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ABSTRACT

129

The I MBssbauer emission spectra of the compounds

129m 120m

(v,)

reported against a Na

Te¥, and TeX), (X = C1, Br, I) have %cen

1291 absorber at 4°K., The spectra

give evidence in the case of the (NHA)QTeX6 compounds
for the formation in the radioactive decay of the octahedral
ions IClg, IBr6_ and II6—, which are observed over the

lifetime of the M8ssbauer transition. It is shown that

1 .
the 291 isomer shifts for these ions are consistent with

125

Te isomer shifts of
125Te/129I

the values to be expected from the
the parent compounds, and the previously feported
isomer shift ratio.

In the TeXM compounds, the emission spectra are

1291 atoms are

much more complex and indicate that the
not found in an environment isostructuctural and isoelectronic
with that of the parent. These spectra are tentatively
interpreted as evidence for the presence of the square planar
IXM_ ions in each case.

The 125Te M¥ssbauer absorption spectra of the
parent compounds were also studied to aid in their iden-
tification, and the parameters obtained are compared with
those in the literature. The 125Te isomer shifts for the

Texggw anions are interpreted in terms of pure p-bonding



and, in conjuction with data from the emission spectra
and data from previously reported N.Q.R. work, an isomer
shift versus p-hole density relationship is established

for tellurium:

B(mm.sec.'l) = o.45(fo.01)hp - o.15(fo.03)
(I/Cu sources)

It is shown that this expression is consistent with
that previously derived by other workers for 1291

MBssbauer isomer shifts.
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T. Introduction,

Radloactive decay may be used as a tool to prevare
and study chemical comoounds, which have not previously been
vrenared by more conventional techniagues. The objective of
this work was to study the formation of several novel,
polyhalogen complex ions in the solid state followine radio-
active decay and to study the bondine in these comnounds
nsings the M8ssbauer effect, The radioactive decay event
serves both toysynthesize the new molecule and to vonulate
the M8scbhauer level in the dauchter nuclide, The M8ssbhauer
isomer shift and quadrupole couprling data obtained may then
be related to the electronic structure of the newly formed
molecule, nanoseconds after it has been formed in the
crvstal,

In such an exvperiment the interpretation of the
M8sshauer spectra obtained is ereatly simplified if the
nature of the bondinea in the parent molecule has been
previously studied by M8ssbauer and nuclear quadruvole
resonance spectroscopy, and if the structure has been
determined by X~rav crystallosraphy, Such studies have
nreviouslv been carried out for the varent telluriurm com-
pounds used in the vrresent work and the relevent information
obtained will be reviewed in later sections, In addition,
previous studies of the bondinec and structures of the inter-

haloren compounds using FM#ssbauner and M.,Q2.R. technloues are

nf ohvious interest in the onresent context and will also be



reviewed,

The objective of the present investirecation was to
study the molecules formed in the radiocactive decay of
1?9Te __2:__>1291 in lque latelled TeVu and TeY62- com-
noundsg, vhere ¥ = C1, Br, or I, When the radioactive decay
is not accomnanied by molecular fraementation, the iso-
electronic and isostrnctural iodine analorsue of the varent

tellurium molecule will be formed as shown below,

4+

129pev, B p1v),

129Teyé-——§:——~>IY6-

It was of interest to determine whether these
unusual and novel jiodine compounds would exlst as stable
chemical species over the lifetime of the M8ssbauer

transition,



I7. NMHsshaver Stndies of the W fectas of Radinactive
[1,2,3]

Decav

In radioactive decay, the nuclear transformation
1s often accompenied by frasmentation of the parent molecule
as a consequence of electronic evcitation resulting from the
nuclear process,

In beta decay , the electron cloud of the atom is not
disturbed, 1.e. there is little or no excitation. By contrast
in an isomeric transition which is highly internally
converted or in electron capture, a hole is created in the
inner shell of the decaying atom, leading to extensive
ionization through Auger charging. As a result, beta decay
rarely results in bond rupture, whereas internal conversion
and electron capture usuall y lead to extensive molecular

decomposition, at least in the gas phase,

A, MBschauer Sktudies of Reta Deacav,

1., Yo Mnalecular Fracmentation,

G.J, Perlow and M,R. Perlew EuJ first used the

M8sshauer effect to study daushter molecules synthesiz-

ed in beta decay, Tn the initial work of Perlow and

127 127m

Perlow the I emission spectrum of Hy Te06 was stndted,

Here the decay of 127mTe proceeds directly to the 57.6 keV,
MBsgshauer transition in ]?7T by bhets decav and it was con-
cluded that the beta decay did not result in observable

5
molecular disruntion, PnsternakL’J reneated the ahove



L

9
exveriment, only now using the 12'1 M8ssbhauer transition as

129 '
a probe, Arain the isomer shift of the "I spectrum
5-.

-

(6

corresnonded to that of 106

Perlow and Perlow also investisated the form-

ation of the Yenon comnounds VeClu and YeCl2 from the beta

decay of I€1,7 and 11,7 lsbelled with 1271

compounds were found to be stable over the one nanosecond

129
lifetime of the 39,58 keV, isomeric level in Ye,

. The Yenon

[7
Work done in this laboratorv by Jones and WarrenL
8~ 129

utilized the beta decay of 129Te ———> I in various
tellurium oryeen compounds to vopulate the 27.7 keV,
M8sshauer level in iodine, They found no molecular

frasmentation in the product iodine compounds., It

was also shown that the IClé' ion forrmed in the decay
129

'PeC]é2 __i:_~>1291C16' remained stable, This discovery

laid thz hacsic for the nresent recearch,

2. VMoleenlar Fraomentation,

g
Rother, Wasner and Zahn[ J studied the chemical

19

3 .
consennences of the heta decav of “Ir in several osmium

compounds usine the 73 keV,, 6 nanosecond M8sshaner tran-

19
sition in 3T'r‘. Thev ohserved that the primary daughter

Q - (@]
1.»’5&Q 8 {>1

molecule formed in the heta decay “BIr was

not stable, This eyperiment is one of the very few cages

in which molecular decomposition has been observed

in simple beta decay.

[ —



5

Pasternak and Sonnino [9] used the 9,3 keV,, 147
nanosecond M8sshauer level in 83Kr to study the effects of
the heta decay 838r ——————>83Kr in various bromine com-

vounds, For examnle, they found that in exveriments with

2
833r03 the corresponding 8"'KI‘O3 species was not detected.

129 8- 129
—_—p

In the case of the I ¥Ye decay, discussed

earlier, the formation of Ye comnounds was probably
observed because the 1291 beta decay nonulates the M8ssbauer

129, 83
Ye, In contrast in the Br case the decay to

level of
the M8ssbauer level occurs throush the metastable state

= 1.9 hr.) of ©3Kr. It is then possible that within
83

afe

(t
this time the Kr ion, formerly in a hiah-valence state,

is transformed into a neutral atom,

B, MAsasbhaner Studies of Blectron Canture and Isomeric

Transition (EC and IT),
[10]

Violet and Booth , and subsequently Jung and

TrifthéuserLllJ, investirated the effects of electron

12 EC
canture and Aurer chareine in the 5I —£~—l—-> 125Te decay,

ITn this investicration molecular fragmentation was observed

125

in Na 'IOB. as a result of the enormous eycitation and
jonization created in the Aurer cascade accomnanvine the

electron canture. Jones and Warren[7J, in thelir studlies on

g 129
129 (IT) 1297, __B7 » T,

129m
the decay Te —eo—>Pp also

observed molecular fraementation in a conasiderable fraction

om 2
of the 12 mTe ————-—DJ‘QTe decay events in tellurium

oyvren compounds,



IIYI, The M8ssbauer Effect.

The M8ssbauer effect was discovered in 1958 by
1
Rudolf M&ssbauerL 21. Applications of the effect have rapid-
ly expanded to cover many aspects of physical and chemical

phenomena,

Many books and articles have been written on the

%, 15y 16] _4ying a complete description of its

subject L13,
origin and uses in detail, A brief discussion of the M8ss-
bauer parameters of importance in this research project 1is

presented below,

A, Isomer Shift.

Only when both the source and absorber are sub-
jected to the same physical conditions such as equal temper-
atures and equal local fields of thelr constituent nucleil
will a M8ssbauer spectrum be symmetric about zero velocity.
Any deviation from zero velocity 3s an isomer shift which is
directly related to the perturbation caused by the density
of the s-electrons | ¢s(0)lz at the source and absorber

nuclei according to the expression:

2
6 = constant | ¢s(o)|: - \Ps(o)ls ] (%g) (IT1-1)
* Rexy + Rend
where R = Rex-~Rand and R = ;-——ir———m.‘_The subscripts "a"

* ex - excited, gnd - ground



7

and "s" refer to absorbing and source nuclei respectively,
The relationship between the sign of the observed isomer
shift, the change in nuclear radius of the ground and excited
states, and the change in s-electron density at the nucleus
for any gliven M8ssbauer source-absorber combination 1is

shown below,

s a €4,
650 Rex-Rend>0 | Us(0) |>1 ¥s (o) |y 129y 125q,
Rex-Rend<0 | ¥s(0) | <| ¥s(0) | ~ 127y
S a
6<0 Rex-Regnd>0 | ¢S(0)Ié<| ‘IJs(O)Is -« 1291. 126Te
Rex~-Rend<0 | ¢s(0)l€>| ‘I’s(o)lS 127;

It is difficult to obtaln information on s-elec-
tron densities from a single isomer shift, since both source
and absorber s-electron densities are included, However, by
measuring relative shifts for a series of compounds with
respect to a standard source or absorber, the relative

change in s-electron density can be determined,

2
B, Quadruvole Coupling e qQ.

Under the influence of an electric field gradient,
the enercy levels resultine from the quadrupole hyperfine

splitting of a nuclear energy level are civen by:



2
- _e“qQ 2
Bn,1 = 5T(31o1) (Co = C2N) (I11-2)
where
2
Co = 3m~ < I(I+1) (I11-.3)
_ 11 f(I,m=1) f(I,n+l)
®2= 1| TmT T T mn (T11-4)

2 . n®) [(I+1)2 - mz] (ITI-5)

£f(I,m) = §(I
assuming only terms up to nz need be considered, Here eq
is the electric field gradient in the z direction (the synm-
metry axis of the field) at the nuclear site, which has its
origin 1in the distribution of electrons in the atom contain-
ing the M8ssbauer nucleus. eQ 1s the nuclear quadrupvole
moment, I is the nuclear spin (I21l) and m refers to the z
component of the nuclear spin,I.

We define the deviation of the electric fleld

gradient n in a molecule from axial symmetry by the

equation:

n= YXx = Vyy (IT1-6)

vVzz

(V33 being the electric field gradient in direction jJ).
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The interpretation of the quadrupole splitting of
the 1291 M8ssbauer spectrum requires one to take into account
the splitting of the nuclear enersy levels of the ground and
the/excited state., Hence the position of each line 61}
corresponding to the mi - mj transition in a quadrupole split

spectrum is given by the expressionEl?J

= o FQ* ("7 _ (o = Cpn)

Q T (21-1) 1(2I-1) ]+ ° (IH-7)

where 6 i1s the isomer shift of the centroid of the M8sshauer
spectrum with respect to zero velocity. The superscript *
denotes the excited nuclear state, EY is the energy of

the M8ssbauer transition, and ¢ is the velocity of light.
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1v, 125pe Msssbaver.

125Te MYssbauer absorption experiments on Teyu and
(NHh)ZTexé (X = C1, Br, I) were carried out to characterise
these compounds by comparison of the 125Te M8ssbauer parame-
ters with those values previously reported in the literature,

The M8ssbauer transition for 125Te and the methods

by which it may be populated are shown in Figure 1,

[
125sb 27 WR.

5

'zg;‘ Te 58 DAY
0.145 MeV

O=5b. .
EC. 125
_/ 531 ©€00AY
3

/a2t
124 0.0355 MeV
52Te L6 nsec.
'/g+

125
55&

Figure 1. Decay Scheme Showing the Population
125

of the M8ssbauer Transition in Te,
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1, 18
(10, 11, ] it has been

From preceeding studies
shown that the 35,5 keV,, 1.6 nanosecond M8ssbauer transition
in 125Te is characterised by a very large natural line width,
2 = 5,32 mm, sec.-ljewhile the observed isomer shifts are
relatively small as a consequence of a small Rex-Rand value.
Moreover, the quadrupole coupling constants equ. observed
for tellurium nuclel in an electrostatic field gradient, q,
are relatively small because of the small value of the quad-
rupole moment Q, This leads to unresolved spectra and diffi-

culties in spectra analysis, The line spacing A in the two

line 125Te gquadrupole split spectrum is given by Dj]

Q -
A=E3/2-El/2=2__2_ '.;_) (IV-1)

Since only two lines are present in a quadrupole split spec-

5R 125

trum, a value for ncan not be obtained. ~§»for Te was

found to be (1.3 p 0.9) x 10—4{191 This should only be
(11, 29

taken as a rough estimate since other calculations

yield values that differ by an order of magnitude.

Interpretation of 125Te MBssbauer Spectra

A. Isomer Shift.

The isomer shift i1s measured by determining the
shift of the centroid of the MBssbauer spectrum with

respect to zero velocity.

* 1 mm, sec.”1 % 10"Tev,
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125

Representative values of Te 1somer shifts are

(20],

The positive value for Rex-Rend for l25Te indicates

shown in Figure 2

that 1f the s-electron density| Y4 (0) |2 at the absorbing
nucleus is greater than at the source nucleus, then the
isomer shift will be positive in sign, Conversely, a

low s-electron density at the absorbing nucleus corresponds
to a large negative isomer shift,.

Large positive values for the isomer shifts may be
readily understood in terms of the following model for bond-
ing in these compounds, The 552 electrons of the tellurium
may be considered to form a gtereochemically inactive "lone
pair". This was suggested by D.S, UrchLZIJ who has consid-
ered the nature of the bonding in hexa-halogen complexes of
non-transition metals, He proposed that if thg ns orbital
(alg) of the central atom plays little part in tﬁé bonding
then an extra pailr of electrons may be accomodsted in the
a1, antibonding molecular orbital, a "lone pair", without
distorting the octahedral symmetry., He also argues that
electrons in such ns orbitals will decrease the'effective
electronegativity' of the p-electrons, thus allowing them to
play a greater part in bonding, Therefore, the loss of p-
electrons in bonding would then lead to increased de-shleld-

ing of ths 532 electron "lone pair" from the nucleus, with a

2
commensurate increase 1n| ¢S(o)|a which would be evidenced
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(NH4)2TeC|5
{NHq)y TeBrg A

(NHg)Telg
Te'4
x
TeTu4C12
t- TGOZ
HaTeO3
Te metal

Te(N03)4
TeF4

MnTe

Z nTe

BaTe03

ALISN3Q NOY1I313 SS ONISYIHONI

CoTe0D 4

a TBO3

HGTGOS

Figure 2, A Comparison of Isomer Shifts for 125Te-Labelled

¥ Tu = (

H2N

Tellurium Compounds, A Positive Veloclity Corres-

ponds to the ZnTe Source Moving Towards the Absorber.

)2
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by an increasingly more positive isomer shift, For example

1f one compvares the isomer shifts for the series TeYéz-

(v = I, Br, Cl), they increase with the ligand going from I

to Cl corresponding to an increase in the s-electron density at

the tellurium nucleus, With the increase in electronegativity
of the halogen more p-electron density from tellurium leads
to a high s-electron density at the nucleus, Large negative
isomer shifts may be explained by the presence of hybridiza-
tion involving delocalization of the 5s electrons on the

tellurium into bonding orbitals.

B. Quadruvole Counline,

The parameter directly obtained from the 125Te
M8ssbauer exveriment is A the line spacing (Equation IV-1),
When N = 0, that is the electric field gradient q is sym-

metrical about the z-axis, then:
2
A= % e“qQ. (IV-2)

Hence, whenn# 0 a value for e2qQ can not be directly ob-

tained,and therefore only comparisons of the A values can be
made, Thus far very little useful information has been der-
ived from 125Te quadrupole splitting data in the literature.

This may in vart stem from the fact that many tellurium com-

pounds are polymeric,



v. 1291 msssbaver. 15

The nature of the 1291 M8ssbauer transition has

been well characterized and the decay scheme is shown in
Figure 3, The 27.7 keV,, 16.8 nanosecond 1291 MY8ssbauer
transition yields a narrow natural line width, 2 = 0.59 mm,

1 with relatively laree isomer shifts and quadrupole

sed,
coupling constants, However analysis of these M8ssbauer
spectra 1s complicated by the fact that the transition is a
5/2 (exclited)-7/2 (ground) transition and this leads to

eicht lines 1n the gquadrupole split spectrum, In order to
obtain the isomer shift, (Figure &), the centroid of the eight
line spectrum must be found using equation III-7, Cohen[z,z:l
calculated the line positions for intervals of 1 and has
shown that only the positions of lines four and eight are in
fact sensitive to Mo Thérefore the parameters 6, e2qQ.and n
can be determined from equation II1I-7 by:

1. using the positions of the lines other than four
and eight to determine & and e2qQ ground by neg-
lecting the terms in n2 and

2, then determining n from the positions of lines
four and eicht,

129

Interpretation of I M8ssbauer Spectra,

A, Isomer Shift,.

For 1291 M8ssbauer spectra the relation-
ship between the 1scmer shift and che s-electron den-

sity at the nucleus as given in equation III-1 becomes
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-2
6 = 2,23 x 10 > %? Ll ¢s(o)|2 a -| ¢s(0)|: ] (v-1)

I ~5L2
where %; = +3 x 10 sl 3]. (v-2)
As for lste,the 1291 MUssbauer transition has a

positive Rex-Rgnd and thus a negative isomer shift corres-
ponds to a lower | \Ps(o)l2 in the absorber than in the source,
and a positive isomer shift a higher | ¢s(o)|§.

In Figure 5 is presented the isomer shift data

1291. Those compounds with

reported in the literature for
-5 have relatively low | ‘PS(O)IZ and this may be explained
in terms of hybridizatlion involving the 582 electrons on the
iodine, In those compounds with +6, the 532 electrons on
the iodine may be considered as a "lone pair", Removal

of p-electrons in bonding leads to deshielding, and in-
creasing I ¢s(0)|§. The removal of p-electrons from the
iodine is linearly related to the isomer shift in these

[26],

compounds by
-1 .
6 (mm, sec., ~) = 1,5 hp - 0,54 (V-3)

. 6
where hp is the number of p-electron holes in the S5p shell
of 1odine (I™ has hp = 0) and 6 is measured relative to a

ZnTe source,

As a result of the large electronecativity
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difference between 1lodine and fluorine, s-electrons par-
[24]
5 .

involvine hs, the number of s-electrons extrscted from the

ticipate in the bondineg of IF7 and IF A term

552 shell, must then be included in the expression
26 |

2
6 = 1,5 hp - O.SLLL 5 » to explain the MBssbauer isomer

shifts in the analysis of the charzcter of the I - F bond.
26 |
’

The equestion then becomesL
5 (mm.sec.°1) = -8,2 hs + 1,5 hp - 0,54, (V=4)

However the isomer shift could be affected by d-electron

particination in the molecular orbitals of IF5 and IF7, a

point which has heen neglected in this simvle apvproach,

B, Ouadrunole Counline,

129

The theory used to interpret I M8ssbauer
quadruvole coupline data was first vpropvosed by Townes and
Daile},rLZ?:I to analyse nuclear quadruvnole resonance (N,Q.R.)
data., However this analysis can be carried further with
1291 M#ssbauer than with N.Q.R. since the sign of the quad-
rupole coupling can also be obtained,

Accordins to the theory of Townes and Dalley, the

electrostatic field sradient, Apgieculer 8rises from an

imbalance in the population of » orbitals in the molecule and

can be related to that for an atom with just one hole in
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its p shell, U tom by
Imolecule = ~patom (V-5)
— Lo
where U = - U, + 3(Uy + Uy) (v-6)
is the p-electron deficit or excess alone the z axis,
Ux’ Uy and Uz are the pnewelectron nonitlo*icons in the Dy ny,

and »_ crhitals, with the orinsinal avis ~f +he vodzonia

2

I

e ql

-

Loine Aefivaed a5 the z-avis, The dezcrintion of th

m

and n in terms of the v-electron distribhution then vecomes

2 noo—= I8! 2 : S
© 0nplecnie? - Top ¢ U pom® (V-7)

4 - ’3 UX "' {-Tv .
an n= > U, (Vv-8)

2 129 .
The value for e .t ? for I,as deduced from
nuclear quadruvole resonance studies, is -1607 lic, sec.'lu
; 2 -
The experimental measurement of e a.. 75016 and n do

not alere a2ailow the determination of Ux’ Uy and Uz. How=

ever for the case of pure v bondins:
np = 6 - (U_ + U, + U) (V-9)

where hp can be obtained from &6 as previously described,
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Thus the values determined for Ux’ Uy, and Uz will provide
a falirly detailed picture of the distribution of p-electrons
in the molecule,

A number of calculations of this sort have recently

reen reported on the isdine compounds ICl, IBr, I C16.
[ok,28] - [26] [24] 2
IZC}LLBI‘Z -2 L 1] I2 9 IF [ IF

- 257
r
CIMLZQ'BO]v SnIu"Bl’ BZJ. ICNLBBJp and (NHLP)ZTeIé

' CHBI, CHZEZ, CHI,,
[34,35]
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VT, 1271 MH¥sshauer,

The M8ssbauer effect of the 57.6 keV, 1,9 nano-

. 127 .
second transition in the ground state of I (Figure 6)

~

127m
which follows the beta decay of “""Pe has been used to

measure the isomer shifts of a variety of compounds at
u.2°K.[u’36]. Although the quadrupole coupling constants
for the 1271 nucleil are slightly greater than those for
1291 nuclei in the same chemical environment, the very
broad natural line width, 2[ = 2.54 rmtn.sec._1 and small
isomer shifts of these spectra make them hard to resolve,
For this reason 1271 M8ssbauer spectra were not studied in
the present work,

The experimentally measured isomer shift and
quadrupole coupling ratios previously revorted in the

literature

6(2%1)
6 (1271)

(37]

= =2,67 (VI-1)

o~ 8—
1) = 0.70121L3 i (VI-2)

120
eon( 25
e”qa(+<71)

) . 129 .
allows a comvarison oi I M8sshauer naraneters with ler

I
Flsabhauer and nuclear guadruvole resonance eyreriments,
This ratio may be compare’d to iscmer shift

ratios previously revorted in the literature
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129 :
X 1) = 3,15 L39J (VI- )
5 (1257¢) ) >

125
ﬂ__o__'“_fi) = 0,29 % o.o3[u°] (VI-4)
6 (12971)

These comparisons are developed further in
" the discussion.
'nge 109 DAY
0.0887 Mev
72t 0.0576 Mev
1.9 nsec.

Fizure 6, Decay Scheme Showing the Population

of the M8ssbauer Transition in 1271.
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VII, MNuclear 2uadriunole Resomnance SnectroScopyv .

Pure quadrunole resonsnce, or nuclear quadruvole
resonance svectroscony (N.Q.R,), provides informaticn about
the electronic structure of chemical bonds analocous to
that derived from M8ssbauer spectroscopy. N.Q.R. measure-
ments have been made previously on the tellurium hexahalides,

2- (V:: Cl, BI‘, I)[ul’ LL?’ LLB’ L"u’, L"SJ’

[46]
4

- TeY tellurium tetra-

6

chloride TeCl and a dimethyl~tellurium dichlorideEu?J.

Other relevant compounds which have been studied inciude

- . - 48, 49 50 rap ~ 51

the interhalogens 1012 3 IC¢4 s 12016- s 1B 5

-
and IB_[Bl’ 54}.

Only those isotopic nuclei which have a
nuclear spin I Z 1 possess & measurable nuclear
quadrupole moment Q, Table I shows the halogens which have

an electric quadrupole moment and are accessible to study

throuch N.Q.R. spectroscopy.

a
Atomic Ouadruvole Couvline Constants eQa Atom of Halorens

Nucleus Svin Ib $e0aq atom (Mc/sec,)
3501 3/2 54,873 1 0,005
37m1 3/2 -b3,255 * 0,005
7%y 3/7 +38L ,R78 I 0,008
Alay /2 +221,516 % 0,008
1274 5/2 -1146,356 % 0,010

a O is necative for 71 and T.ﬁ6]
b It showlﬂ be ggted that the iodine isotopes are desic-
nated ”7[ 1'*1 ete,, while 1T on 1ts own is the reneral

avmbol for mmclear anin,
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The enercy dlacrams for nucleil having azn electric quadruvole
+ + .
moment of <= 5/2 and = 3/2 nlaced in an inhomoreneous electric

field are shown below,

MI MI
AN |
+ - +3 1 +5
4,1 —2 + 4/ .__i
/ /
/ /’
v
/’ / 2
EQ \ M (‘
\ I RN +3
\ 20 \ v 2
\ L N S ]
I N YO ey > 2
4 )
A, N,0,R, of Tellurinm Comnounds,
[27] . . .
Townes and Dailey~ obtained relstionshins on

bondine from N,Q.R, measurements for diatomic molecules in
terms c¢f a simple theory, They have shown that the gquad-
rupole coupling constant of the haloeen can be related to
the covalent character (1-i) of the bond involvine the
haloeen atom:

eQq = (1-1) (1l-s) eQ0 4t om

““molecule
where"i"denotes the ionic character of the bond and "s" is
the s-character emploved by the haloren in bonding,

The net charre, p» ON the central atom is then
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calculated to be

p=1b -6 (1-1) (VITI-1)

+ Calculations for several nolyatomic

(41, B4, 47, 55]

for Te in TeY6
molecules have been carried out which has
extended this theory to certain special cases, 1In

[u1]

particular Nakemura et aljy have studied the haloren N.Q.,R.
svectra of Tevév- ions and this work will be ovresented in
some detail in the discussion,

Also the results of the N,Q.R. eyperiment carried

r

out for ‘I‘eClu’LLL6J arsree quite well with the crystal structure
of this comround since the six lines observed correspond to
the slichtly different environments of the =8ix chloring atoms
surrounding the octahedrally co-ordinated tellurium. The

crystal structure of TeCl; is discussed In detail in a

later section,

B, N.Q.R Studies on Polvhalogens,

) [ 48, 49]
Yamasaki and Cornwell” carried out VM,Q.R.

measurements on both the iodine and liecand chlorine in the
crystalline compounds IC1, IClZ—, IClu- and 1?016. Their
results surrested that 4 orbitals are considerably less
important in bondinec these comnounds than had previously

been supposed and that the p-bonding model vproposed by
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PimentelES?J represented a better approximation than the

spd hybridization model., The N.Q.R. measurements also verie
fled the prediction that the i1odine coupling constants
calculated for IClz- and IClu- are the same as that of ICl
except for a change in sign in the case of IClu'. This

is consistent with a p-bonded model because in the case of
IC1l there is one short covalent bond while in the linear
IClz' lon the two long ionic bonds have the same net effect
on the electrostatic field gradient at the 1odine, 1In the
case of the square planar IClu° lon there are two p orbitals
involved in bonding and one "lone pair" of electrons, In
IClz' there are two "lone pairs" and one b orbital involved
in bonding, (Figure 7), so that the quadrupole coupling
constants on the central iodine should be equal in mag-
nitude but opposite in sign, Thils observation was born out
experimentally through M8ssbauver and N,Q.R. measurements[u’ 48, 49].
Yamasakl and Cornwell also calculated the electron dis-

tributions using a L,C.A.0. - M,0, approach, It was found

that the general features of the electron distribution

obtained were not markedly different assuming an s-character

of the chlorine o orbital in the range 0.0 - 0,3,

o S

Figure 7. Orbital Populations in IClu- and ICl2
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JTTTh T™he Structures and Prarartisce nf the Tellnrinm

Hol1Admg and the Palvhalngen MammAannrisg,

4, TelJuyrinm Haljdex,

1, Hexahalldes.

Knowledre of the crystal structurec of the
tellurium compounds studied here will aid in bonding

internretations of M#ssbeuer data (Table II),

TABLE II

%
Crystal Structures of the Tellurium Halides

Compnound Structure Comments Reference
(wi,) ,TeCl,  Cuble K,PtClg Te-Clz2.541 ’ 58
TeC16 regular
octahedron
(WH,),TeBrg  Cubic KpPrClg Te-Brz2.70 R 61
T >221°K, distorted TeBr, < regular
cubic T<221°X
' octahedron
(probably tetragonal)
TeCly, Te)Clig units in a see Figure 8. 59,
cubane-1like structure 60

(NHH)2T9C16 vossesses the cuble K, PtClg structure
with the TeC162' anion a recular octahodronLSg}. (Nqa)gTeEré
also has the KZPtC16 structyre but becomes distorted at
temperatures below ?21°CL61} because the amronium ion is
csmaller than the cavity formed by the twelve surrounding
bromine atoms, However 1t was found that the repgular
octahedron of TeBréz- is retatned in both the Kt and cs™

% covalent radii(f): Te-1.35; C1-0.994%; Br-1.142; I-1.333.
jonic radii(l): c1-1.81; Br-1.95; I-2.16.

i
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Equivalent Bond Angles,
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salts so that in these crystals the cation has little
effect cn the geometry of the anion.
The crystal structure of (NT—Iu)gTeI6 has not
been renorted, but ngTeIé was fourd to possess the

L62]

bromide case, the (“qu)g-eI6 probably possesses a dis-

cublc K2PtC16 structure Therefore as in the hexa-
torted K, PtClg structure with the Teféz_ ion being a
reealar octazhedron, The octahedral TeIé?_ unit has also
been reported in Ng(Hzo) rr‘e'.[6[ 3] and K2T316[56],

The chemical stability of the Teyéz' anions with
respect to total substitution, increases in going from Cl to
I[6n]. This corresponds to an increase in covalent char-
acter of the Te-X bond as the electronegativity difference

decreases tetween tellurium and halogen, N,Q,R. measure-

]
mentsE ] have also demonstrated this,

2. Tetrahalides,

The crystal structure of TeClu has been revorted
[59’ 60]. TeClu forms monoclinic crystals consisting of

Te),Cl g units (Figure 8), The shorter Te-Cl tond leneth

1
corresponds to the sum of the covalent radii. TIonic bond-
ing vlays a more dominant role in the much weaker Te-Cl
brideine bonds, This structure supports the model which
surcests that the tellurium atom utilized 5p orbitals only,

in bonding since 211 of the bond angles are 90° 1 5°,

Fach p orbital on the tellurium atom forms one short
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covalent bond and one long ionic bond resulting in octa-
hedral co-ordinaticon, It is found that the Te-Cl bonds in
the TeC13+ group of TeClu are much shorter than those of

TeI

V-e1 1n (CH4),TeCl, and TeCl,°. Tn these latter com-
vounds the same p orbital is probably bondings with two
chlorine atoms thus resulting in two weak bonds with bond
order of one-half, There 18 also evidence to suggest that
the crystal structures of TeBru and TeI, are similar to the
structure of TeClu. Crystal structure data on SeClu, TeClu
and TeBru[ésj indicated that theﬁe molecules are iso-

[66

structural, Blackmore et al, prepared tetragonal crys-
tals of TeIu, the structure of which was explained by con-
sidering an octahedral bond distribution for the tellurium
atom, However two crystal forms of the tetrajodide are
reported, the orthorhombic one being the more common,
Crystal data on SbC1l,~, SbI,~, BiBr,” and BiI,~
£67’ 68], indicated that these ions exhibit octahedral
co-ordination around the central metal atom with linking
halogen bridges between metal atoms, Furthermore, there
is 1ittle evidence for influence of the "lone pair"*of
s-electrons in the above structures, Therefore 1t may be
surmised that the '[‘e)(LL (» = C1, Br, I) compounds probably
have octahedrally co-ordinated structures in the crystal

similar to the iso-electronic bismuth and antimony halide

jons for which the crystal structures have been reported,

¥ or "inert pair"
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B, Polvhalogens,

The‘formation of the polyhalogens IClu+, IBr4+,
I5+, ICl6~, IBrg  and 17- was expected to result from
the beta decay of the tellurium halides. 1In this
section the structure and stability of the known poly-
halogens will be discussed.,

Two classes of polyhalogen compounds exist: the
interhalogen compounds are electrically neutral, and the
polyhalides contain charged polyhalide ions (Table IIT),
Wiebenga, davinga and Boswyk[égj have reviewed the exten-
sive literature on the structures of the polyhalogen com-
plexes, It appears that these structures are characterized
by :

(1) the presence of "polyvalent"” halogen atoms,

(11) bond angles close to 90° or 180° and

(111) bond lengths which are some tenths of an angstrom
loneer than the sum of the covalent radii,

A more recent review by Wiebengsa and Kracht[7oJ describes

the bonding in interhalogen comnounds, nolvhalide ions and

positively charged polvhalogen ions by the use of a modified

Mlckel theory.

In this study we are particularly interested in
the statrility and structure of pentahalorens and hepta-
halosrens, Crystal structures of the pentahalide ilons

9]

IClu", RrF,” and I_.7 have heen determined' =,

L 5
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In the first two cases, the ions have a square planar
confirFuration with an iodine (or bromine) atom in the
centre while in the latter case the iodine atoms form a
"v" shaned ion and the structure can be described as con-
sisting of an iodide ion to which two iodine molecules
are attached, The difference in the two structures is
also manifested by their difference in stability. 1In
varticular the IC1,” icn is characterized by its thermal

L

stability while the I_~ ion readily dissociates in sol-

[

-~

utions and upon heating, The mixed pentahalide lons IZCIB'
and IZCIZPr"[7lj are also thocucht to have a structure
similar to that of 15-. Plzusible electronic structures
and shapes have been provosed {or 15+ as shown below, 1t
was first detected by Gillespie and wiinel 7% 791 in a

solution of iodine oxidized by 3206F2 in fluorosulfuric

acid,
I f I I I
~F_ = TN T P S N
1—I—1. 1 T 1 1 1 1
I

The T + and I?+ jons are also formed in the above solutions,

2 .
1 +
L74, 79, 80J, and on cooline the dimer qu is formed[76].

2+
The tetrahedral and square planar structures fer Ih were

eliminated in favour of the acyclic chain:

-+ + I
— 1
1—
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on the basis of a qualitative mnlecular orbital descrintion
of tetra-atomic molecules,

Delocalization enercies for different pessible
confirpurations of a given nurmber of halogen atoms have teen
(A2 ] .
calenlated-""-, Tor the pentahzlide ion it was shown that
the arrancerent revresented in (a) below has the lowest
enerey in the first aovproximation usine gn L,C,A,C.-V.0,.

treatment,

A~ A - A A~ A - A A
t { |
A A A-A - A
} 1 ]
A (a) A (b) A (c)
A - A A -A-A (3) A - A ~A - A

However several T-shaped tetra-atomic molecules such as

C1F., and BrF?[69’ 70], have been discovered, Nelson and

[78]

Pimental also propogced the existance of several T-

shaned meolecules analorous to the fluorides possessine

either the Cl-Br-Cl or the Cl-Rr-Br unit,
 L69]

In the comrnound N(ngé)b‘7 , NO Senarate
17" jons can be distincuished, Centrosymmetrical IB- ions

and I? mnlecules form a three dimensional pattern in which

each IB- ion is surrounded by four 12 molecules and each

tons, However the

12 molecule is surrounded by two I3
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distances between the 13- ions and 12 molecules is smaller
than the intermolecular spacing in crystalline iodine
(3.56 2) indicating a rather strong interaction. The
compound I82- has a linear structure similar to IS'.

It 1s found that the volyhalides are not stable
with respect to dissociation into a monohallde and halogen
or interhalogen compound[69J. The dissociation always takes
place in such a way that the halozen or interhalogcen mol-
ecules formed contain the heaviest haloren atoms, This
point must be remembered when interpreting the M8ssbauer
spectra of the polyhalide ions studied here.

Therefore, to date, no polyhalide
ions with the molecular formula IC1u+, IBr4+, IS+' ICig",

IBr6°. and I7- have been synthesized by ordinary chemical

methods,
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X Experimental.

A. The Mossbauer Spectrometer (Figure 9).

The M8ssbauer experiments were carried out on
an Nuclear Science and Engineering Corporation (NSEC)
AM-1 drive system and cryoflask, used in conjuction with
a Nuclear Data 2200 series 1024-channel analyser. Routine
calibration of the spectrometer using standard
NaEFe((CN)SNO)2H20 and a—FegO3 absorbers 5101]showed that
the velocity scale was linear (iO.S%) over the velocity
range used in this work and that the zero velocity
channel was reproducible to within 1L0.2 channels
general,sets of 2x256 channel mirror image spectre were
obtained with the transducer operating at 25 cycles
per second and an analyser multiscalar dwell-time of
80 microseconds per channel.

The cryoflask used with this system was a metal
vacuum cryostat which held liquid nitrogen for ca. 35
hours, maintaining the source and absorber at 80°K.

The cryoflask also held liquid helium for ca, 10 hours.

The MBssbauer source and absorber compounds
were mixed with a small amount of silicon grease before
being placed In the source or absorber holders, This
was done firstly to give good thermal contact between
the compound and secondly to evenly distribute the

material over the holder ensuring uniform thickness.



39

| I
' |
| | HV
| . ‘J
A |
NSEC
L] trans-— | 1 [ o (PA |
/\ DUCER
| [ e _ _ _
/\
_ AM-I ND - 510 sc -
MOSSBAUER 1024 CH.
DRIVE UNIT ANALYSER
-— [T
—= TO VACUUM PUMP
= | VACUUM
~ vz
- &1
RADIATION — n
SSIELS > —— LIQUID — COPPER FOIL FOR
T~ NITROGEN~ SOURCE COOLING
—or—| ||
—— HELIUM — P
DETECTOR| | %\ E‘?\ g TRANSDUCER
4 L_-———
‘ / AN l
BERYLLIUM \ \souncs
WINDOW ABSORBER

Figure 9, Diagram of the M8ssbauer Spectrometer,
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A teflon absorber holder with an o-ring seal was

Ls8]

used to hold the absorber compounds studied

R, Premaration of the Comrounds,

The prenaration of the parent tellurium compounds
used in this study were carried out as reported in the 1lit-
erature,

The vprocedures are summarized helow:

1. Tev,, v =c1, By, 1091,

Tellurium metal was dissolved in HNO3/H20 and the
solution evanorated to dryness., While still hot the
TeZOLLHT\TO3 residue was dissolved in the cofresbondinm concen-
trated acid, HY, After cooline in ice, concentrated sul-
furic acid was added to precipitate TeYu, which was then
filtered from the solution by suction,

_2. Tely .

As well a$ usine the above method, TeIu can be pre-
pared by two other methods[66' 82J:

(1) A Stoichiometric amount of tellurium and
iodine in an evacuated sealed tube was heated at 500°C
for ei~ht hours,

(1) TeTu was also prenared via telluric acid

0>

(83, 84]  Teliurium metal was dissolved in HNO3/H2

and the tellurite 1ion formed then oxidized
with rotassivm nermaneanate, with hydrogen peroxide being

added to reduce the mancanese dioxide forred, Addition
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of concentrated nitric acid precivitated telluric acid,
which was then filtered and washed with concentrated
nitric acid. The telluric acid was then dissolved in
concentrated hydriodic acid, and on slow evaporation, Tel

N
precipitated.

(111) The absorber Te129

Iu was also prepared, The
Na129I solution obtained from Oak Ridge was acidified with
dilute nitric acid and the iodine was precipitated out of sol-
ution by adding an excess of a saturated solution of sodium
nitrite, After centrifuging and removal of the mother liq-
uor, the todine was sublimed through calcium carbonate into

a tube containing tellurium powder. The tube, evacuated and
sealed}was heated to 500°C for eight hours to ensure complete

reaction,

As in the prevaration for TeY,, tellurium metal was
dissolved in HNOB/HZO and the solution evaporated to dryness,
While still hot, the residue was dissolved in the correspond-
ing concentrated acid HY, A few drops of NHuX in concentrat-
ed HY precipitated out (NHM)ZTeye.

b, ZnTeL87].

Zinc telluride was prepared by heating a stoichlo-
metric amount of powdered tellurium and zinc in an evacuated
silica tube at 750°C for several hours, This produced red,

cubic ZnTe,

C, Raman Svectra and Flemental Analysis.

The Raman Spectra of TeY, and (NHH)2T6Y6 (v = €1,
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Br) are summarized in Table IV alons with the literature
valunes, A Paman spectrum could not be obtained for the very
dar%lv colonred TeTu and the assionrment of the lines in

the Raman spectrum of (M u ? T, is very dubjous,

mATRT® TV

Ramen Snectra of the Tellnrinm Ualides

Cornound vy (em." 1) vo (em.=1) va(em.~1) Reference
Te 1, 37557 hRs 2Uls 150w *
(white so0lid) 137Ae e £8
376s 351s 3U43s 150w 89
Te®Rr, 24585 231s 22ls 133vw 124vw ¥
(orance so0lid) 250s - 22hs 220s 133vw 125vw 89
(nH, ) ,TeCly 299s 250s 143 *
(vnilow solid) 299s 241s 143s 90
2N0s 251s IRILSS 53s 91
(‘u TeRr 178s 155s Q1w 758 *®
(orange red sclid) .
K,TeRrg 178s 155s 9nw 70w 91
(M5, ) ,Tely 108, 74 %
(dark red solid) and 50w
K Telé 105, 78 91
2 ‘ and ACw

(assisrnment doubtful)

a s = gtrons, W = weak, VW = verv wesk,

#¥  This work,

The elemental analysis results are in good
agreement with the calculated values for tellurium and

halogen content in all of the halides (Table V).
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TABLE V

Wlemental Analveis Results for Tellurium and Haloren Content

Compound Calculated Obtalnedb

Te x® Te X
TeIu 20.09 79.91 19,79 79.80
(NHu)ZTeCI6 34,36 57,28 34,22 56,39
(H,,) Tenr, | 20.00 75,1k 20,16 7k, bb
(NHu)ZTeIé 13.87 82,77 13,98 R2,14

a Y =¢Cl, Br or I,

b Analysis carried out at Alfred Rernhardt Analvticel
Laboratory, YWest Germany. The analysis on TeCly and
TeBry was not carried out because the samples were wet
with sulfuric acid,

. - . 5
N, MBsshanyer Wvreriments with lz“Te.

In characterizing the tellurium comrounds used in
this work, the 1?5’1‘63 M8ssbhauer absorrtion spectra were

measured and comnared with those reported in the literature,

The features of the M8sshaver effect with 25T

10, 11, 18, 20, 9 ]
have teen revnorted in several naners[ ’ 18,20, 92, 93J,

The princivle difficulty in detection of the 35.5 keV,

125

gamma ray from the lM#sebauer transition in Te derives from

the fact that this transition has a K-shell internal con-
version coefficient of 11, This leads to a very hirch

tellurium Y=-ray backeround (TeK, = 27,4 keV, ’I‘eKB = 31,2
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keV,) which cannot be resolved from the M8ssbauer transition,
A Ye(COZ) nprovortional detector was used because the eneresy

125,

of the K-absorntion edee (34,51 keV,) is between
Y-rayv and gamma ray energles, Thus, only the 35.6 keV,

gamma ray is capable of K-gshell photo-electric absorptien and
subsequent excitation of xenon Y-rays. The 6.9 keV. escane

veak is counted in the M#=ehauer exveriment,

1 1?51’/(‘,11 Snnuree .

S . 17
A 20 millicurie 85I on conver source from New
125 125
Fneland Muclear wes used, The T—p "Te electron can-
- ture decsay scheme is illustrated in Fismre 1,
A Tive mm, thick copver absorber was bvlaced

jmmedistaly in front of the source and this reduced con-
sidersbly the backeronnd under the 6 keV, escape peak in

the detector. The 8 keV, copper Y-rays produced were

efficiently absorbed in the absorber holder and the vacuum

dewar window,

>, 12576 ahearher Commanmds,

L;
The atsorher commounds for 12’Te MYsshaner ex-

reriments were synthesized with tellurium metal enriched to

125 ) . .
71.7% in “Te followine the procedures outlined earlier.

129

. MBgsabhoner Fyneriments with 1.

129
The T M8sshaner srectra were recorded using a

Harshaw NaI(T1) Y-rav detector, intersrally mounted on a
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photo-multivnlier tube, torether with an Ortec model 113

oreamplifier and model 440 A selective filter amplifier,

129m
Yhen usine /mTe sources, 27.47 keV, tellurium Y-rays

12906, The

are seen in all isomeric transitions feedinec
pulse heicht analysis spectrum showed only a single broad
veak, the 27,7 keV VNM8ssbauer transition not teinge resolved
from»the Y-rave in the detector thus making the back-
eround count verv hirch,

2>
1, Source Activities far ]”QT 'miacsion ¥rperiments,

The lgnge was obtained by the irradiation of

128

50 mg, amounts of 99,46% Te metal in quartz

14 . -1
ampoules for two weeks at c,a. 10 n.,.cm, ‘sec, y In
the N,R.,UJ, reactor at Chalk River. The tellurium metal
was then used in the prenaration of the commounds
cdescribed earlier. These sources generally ranged in
activity from 0,5 to 2.0 mCi, and were usually less

than 10 mq.cm.'2 in thickness,

A preparative route applied by J. L.

129

I-Jar']"en['?:l was used in the prevaration of the Te MYssbauer

129 120m
source, The igsomer seraration of Te and ~"Te was
achieved throuch the chemical effects of the igomeric

129m
transition in solution, Te labelled telluric acid was

o)
dissolved in 4N HC1l., In this solution the 129mTe——4;2/Te

jsomeric transition vroduces bhond ruvture in more than 90%

C
of events, ecivineg ]?)TC(IV) in solution. In the presence of
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Te(IV) carrier, SO. is bubbled through the solution, this

2
29
selectively reducing the 1 Te(IV) to tellurium metal,

129m ’
the " Te remnalining in solution as H61?9

arated 129Te labelled metal was then used in the immediate

mTeO6. The sep-

prevaration of TeClu.

2, “heorbnrs,

i o
A Na‘“gI anrorber sealed in a plastic cell was

prepared by the evaporation of an agueous solution of

Nalggl obtained from 0Oak Ridge, It contained avoroy-

imately 15 mrr.cm.—2 of 129

129m

I. This absorber was used in

all Te emission evyvneriments, It was confirmed as a

129m .
9 Te gource givine a

single line absorber against a Zn
line width of 1.25 mm.sec.-] at liquid nitroren and 1.4
mm.sec.'l at liauid helium temperatures, The eyverimental
line widths in this work varied from 1,0 to 1,9 mm,sec,

at liquid nitroeen temperatures and from 1,5 to 3.8 mm.sec."1

at liquid helium temperatures,

F., Camnuter Analvsis of M8ssbauver Snectra,

The MAscahauer snectra were fitted to Lorentzian
_ . 100 |
curves by means of a computer analysis - .
Thea prorram need reanired initinl estimates of the line
nogsitions, fll-widtha, and intenasities, and allowed for the

conatrainine of anv number of these narameters during the

fittine procedure, In an ideal case, all such constraints
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should be removed durings the latter part of the comvutation,
However, for the more complex 1291 spectra, some of which
contained two superimnosed R-1line auadrupole split svectra,
it was found necessary to constrain many of the absorntion
line narameters throurhout the fittine process., The nro-
oram cave a value of chi-sauared, X2, for each fit, which
allowed a readv assessment of the statistical acceptability
of the fit, Only when the lz value indicated a deoree of
confidence lesé than the 0.§% voint, that is §2< 1.3,

was the computer fit of a spectrum judged to be accep-

table, Here N is the number of degrees of freedom,

All of the svectra obtalned in this work were
mirror-imase smectra and the two halves were always

computed separately.
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v, Regults,
25
A, 1‘“mn Ahsarntinm Snectra,

2 \ .
The l“sTe Y8agbaner =2heonrntion svectra were

128
recorded at £N9°K relative toan ~I/Cu source, Th

®

quadrunole svlittines and iscmer shifte are reported in
Tahle VI, The data are comnared with several valaes
nreviously revnorted in the literature., Revresentative
svectra are shown in Fieure 10,

It can be seen that the isomer shifts for the
TeV62° compounds are in «ood arsresemant with Gukasyan
et alﬁgSj but in noor agreement with Gibb, et al.[93J,
Frickson and Maddock[96J have noted that the isomer shift
data reported hv different laboratories for the same
compounds show a2 wide ranee of values, vresumablv as a
result of different source nremarations. Another source
of error may be the incorrect renortine of the standard
for the isomer shift, Thus Gibb et al,'s data shows a
consistent trend to more positive icsomer shifts than
those of other workers, This may he evynlained in part,
if their data are quoted with resvect to 6, m, = O rather

125

than with reavect to an T/0u source,
The icomer chift wvaluez for the Tevu comnounds
are in arreement with those renorted by June and Trift-
[11] [02]
shéuser hut differ from those of Iinland y although
the statistical wcccuracy of the results of the last

woriKers was very poor.
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TABIE VI

Te MYssbauer Absorption Parameters.

TeCl

TeRru

TeIu

(NHu)gT8016

(NHu)éTeBr6

(MHLL) ?_m816 -

ZnTe

12552

-1
mm, sec,

+1,0 ¥ 0.3
+1.2 ¥ 0.1
+2.7 T o,b
+1.1 ¥ 0,2
+1.,1 ¥ 0.1
+1.6 ¥ 0.3
+1.0 ¥ o,2
+1.,8 ¥ 0.9
+1,0 ¥ 0.6
+1,7 ¥ 0.1

+1,70 ¥ 0,05

+1,95 ¥ 0,05

+1,4 T 0,1

+1.,52 ¥ 0,05

+1,73 ¥ 0,04
1 0.1

+1.,24 ¥ 0,.0R

AP

mm,

6.0

. 125
a with resnect to an T/Cu source.

b Conversion into e?qQ(l + q2/3)§ in Mc, sec.-l is obtained
by multiplyine by 57.4,

¥ This werk

(U R R PR Y

i+

-+

50

Reference

11

92

11

10

95
93

95
93

95
93
obL



51

The % resonance absorptions for the spectra were small,

reflecting small recoll-free fractions in these compounds.
This is due to the low rigidity of the tellurium halide lat-
tices (evidenced by their low melting points), along with the
hieh enerey, 35.5 keV,, of the M8ssbauer gamma ray. An
exneriment on 125Te01u at liguid helium temperature pro-
duced a marked increase in the % resonance absorption (to
12%), but lead to a loss in resolution in the spectrum
through line broadening. This was a significant disad-
vantage in measuring the very small A in the Teyu compounds
Therefore all measurements were made at 80°K,

129

B, T Bmissinn Snectra,

A1l spectra were recorded at 4°K and also at
B0°K where the % resonance absorption was large enough to

be distincruished from the hasckeround. These emission

129

spectra were recorded apainst a single-line MNa I absorber

which had been independently calibrated usine a Zn1?9mTe

1291 jsomer shifts and quadrupole counlings

source, Mhe
obtained for the comoonunds investisated in the work are
shown in Tabhle VII., To allow a ready comparison of the data
with the absorntion values for 129I comnounds revcrted in
the literature, all the emisaion data has been corrected

to corresnond to that for an absorption experiment relative
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to a ZnTe source, To achieve this cerrection for the

isomer shifts the following relationship was used:

revorted & = -(experimentally observed 6 + O.bé)mm.sec.-l

(x-1)

129,

where +0.46 mm.sec.-1 is the isomer shift for a Na
absorber relative to a ZnTe source (Table VII),

The quadruvpole couvling measurements were corrected
by changing the sign, The emission svectra shown in Figures
11 - 15 are the experimentally recorded svectra withéut
conversion into absorption parameters,

29m
T

1
1, FEmission Svectra of the (NHME eY6 Comvounds,

Initially the emission spectra for all three
compounds were measured at 80°K as shown in Fifure 1i(b)
for (NHU)ZTeBré. Very small % resonance absorntions were
observed, particularly in the case of (NHU)ZTeIé.
Measurements were then made at 4° X and the spectra are
shown in Fieures 12 and 13, As can be seen,an increase in
the % absorption was observed, Morecover,in the (NH4)2T8C16
TeBrg sources, in addition to the single intense

2
line of larse isomer shift observed at 80°K, additional

and (NHM)

lines of relatively low intensity were observed at L oxg

(Figure 11). For the (NHU)ZTelé source these other lines

appeared to dominate the spectrum (Fieure 13).



53

26°0
96°0
£9°0
€2 T

hi*'T

x|z

*Pa4I8sqO u0T3dIosqQB I0UBUOSII 8309 %Yl Jo ¢ B s®8 passaadxs £3[susjur °q

*Jusmiaedxe uoT3dIosqs us Ul 991005 SLUZ ' 03 BATgBTAI ouv @wmm pue ¢ °w@

91
08
08
08
08

A3 1susjur

"

et s €0 00T - 002T- w7 6°1
0 0 80° 1 95°¢

0 0 60°* 1 80°S

0 0 T0* § 80°S

0 0 80* 1 €£2°9

0 0 ST* 1 60°9

Hl.omm * ol Hi.omw aliiiiie

L 2002 e%z1

08
‘Mo

*duwa,

*B3€Q Tejuswizedxy UOSSTWE JonBqSSQY mxoemﬁdmzv

IIA d1dVL

9 AR
H@EE@NH ( "EN)

Pagay, __°(Mun)

YAl
wﬁomesmmﬁmA:mzv

punoauoy



54

° 129m_ 1.0
S (NHg), Te Brg 1.5cm. sec ™ 47K
(a)
o o
2 SR . ; e
.- ® ) ]
_° S G e o o500 SRITRG
= s QS&? o Q:& L G%% o o
g 0000 % %m %’3@
s @%) )
._.cz_ ulule. ) ? %ﬁ@
o @ ® o
g o
(o]
Do %o
CECL &
o o
(o]
(=]
<
129m -1 0
& (NH,), Te Brg 1.5¢cm. sec” 80K
() | .
o O
o ©  omm ® o o o o O
I L TR N PO
_°1 = %&90 OZEFPT OQ O &00 8 e © @O%@o o“’g)o %
S © ® e e%@oo goo © o 00%@00@0 QO
z o® "o 20 G, &0
Oo (u]
.—I‘\: & % |
o] )
Q. ~ [u]
g ‘o
: %@
Do
T [
o 1
(=)
(o‘ ¥ T 1 1§
©/6.00 12.00 8.00 4.00 0.59 -4.00 -8.00 -12.00  -16.00
VELQACITY (MM/SEC)
Fi 11, 129 ‘
gure . I M8ssbauer Fi:ission Spectra of (NH,_,_)ZTeBr6.



55

C (NH,;), Te Clg 1.5cm. sec 4K
o . l ]
= o M
z ™ x ®
Sg % g&%&
=2 ° )
% o &
S " 3
Do o &
CEC:- o
]
: 129m -1 .0
S (NHz), Te Brg 1.5cm. sec ™ 4°K
[=1 u]
—~ o &é%o &
S §o o go°° gh oo
= “ﬁ'%o%%& ¥ W WO
=2 o oghp
2~ ° ® o
ac [u]
(=1 o0
w oo
sy °®
o] 3
[u]
" ' ' 129m ' '_1 o ' '
a (NH,), Telg 1.5cm. sec” 47K
b ng O oo , o o ®
S K s ot g
~— ) o 0%%
So ? F 4
= 5 o ® Sa
a o o 5 WD O
5 ® & o (;,%% &
gj:g ?OQ? %0 @
= ¥
~16.00 12.00 .00 4.00 0. -4.00 -8.00 l2.00  -16.00
VELUCITY (HM/SEC]
129
Figure 12, I Emission Spectra of the (NHh)2T3X6

(¥ = ¢1, Br, I) Compounds,



56

-0.50

129m -1 .0
(NHg4), Telg 1.5cm. sec ™ 47K

.00
1

1)

0;50

1

REL.RP%QRPTIUN (4]

1.50
]

.00

5. 00 10.00 5. 00 0.00 -5..00 -10.00  -15.00
: VELOCITY (MM/SEC)

Figure 13. Y291 Emlssion Spectrum of (NH,,) Tel.



57

In each of the svectra at U4°K it is possible to
jdentify a sinele line of large isomer shift which is
assigned to the ng ion in each case (Figure 12), The
evidence which supports this conclusion will be presented
in detail in a later section. The 1somer shifts for the
postulated IY% anions are shown in Table VII. The add-
itional lines observed in each spectrum may have their
oriein in

(1) impurities present in the source samvle,

1297,

(i1) decomvosition obroducts formed in the
129Te isomeric transition preceeding the heta decay.
or

(i11) decomposition products resulting from the
instability of the 129ng ions themselves,

The chemical analyses of the compounds gave

no evidence of macroscopic amounts of impurities. More-
over,repeated prevarations of each source compound gave
essentially identical results for ary one compound, The
second possibility listed could have been checked had it

129Te labelled sources where the

been nossible to study
effects of the lsomeric transition would no lonrer be
present, This study was not possible because of the 69
minute half—lifevof this isotope, together with the

time taken to prepare the compounds, mount them in the

dewar and cool the experimental apparatus to 49K,
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A further point which is relevant to the presen-
tation of the experimental results is the measured line-
widths in the emission spectra, which ranged from 1.5
through 1.7 to 2.3 mm.sec. L for the IC16-, IBr6"and II6—
ions respectively., These compare with a natural linewidth
for the transition of 0.59 mm.sec._l. The observed line-
broadening could not have arisen exclusively from the
absorber or source thickness or from mechanical vibrations
due to liquid helium boil-off, since the iinewidth of the

129mTe source of

Na1291 absorber recorded against a Zn
similar mass was found to be 1.25 mm.sec.” ' at 80°K and
1.4 mm.sec._1 at 4°K. The other likely causes of line-
broadening may be listed as:

(i) decomposition of the ion over the lifetime

129IX6—
of the MBssbauer transition which would shorten the effec-
tive half-1ife of the state[p7j.

(ii) a spectrum of isomer shifts and/or quadrupole
splittings arising from a spectrum of lattice sites which

the €9

I impurity atoms may occupy in the crystal,

(iii) crystal distortions at 4°K which may give rise to
small quadrupole splittings; (such distortions have been
reported in the X-ray crystal studies of TeBr62~(Tab1e 11)).

The results of the present experiments do not allow
us to distinguish between these several possibilities. It
may be noted however that line-broadening 1is generally

observed in emission spectra and no firm explanation has

yet been offered to explain this phenomenon.,
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2. Fmission Spectra of the 129mTeVu Comnounds,

1
With the 29m'I.‘eYLL sources (v=C1l, Br,T) no

measureable resonance absorption was observed at R0°K,
Thus all three comvounds were studied at 4°K (Fieure 14),
Even at 4°K only about 1,5% absorption was observed and
this,counled with broad linewidths,resulted in very
voorly resolved snectra,

Following a detailed examination of these svectra

1291 dauchter atom was

it was firmly concluded that the
not present in a lattice environment isoelectronic or
isostructural with that of the parent, i.e, molecular
rearranrement or decomposition appeared to accomnany

the 129Te ———->1291 decay in all events, Again, the de-
tailed arguments suvpporting the conclusion will be
presented later., The TeYu emission svectra were com-
puter fitted and a statistically acceontable fit obtained
assumine the presence of a single gquadrupole svlit
species with a large quadruvole coupling constant and
one additional sinele line (Ficure 14). The computed
varameters for the quadruvole split and the single line
svecies riven in Table VIIT have larse errors reflectine
the verv voor quality of the spectra, In discussine the
fits to the svectra it should he noted that in a quad-

ruvole split svectrum the relative line positions are

given as a function of equ and & by equation I1T1-7
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and that the relative line intensities must be in accord
with the square of the Clebsh-Gordon coefficients(Fig.M) for the
various transitions, Thus if a statistically acceptable
computer fit can be obtained which sives line nositions
in accord with equation 1T71-7 and relative intensities in
reasonable agreement with the theoretical values, then
the fit may be judeed to be a Zood one,

The line widths observed in the sSpectra were
again very broad.

Q
3, The ¥mission Svectrum of 12’TeC1u.

The rearraneement or molecular decomnosition

129m

which apprears to accompany the decay in the Teyu

compounds may have originated in the extensive electronic

129m,, 129
4

excitation accompanying the e —D Te isomeric

transition, In this case it was found possible to check
this possibility by rapidly preparing TeClu labelled with
129Te and measuring the emission spectrum at U4°K before

the 69 min, source had decayed away. A comparison of

129m

' 129
typical svectra for TeClu and TeClu i1s shown in

Figure 15, It can be seen that the two svectra were very

similar in their general features, althourh the sinele

) 9
line commonent in the 12"Te01u courece anneared to be

more promirnant than that in the 120mTeClu source,

1t should be noticed that the % absorption

for the 129Te01 sonrce is much larrer (ca. 4,5%)than
L
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that for the 129mTeC1u source (ca. 1.5%) because in the

former there is no tellurium Y-ray backesrovnd arising from

129

129mTe b

the Te isomeric transition, The larger

% effect and the aprarently narrower linewidths for
the 129Te source lead to a much more clearly resolved
spectrum end the individual components in the spectrum
are more obvious in this case., The increased relative
intensity of the single-line comnonent in the spectrum
in essence provides supporting evidence that such a
component does exist, it being much less obvious in the
129m

case of TeClu.

4, The Absorption Spectrum of Telngu.

The M8ssbauer absorption experiment with a
anznge source versus a 1291 labelled TeI, absorber, was
verformed in order to observe the Te-I bond from the point
of view of the ligand, Two quadrupole split species were
observed, one with a very large quadruvole splitting and
small isomer shift and the other with a small quadrupole
coupling and large isomer shift. (Unfortunately the para-

meters obtained (Table VIII B) could not be related to the

emission M8ssbauer data,)
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XI Discussion of the 125Te M8ssbauer Absorption Spectra.

A. Significance of TeY62- Isomer Shifts.

For the compounds (NHu)2T3Y5' Y =Cl, Bror I, it
1s apparent that the M8ssbauer isomer shifts increase in the
series 6(TeI62—) < 6(TeBr62-) < 6(TeC162-) (Table VI), As
vointed out in the introduction Rex-Rend 1s positive for the

125Te M8ssbauer transition indicating that the increase in

isomer shift in the Teyéz- series corresvonds to an increase
in s~-electron density on tellurium, If there are two elec-
trons localised in the 5s orbital, the tellurium nucleus be-
comes deshielded as p-electrons are removed in bonding to the
ligand halogens, The increasing electronegativity of the
halogens, where I < Br < Cl, results in greater removal of p=-
electrons from the tellurium which in turn causes an increase
in the s-electron density on tellurium,

| Previously reported N.Q.R. data along with the
Mbssbauer information reported here, allows the above theory
to be revresented more quantitatively, It can be shown that
a linear relationship exists between %he number of holes ho
in the 5p shell on the tellurium atom as calculated from N.Q.R.,
and the 125pe M8ssbauer isomer shifts for the TeX62- anlons,
Nakamura et al.EulJ have measured the halogen N.Q.R. spectra
of these octahedral lons and utilizing the theory of Townes

and Dailey[271 calculated the net charge, p s+ on the tellur-

ium atom., For octahedral ions
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p=U -6 (1-1) (¥I-1)

where 1 is the lonicity of the bond, In determining (1 - 1)
1t was assumed that the ligand halogen employs 15% s~
character in bonding to the tellurium,., This simplifying

(98]

absence of any other approach to this problem we have assumed

assunption may not be completely valid s however in the
Nakamura's estimates of the net charge on the tellurium to be
accurate values, If one assumes that only tellurium 5p elec-
trons are involved in bonding, the values for hp on tellur-
jum can be directly obtained from the N.Q.R. p values

(Table IX). The isomer shift for CaTe recorded by ﬁung and
Triftshiuser is also included in Table IX and it 1s assumed
that in CaTe, the tellurium 1s present as the Te® ion,

i.e, hp = o,

Table IX ‘
The Tellurium 5p Shell Electron Populations and the 125T

M8ssbauer Isomer Shifts of the Te¥62' Ions (¥ = Cl, Br, I)

Compound P hp 6 mm, sec.'la
(NH, ) ;TeClg +2,08 4,08 1,70 ¥ 0.10
(NHy) ,TeBrg +1,48 3.48 1,40 ¥ 0.1,
(NH),) ,Tel, +0,88 2,88 1,09 ¥ 0.13
Te?" -2,00 0,00 -0.14 ¥ 0,07°

a with respect to a Cu/125

source,
b Jung and Triftsh&user[llﬁ,
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A plot of this data gives the linear solution:

8(mm. sec.”Y) = (0.45 ¥ 0,01)hp - (0.15 ¥ 0.03)
(I/Cu sources) (x1-2)

The above expression is considerably different from
that predicted by Ruby and Shenoy[39] who calculated |4§(o)|2
values for various electronic configurations of tellurium
and then related them to the M8ssbauer isomer shifts for a
number of tellurium compounds., These workers concluded
that & should shift by 0.3 mm. sec.—1 for each 5p hole.
However, their work may be criticised since the electrcnic
configurations that they assigned to various tellurium
compounds would appear to be unreasonable. For example,
they proposed that in TeI62—, the tellurium has the
configuration 552 SpO, which is a totally unreasonable

assumption.

B. Significance of the TeX; Isomer Shifts and Quadrupole

Couplings.

1. Isomer Shift

The tellurium tetrahalides Texu, where X = C1,
Br and I, all have identical isomer shifts. This suggests
a similar removal of 5p electrons from the tellurium in

TeClu, TeBru and TeIu. The change in electronegativity
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of halogen appears to be offset by a rearrangement in the
geometry about the central tellurium atom. Thus whereas

in TeCl), there are three short covalent Te - C1 bonds

and three long Te --- Cl bridging bondsﬁkﬂ, in TeIu

the environment about the tellurium may in fact be

much closer to octahedral with six long Te - I bonds,

Then an increased effective co-ordination around tellurium
with a corresponding increase in the removal of p-electrons

would counteract the decrease in ligand electronegativity.

2. Quadrupole Coupling e2qQ

The small equ values observed for the TeX)
compounds are consistent with a pseudo-octahedral environ-
ment around the tellurium. The gquadrupole coupling
decreases with TeClu> TeBr4> TeI4 as the electronegativity
of the.ligand decreases, this being consistent with the

above discussion,
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¥IT Discussion of the 1291 M8ssbauer Spectra.

A, Identification of the IX6' Anions,

There are three pieces of evidence that identify
the IX6' ions in the M8ssbauer emission spectra of the
129mTeX%. compounds :

1, For isostructural and isoelectronic speéies,a con=-

125Te)/6(129I) is observed, A

stant isomer shift ratio 6(
plot of the 125Te isomer shifts for isoelectronic and iso-
structural molecules including the compounds studied here

gilves a straight line of slope:

5 (12576)

———— = 0,29 ¥ 0,01 (XII-1)
5(1291)

(Figure 16), The linearity of this plot is supporting evi-
dence for the formation of the IY6° anions in radioactive
decay.

Similar isomer shift plots have been reportéd by
Jung and Triftsh&usertll] for 125Te - 127I,by Ruby and
ShenoyL39] for 125Te - 129I, 1218b - 125Te and 127I - 129¥e
and by Jones and WarrentBu] for the same 125Te - 1291 rlot,
The graphs made by Jung and Triftsh#user and by Ruby and Shenoy
were not made for isoelectronic and isostructural compounds
in all cases, so as a result the linear relationships they

obtained may in part have been fortultous, The isomer shift
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ratio reported here is in agreement with the value of 0,29

reported by Jones and Warren[jb].

2. The isomer shift of the proposed 1016' ion is con-
sistent with that to be expected on the basis of the MYss-
bauer spectra of 1271012' and 127IC1h- recorded by Perlow
and Perlow[h].

The M8ssbauer isomer shift recorded here for

129IY6' can be related to the number of holes hp in the 1291

5p shell via the equation[26]
6 (mm, sec.'l) = 1,5hp - 0.54 (ZnTe Sources) (¥11-2)

. See Table X for these data. From hp the net charge on the

1291 atom and the charge on the ligand can be calculated.,

In the case of 129PTec1 ?” >1291¢14", the net
charge on the iodine is +3,5 which corresponds to the trans-
fer of 0,75 electrons from the I~ configuration to the chlor-
ine 1ligand for each of the six I - C1 bonds and compares well
with the values of 0.80 e~ and 0,75 e~ calculated recently

by Ruby and Shenoy[39]. The above analysis therefore shows
that the bonding in the postulated 1016' ion is consistent
with the previously proposed nature of the bonding in the
known stable ilodine chlorine compounds, It also demonstrates

that the linear relationship between hp and 1291 isomer shifts

holds out to a value of hp = 4,5,
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3., In the emission spectra of the anions a

129Iy6-
single line was observed indicatines a zero eZqQ value

(Table VII), The most probable iodine species having a

zero equ value and such a large isomer shift is the daugh-
ter I¥6- anion which is isostructural and isoelectronic with
the parent TeY62- ion, The only possible alternative might
be a tetrahedral I¥) specles but it is quite unrealistic to
propose rearrangement to a tetrahedral geometry in this
crystal environment. Moreover the isomer shift for such

a molecule would probably be smaller than that observed.

B, Significance of Observing IX¥~ anlons,

The IX6' anions where X = Cl, Br, I have not been
previously prepared and the present work demonstrates that
the MYssbauer effect may be used to stgdy these ions formed

B
in the radioactive decay 129mTeX62'—————>129

I¥g~ (¥ = CI,

Br, I). It must be emphasized that in the M8ssbauer inves-
tigations, the daughter ions are on ly observed over

the lifetime of the M8ssbauer level (16,8 n sec.). These
jons may be chemically unstable over longer times, The
broadened linewidths of 2= 1,5 to 2.3 mm, sec:."1 in the
emission spectra when compared with the linewidths of 1,0 to
1.4 mm, sec:."1 observed in 1291 absorption experiments indi-
cate evidence of a change in the chemical environment of the
1291 atoms over the lifetime of the MUssbauer transition[97].

The spectra at 4°K also indicate the presence of some 1291
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atoms in a chemical environment other than that of the IX,~
ion, i.,e, more than one line was observed, this being most
pronounced in the case of the (NHu)zTeI6 compound ', The
chemical stability was observed to decrease with IClg~ >
IBrg” > IT™ . This may relfect the stability of the TeX >-
anions in the lattice environment.

The additional species observed in the (NHh)zTeY6
lattices (Figure 12) may have originated from the decompo-

129

m - .
sition of TeX62 in the isomeric transition 129mTe —0129

Te

rather than as a result of the chemical instability of the

IX6' ions. The isomeric transition is highly internally con~

verted which may lead to Auger charging =nd hence to an:

extensive molecular decomposition. For example, decomposition
129m B 129

occurs in Hg Te06‘——> Hg I0g, whereas in the case of

B‘
H6129Te06———D»H6129106, no decomposition was observed, A

M8ssbauer emission experiemnt with an (NH4)2129

TeX6 source

compound would have clarified this point. However, the

short half-life of >2%Te (69 min.), and the time involved

in the chemical preparation and in cooling the sample and

the dewar to W49K precluded these measurements, A probable

decomposition product is the square planar IXu- ion. Evidence

supporting this proposal is discussed later (section ¥YII-F),
In conclusion, there is evidence that the octahe~

dral ICl6-. IBré' and 116- jons produced by radioactive de-

cay exist over the lifetime of the M8ssbauer transition, It
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is interesting to note that 17' ions previously prepared were
not octahedral but consisted of a three-dimensional array of
13- jons and I2 molecules[69J.

C. Electron Recall Followinz 8-~Decay,

Perlow and PerlowEéJ have studied the effects of

the 1291 E:—>129Xe radioactive decay 1 d taini
( ¥ in compounds contalning

ghe 1291¢1,~ ana '271C1,” tons. It was observed that the
Xe012 and XeClh compounds formed were stable over the life-
time of the MYssbauer transition. They calculated the
charge on the 1odine atom and on the daughter Xenon follow-
ing the decay and observed that the increased electronega-
tivity of the daughter xenon atom resulted in an increased
electron withdrawal from the chlorine ligand. The net charge
on the iodine before decay was +0,39 and following the decay,
xenon had a net charge of +1,00 rather than +1.39, 1i,e.
0.39 electrons had been recalled from the ligands by xenon,

A similar analysis can be carried out for the
results of the present work, As discussed in a preceding
section, the halosen N.Q.R. data of Nekamura et al, for the
TeY62- ions allows the calculationvof the charge on the cen-
tral tellurium. The charze on the daughter iodine following
the radioactive decay can be calculated from the Md8ssbauer
jsomer shift data using equation ¥II-2, The charges on the

tellurium and iodine calculated from M8ssbauer data are

compared to those calculated from N.Q.R., data in Table Y,
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It is apparent that there is a discrepancy since the charge
on the daughter ilodine is more than +1 greater than the
charege on the tellurium and this would not be expected as a
result of the increased electronegativity of the atom follow-
ing the decay,

A possible reason may be Nakamura's assumption of

154 s-character in the ligand halogens bonding orbital, From

the equation

2
e®aqpy = (1 - 1)1 - s) efaq,, (¥I1-3)
1t can be seen that this assumption effectively reduces the
charce on the central tellurium and thus its number of p-
holes hp, If this assumption is omitted from the calculation,
& hirher charge is obtained for the tellurium (Table Y),

Even then there i1s no measureable recall in the TeC162'_—>

IC16' transition while in the case of TeBréz- and Te162'
there is recall of 0,23 and 0,36 electrons in each case,
The electronegativity differences shown in Table ¥ also

reflect the chance in the charse of the central atom,

p. 1257¢ Tsomer Shift Relationships,

A graph of the 125Te M8ssbauer isomer shifts

for the tellurium hexahalides versus the hp values ob-

tained from N.Q.R. (Tables X) gives the linear solutlons
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(a) assuming 15% s-character
6(mm, sec, ) = (0.45 ¥ 0.01)np - (0.15 ¥ 0.03)
(I/Cu sources) (XII-L)

and (b) assuming no s-character

6(mm, sec.” ) = (0.41 ¥ 0,03)hp - (0.16 ¥ 0,10)
(I/Cu sources) (XII-5)

(Figure 17). One can use the above equations to calculate
hp values on tellurium from l25Te 1somer shifts for other
compounds assuming pure p bonding. Calculations on the

tellurium tetrahalides studied in this work are discussed

in a following section,

It is also interesting to note that one can con-

vert Bukshpan's expressionEzé] for 1291

1.50 hp - 0,54 (2ZnTe sources)

6 (mm, sec.—l)

by multiplying by the isomer shift ratio

125
6("""Te) = 0.29 ¥ 0,01
5 (12971) '
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Figure 17, Comparison of 6 (125Te) Versus hp From

N.Q.R. Data Assuming (a) 15% and (b) No

s-Character in the Halogen Bonding Orbitals,
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which then sives for 125'I‘e isomer shifts

-1
6 (mm, sec. )

O.,44 hp - 0,16 (ZnTe sources)

or 6(mm, sec, ) 0,44 hp - 0.23 (I/Cu sources) (XII-6)

I

This expression agrees within experimental error wlth the
relationships obtained in this work} directly from the
1257¢ M8ssbauer data (equations XII-4 and XII-5). This
lends some support to the interpretation of the tellurium
hexahalide data which lead to equations (XII-4) and (XII-5),

To determine unequivocally whether or not the
ligand halogen in TeX62_ employs any s-character in bonding
it will be necessary to measure this parameter in a more

direct way. For example the 129

of <NH4)2T612916 would provide some evidence for or

I M&ssbauer absorption spectrum

against s-participation.

E, DPossibility of d-Orbital Participation in Bonding.

It is of interest to compare the above analysis
with the theoretical discussions in the literature which
incorporate d-orbitals in the bonding schemne,

Semi-empirical L.C,A.0.~M.0. calculations have
recently been carried out on the TeCléz- ion[“b2J and com-
putational verification of the "inert pailr effect"” of the

tellurium 532 electrons was achleved., Self consistent
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. charges and orbital occupations in TeCléz- were calculated,

35

and from these the Cl nuclear gquadrupole coupling constant
for the molecular ion was calculated to be -26,90 MHz,,
which compares well with the experimental one of 29,99 MHz,

These workers also calculated a charge of +1,03 on
the central tellurium atom, This is lower than the value of
+2,08 calculated by Nakamura et al, using the Townes and
Dailey theory because of the incorporation of d-orbltals in
the bonding scheme,

Also the s-character of the chlorine sigma bond in
Te0162" was calculated to be 0,1, as compared to 0,15 assumed
in the calculations done by Nakamura et al,.
Other workersLuB’ 9] have also suggested involvement
of d-orbitals in the bonding of the ions ICl,” and ICl1, .
They suggested that the iodine d-orblitals are probably'stron@-
ly polarized toward the chlorine atoms, However the prin-
cipal sources of bonding were assumed to be molecular orbitals
consisting of i1odine p-orbitals, These calculations also
revealed that when the number of ligands is high, thus in-
creasing the formal positive charge on the central atom,
exclited molecular orbitals must be involved in bonding (i.e.
d-orbital participation). This may be the case with the
Texéz' and IX62- jons studied here, which have a higher
number of ligands than 1012‘ and IClu-.

However, the calculated charge of +1,3 on tellurium

in TeCléz‘ 18 too small to be consistent with the charge cal-

culated from the M8ssbauer experiments on the central 1odine



81

after B-decay, Therefore, no definite conclusion can be
made on d-orbital participation in the bonding scheme of
(27, 36]

[ ]

fiodine or tellurium in these compounds

Another possible bonding scheme involves the
"inert" tellurium S5s electron pair in bondine, It has been
shown from electronic spectra[99J that the 5s electrons
exist in the a, o* level in the TeCléz' and TeBr62' and that
a small amount of participation of the algc* electrons
in bonding occurs. However as discussed above a con-
sistent interpretation of the M8ssbauer and N.Q.R. data can
be made without the use of s- or d-orbitals in the bonding
scheme,

F. The Decay Products of 129mTe74.

The daughter molecules resulting from the B-decay
of the 129mTe¥b were not isostructural and isoelectronic
with the parent molecules, This conclusion was reached by
comparing the experimentally observed 1291 isomer shifts and

quadrupole couplings with the values calculated for the isoelec-

tronic species from 125Te absorption usi%gf;he relati%pships
129 2 2 1
6(12%1e/6("71) = 0.29 ¥ 0,01 ana &30 °Te) (4 Nk o
e“qQ(T%71)

0,45 (Table XI), The sign of e2qQ cannot be determined from
l25Te absorption experiments, therefore two possible sets of
line positions may occur as shown in Table XII and Figure 15
for TeClb.

It is immediately apvarent that the observed and

predicted line positions do not coincide, Thus with
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Table XII

A Combarison of the Predicted Line

Positions for 129IClu+ M8ssbauer EFmission with

the Experimentally Observed Positions

LINE Predicted*(mm. sec.-l) Experimental (mm, sec., )
e2qQ(-) e2qQ(+) e2qQ(+)
1 10.3 -18,0
2 5.4 -13.1
3 -1.9 - 5.8 - 9.4
L o1 - 7.9 -15,6
5 -2.3 - 5.4 ' - 8.5
6 -7.2 - 0.5 b
7 -6,2 ’ - 1.6 2.5
8 -8.6 9 9.6

For method of prediction see page 81.
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129mTeC14 and 129Te014, the 1291 formed in the radioactive
decay was not found in an environment isoelectronic and
isostructural with that of the tellurium in the parent,
Therefore, rearrangement must have accompanied the decay in a
large fraction of events, A similar observation was

made for the 129mT<~3Br,_l’ and 129m‘I‘eI,+ sources,

The question arises as to the identity of the
iodine species formed in the Texu lattices, The computed
parameters for the lzngeCIb, 129mTeBr,+ and 129m TeIu
sources are shown in Table VIII, The very large errors
reflect the poor quality of the spectra. The M&ssbauer
parameters 1 , equ and 6 have allowed calculations of
orbital populations Ui and the charge on the lodine species
using equations V-3 and V-9 discussed in the introduction
(Table ¥1II), The orbital populations Ux, Uy, and Uz
indicate a square planar configuration for the iodine
tetrahalide B-decay products, For a square planar ion
with two non-bonding electrons in the out of plane orbital,
Uz = 2, Ux = Uy and 2Up = -hp, The orbital populations
calculated for the tetrahalides (Table YIII) appear to
agree well with these relations. A comparison of the
1271 M8ssbauer absorption parameters for the square planar
IClu‘Eu] ion with the emission parameters recorded here for
the decay of lzngeCIQ (converted to 1271 parameters via

equations VI~1l and VI-2) is also shown in Table ¥XIII,
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Table ¥III
A, Table of Orbital Pooulations Ui and hp
Values for the 129mTe M8ssbauer Emission
Data in the Decay 129mTeY4 _E:_>129IY4+.
hp Up Ux Uy Uz Charge on
+ Central 1
129mpecy, 2.7 = 0,5 -1,3 ¥ 0.1 0.6 0.7 2.0 +1,7
129mrenr), 2.4 ¥ 0,3 -1.2 20,1 0.750.9 2,0 +1,4
129mper, 2.3 20,3 -0.9 70,1 1.0 1.0 1.8 +1.3
B, Comparison of 129mTeClL,, Emission and
127101u‘ Absorption M8ssbauer Spectra.
equ(127Il 6 (1271) ref.
- -1
Mc, sec., mm, Ssec,
129%recy,, +3000 ¥ 300 --1.3 ¥ 0.1 *
1271c1,,- +3094 I 20 -1.39 + 0,05 L

¥ This work,
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It can be seen that the isomer shifts and quadrupole
couplings for the two cases are almost identical.
Consequently the decay fragments observed may be
tentatively identified as square planar IXM_ ions.

This 1s not surprising since the IClu" ion 1is very stable
chemical;y. The identification of the single lines
observed in the spectra is far from clear, but its

isomer shift is similar to that expected for an IXG' ion.
The possibility of it being the I ion is ruled out
because the isomer shift is much to large. In Figure 15,
one can see that the intensity of the single line
increased when a 129Te014 source was used, thus bypassing
the 129Mpe _ 1291 ioomeric transition. If the single -
line was caused by the presence of octahedral IX6— ions
in the crystal, this implies that the formation of the
IX6— ion 1is preferred when there is less disruption in
the crystal due to nuclear decay. In contrast, the
formation of the IXA_ ion appears to be préferred when
there is more electronic excitation in the crystal, as
was the case when a lgnge014 source was used. This

is consistent with the pseudo-octahedral environment
around the tellurium atom in the source compound TeXu(Fig. 8).

This environment should he retained when there is less

electronic excitation in the crystal.
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One can conclude that the isomeric transition 129mTe——é29Te
was not the sole factor resulting in the rearrangement of the
tetrahalide molecules. The cause of the rearrangement has

not been established and would be a good point for further

study.
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XITI Conclusion.
129

The I M8ssbauer emission spectra of the
(NHA)2T6X6 compounds have provided firm evidence
for the formation of the octahedral IX6_ ions in the

crystal as a result of the radicactive decay 129mTe -

1291. The 1291 isomer shifts for these ions are in
good agreement with those values predicted from the
125Te isomer shifts of the parent compounds using
the isomer shift ratio 6(125Te)/6(1291) = 0.29
(fable XI). This ratio was arrived at from
M8ssbauer measurements on isoelectronic and iso-
structural tellurium and iodine compounds (Figure 16).
As in all M8ssbauer emission experiments,
the presence of the daughter ions is only observed over
the lifetime of the M8ssbauer transition (t1/2:16.8 nsec. ),
and these ions may be unstable over a longer period of
time. Nevertheless, the present observations are
unique since a chemical synthesis of these ions has not
yvet been reported. The spectra at 4°K (Figure 12)
129

also indicate the presence of I atoms in a
chemical environment other than that of the octahedral

IX6_ ions, i.e. a product giving rise to a very

I 4
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large equ value was observed, this being most
pronounced}in the case of (NH4)2T616' These products
may have arisen from molecular fragmentation which
can accompany the electronic excitation due to

12nge - 129Te isomeric

Auger charging in the
transition, or from chemical decomposition of the
daughter IX6— anion following the beta decay. i
It was not possible to distinguish between these
two possibilities. A probable decomposition product
is the square planar IXM_ ion.

The daughter molecules resulting from the

beta decay of the 129m

TeX4 compounds were not iso-
bstructural and isoelectronic with the parent mole-
cules. This was concluded on comparing the experimen-
tally'observed 1291 isomer shifts and gquadrupole
couplings with the values predicted from the 125Te
absorption data (Table XI)., Two decay fragments were
observed, one exhibiting a large quadrupole coupling
and the second a single line. These fragments are
tentatively identified as a square planar IXA—ion

and an octahedral IX6— ion, The firmest evidence

for the proposed formation of the IXM— ion was found

in the case of TeClA, where the 127I MBssbauer
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absorption parameters previously recorded for the
square planar 1271014_ ion were found to be consistent
with the 1291 emission parameters recorded in this work
(Table XIII). The iodine 5p orbital populations
arrived at from the isomer shifts and quadrupole
splittings of the emission spectra also indicate

a square planar configuration for the iodine tetra-
halide beta decay products. The identification of

the single line observed in the spectra is far from
clear, but its isomer shift is similar to that

expected for IX6 .

129 129

For TeClu both the mTe and Te sources

were studied and shown to yield essentially the same
spectrum (Figure 15). Thus the extensive molecular
rearrangement observed following the radiocactive decay
does not appear to arise from the Auger charging in

129

the 129mTe - Te isomeric transition but appears to

reflect the inherent relative chemical stabilities of

the possible fragments which can be formed., The
+
5

chemically stable than the square planar IXM_ ion, and

daughter IX fragment would appear to be far less
molecular rearrangement must occur in a time shorter
than the lifetime of the Mbssbauer transition.

Aside from the observation of some unusual
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129I-—1abelled polyhalide ions, the above studies

have also shown that the chemical stabilities of the
parent lattices and the daughter fragments appear
to play a dominant role in leading to the observed

products., In contrast, electronic excitation in the

129m,,, _ 129 129

Te isomeric transition or in the Te -

1291 beta decay do not appear to greatly influence

the nature of the products observed.

Why rearrangement was observed in the case

of the 129mTeX4 sources and not in the case of the
129m 2-

ions there are six long bonds, whereas in the TeX4

TeX6 sources is not clear. In the TeX6

compounds there is present the TeXB+ group (Figure 8),
with three short covalent bonds. In the beta decay

the oxidation state of the atom 1s increased by one,
which results in a corresponding decrease in the atomic
size. Thus steric factors may be the cause of the
instability of the IX3+ group.

125pe Mbssbauer absorption data for the

The
(NH4)2T6X6 compounds have also provided information
which may be useful in the gemeral interpretation of
1250¢ isomer shifts. Using the 1250 Mbssbauer isomer
shifts for the TeX62_ ions and the holes, hp, in the

5p shell of the tellurium atom as calculated from
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N.Q.R. data, the quantitative relationship for the
isomer shift

&(mm.sec.™ 1) = (0.45 ¥ 0.01)hp - (0.15 ¥ 0.03)
(I/Cu sources)

was found to exist. As discussed in section XII-C,
there is a discrepancy between the net charge on the
iodine in the hexahalides calculated from the MBssbauer
emission data as compared to that on tellurium obtained
from N.Q.R. data. The reason for this discrepancy may
be Nakamura's assumption of 15 per cent s-character in
the ligand halogen's bonding orbital. If this assumption
is omitted from the calculation a closer correlation

is obtained ¥etween the charges. This implies that

the s-character obtained from the Townes and Dailey
theory for diatomic molecules in the gaseous state,'
and which was used by Nakamura in his analysis, can

not be extended directly to solid state systems.

129

However, one can conclude that the I

125'l’e"— 1291 isomer shift ratio

M8ssbauer data, the
obtained from MBssbauer emission and absorption data
and the tellurium charges obtained from the N.Q.R.
data using the Townes and Dailey approach are all
reasonably consistent and support the pure p-bonding

model proposed for the tellurium and iodine compounds

studied in this work.
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