 10 02 261 98
vy 149.65 299.02 2 62 996 87
Le 167 504 335 06 004 1116 89
us 175.92 330.02 5 32 1167.69
(CH,),Tel, vy 112,65 207.87 28 65 703 96
oy 1431 46 255 79 2908 866 63
e 314.14 — — —
rg 325.27 - — -
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Fig 1. The zero-splitiing patierrs of the lowest ana the bighest v, NQR lires of '*"Ln
e-(CH,),Tel,
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agreement with those from the X-ray crystzl analysis [2]. The angie between
ithe Jrincipal axes was 176.4° which is comparable with 178.3° from the
X-ra'7 crystal analysis. Therefore, the lowest and the highest NQR lines are
assigited t3 two iodine atoms of a hnear I—Te—I bond. The other NQR lines
were zlso assigned to the iodine atoms from Te—I bond lengtas, intermolec-
ular I- -+ T'2 distances, bond angles and NQR parameiers. The resulis obtained
are listed n Table 3. Six NQR lmes are classified into three groups, vy, vr; vy,
Vo3 Ves Vg, and each of groups corresponding to one linezr I—Te—I1 bond.

(CH;),Tel, gave four », NQR lines of '*7I, mndicating the presence of four
noneguivelent iodine atoms in the crystal. This 1= consistent with the molec-
ular strireture of (CH;),Tel.- 1, determined by X-ray crystzl anaiysis. From
companscon of the '*7I NQR freguencies of a-(CH;).Tel, In the nresent work
and I, in the Lverature [7], the two lower v, NQR lLines are assigned to the
(CH;),Tel, mozety and the two higher lines, to the I, moiety.

Temperature dependence of NQR frequency in a-(CH),TeX, (X=CI, Br)

TEe temperature dependence of NQR frequencies m c¢-(CHj),Tell. is
shown in Fig 2. The NQR irequencies at 77 K znd 2035 K are in good agree-
ment with theose reporied by Kondo et al. [4] who observed the NQR lines
at several temperaturee Both *°Cl NQR line frequencies decreased monoto-
ncusly with Increasing semry erature although one of the two chlorine atoms
in the molecule forms zn intermolacuwlar Cl---Te bond [1]. The difference
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Fig 2 The temperature dependence of **Cl NQR hines in e-(CH,);TeCl,

Fig 3 The temperature defendence of *' Br NQR lmes in o {CH;},TeBr,.
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ir trequency between two 3°Cl MQR Lnes seems © be almost independent of
temperamare, as shown 10 Fig 2. Tmis Dindmg cannor be explained on fhe
basis of the ecrystal structure from X-ray diffraction [1]; the strucwire ieads
us e expect a temperaiure dependence as shown ior the bromide i Fig. 3.

For a-{CH;).TeBr,, no NQR tines were abserved ai 77 K. As the tempera-
ture was raised, two **Br NQR iines were detected at 110 K. The lower NQR
Ine freguenay increassd stightiy oo to about 826 X znd fhen geereased
whereas the higher NQR lme frequency decreased with increasing tempera-
ture. This feature of the temperature dependence of NQR frequencies suggests
that the crysial siructure is analogous to that of the chlonde reported by
Christofferson et al [1].

The temperature dependence of '*"I NQR frequencies in «-(CH;),Tel, 1s
showzm ‘m Fig. 4. The curees teve 2 dharsodevedic Sealooe, 12, six oorves z2rp
symmetncal with respect to the frequency of about 149 MHz. This tempera-
ture @ependence Can De expiained Dy assuming Nar Doe nesr 3—Te—) bond
15 formed by the Sc—4e bond. The validity of the 8c—4¢ bo.d was suggested
by the X-ray crystal analysis [2], which indicated that the ax-21 Te--I bonds
are considerably longer compared with the sum of the ccvalent radii [8].
The two Te—I becnds in the hnear I—Te—I bond are str.ngly correlzated.
When one iodine atom in the I—Te—I bond forms intermole cular bonds, one
I—Te bond is weakened and lengihe.aed and this results in a hortening of the
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other. '*°’1 NQR frecuencies of the two iodine atoms in the I—Te—1I bond are
also strongly correlated. When one iodine aiom 1n the I-—-Te—] bond forms an
mtarmolecular bond, 1ts NQR frequency decrsases; the intermoiecular bond
is formed by electron iransier from a p orbital of the iodine atom to an
empty orbital of the weilurium atom. The frequency decrease for one iodme
atom resulis in a frequency increasing for the other. When the temmperature
rises, the intermolecular bond will partly br2ak and the NQR frequency of
the iodine atom participating in the intermoiecular bond wil mcrease. How-
ever, the frequency of the other will decrease although these eifects are
modified somewhat by the latfice vibration effect. The curves of the two
1odine atoms are thus symmetrical about a certain freguency.

Temperature depencence of NGIL frequency tnh (CH3}.Tel,

The tcmperature dependence of 271 NQR irequencies in (CHj).Tel, is
shown m Fig. 5. The two higher NHQR bhnes, which are assigned to the I,
molety, decreased their frequcncies with Increasing temperature; the two
curves are almost parallel. With respect to the remaining two lines which are
assigned to (CHi),Tel. moiety, the frequency of the lower NQR line Increased
but that of the other decreased as the temperature was raised. Since the
lower NQR line arises from the triply-bridging iodine atom, its posifive
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Fig 5 The temperature dependence of v, NQR lines of '**I 1n (CH,;),Tel,.

Fig 6 The temmpersture dependence of 2*@Qq,,/h and n of the lowesi '*’I NQR lhne 1n
(CH,).Tel,
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temperature dependence 1s of inferest. The ftemperature dependence of the
nuclear guadrupole couphng constants, e2Qq, th (i = x, v, z) and the asym-
metry parameter, n were derived from the temperature dependence of the v,
and v, NQR lines, as shown in Fig. 6. €’Qgq,, /i shows a positive temperature
dependence and £°Qq_.-/h shows a large negative ‘emperature dependence, i
Increases with increesing temperature. Since the », NQR frequency of 1271 1s
expressed approximately by

v; = (3e*Qq/20AN1 + 1.0926n° — 0.6340n*) {1)

the frequency varies with n and ?@g_/k. In the present case, as the tem-
perature is raised, e*@g_./k decreases slightly but n increases considerably
Therefore, the contribution from the laiter overcomes that from tte former
and the », frequency mcreases with increasing temperature.

Then, the positive femperature dependence of n 1s discussed mn terms of
the variation of electron population The triply-Eridging 10dine atom forms
three bonds with 2 tellurium atom in the (CH;},Tel. molety ard 1odine
atoms 1 the I, moieties on each side. The [—1e distance 1s 3.082 & and
I---1 distances are 3.456 and 2.404 A. The Te—I---T angies are 84.65" and
95.75° and the I--:I---1 angls is 140.45° [3]. Ther=fore, the iodine atom
forms a tnply-bridging bond by p. and sp? hybriid orbitals. One p orbital is
used to fommm one I—Te bond. Two sp® hybnd orbitals are used to form
two equivalent I---I bonds and the last is a lone pair nonbonding orbital.
When the direction of the lon2 pair orb:tal is chosen to be the z axis. the
orbifals are given by

‘IDI. = ¢p:

¥ = (1 —A)2e, — A,

va = (1/2YR(AY8, — (1 —AY e, + 0p,)

'r"-: = (1/2)1"1(-‘41.265 - (1 _‘4 )lfzgp} - ppx)? (2)
where A = (1 —cot?6#)and 29 15 the I---I---I angle. The electron populations
of U.. i, Y35, and U, are represented by e, 2, b, and 5, respectwely. Then,
e’Qq,,/h and n are expressed as follows

e’ Qg../h = [(A/2)(b — 2) + (2 — b)]e*Qgu/h

e*Quq,, th = (1/2)[A{b — 2) + (b —a)]e?Qq./h

e*Qac/h = [(A(2 —b) + (1/2)(b —a)}e’Qqgo/h (3)
n=3(b—2}/24(a —b)+ (b — 2)] (4)
where e?Qqg,/h is the quadrupoie couplng constant of one p electron The
values of a and b are calculated from *he observed e*@gq_/k and 7 The
results are listed in Tabie 4. The vanatic=z of electron populamons 1s larger 1

& than in a Thus, the variation of the pcpulation with temperature is smaller
in the I-—Te bond than in the I---I---: bond, mnecating that the I---I---3
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TABLE 4

The vaiwes of a and b at various temperatures

T (K) -} a

17 1.659 1.945
iz2 1657 1.541
173 1 558 1.238
229 1 658 1 934
270 1 655 1 933
300 1655 1933

bond is weaker than the I—Te bond. This 1s consistent with the results of the
X-ray analysis [3]. When the temperature is raised, the I-<-I---I bond 1s
partly broken by the enhanced thermal vibration and only small amounts of
eiectrons migrate to the I, moiety; the 1. moiety charges negatively. The
reduction of b results in an ;mcrease in 77, as shown 1n Fig. 6.
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