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2 R. A. WALTON

A. INTRODUCTION

Thallium is a classic example of a heavy post-transition group element for
which two oxidation states are commonly encountered. The thallic ion (T13*) has
an electronic configuration terminating 54*°, while for the thallous ion (T1%) it is
5d°6s2. The stability of compounds containing the latter oxidation state (i.e. two
units below the group oxidation state) was for many years attributed to the so-
called “inert-pair” effect, associated with the presumed inertness of the s? electron
pair. Indeed the standard electrode potentials for the reactions

Ti(s) = TI¥*(aq.)+3e(—0.72V)
and
TR+ +2e = TI*(+1.25V)

point to the great stability of TI' over TI'"'. However, the marked similarity of the
second and third ionization potentials of gallium, indium and thallium give no
clue as to the reasons for this trend, since for gallium and indium the higher oxida-
tion state is generally the more stable.

In 1958, Drago pointed out' that a decrease in the mean thermochemical
bond energies of the Group III trichlorides in the order Ga > In > Tl, could
explain the decrease in the stability of this oxidation state as the group is descended.
A similar decrease in covalent bond strength is likely for other derivatives of these
elements. Thus in spite of the rather forbidding electrode potential data, thal-
lium(ZII) has an extensive chemistry in both aqueous and non-aqueous media, and
in this review we shall consider the stability, reactivity and structure of coordina-
tion complexes derived from the thallium(III) halides. These aspects are represent-
ative of the interest generally associated with the Lewis acid behavior of the post-
transition elements.

It is appropriate for us first to briefly consider some general aspects of
thallium chemistry, associated with the stability of its various oxidation states.
One of the most commonly encountered classes of thallium compounds is that
containing the thallous ion (r = 1.44 A) as in the complex salts TI,MoCl4? and
T1,TiCig>, which have the K,PtCl¢ structure. The thallous ion chemically resem-
bles the silver(I) and alkali metal ions. This is rather nicely illustrated by the photo-
sensitivity of the thallous halides. Relatively few coordination complexes of thal-
lium(I) are known, although the complex halides TiX,(*~ )~ are among the more
important.

The 2+ oxidation state is rare, although it has been postulated as an inter-
mediate in redox reactions involving thallium(II). A TI! species has also been
detected at a dropping mercury electrode when 0.1M potassium nitrate solutions
of the complex Tlbipy (NO;), were reduced?® at low thallium concentrations and
pH greater than 5. Very recently Eachus et al.® have presented ESR evidence that
TI?* is formed by y-radiation of rigid solutions containing TI**. Although phases
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can be prepared which analyse for the dihalides, these materials are diamagnetic
and almost certainly have the ionic structure TI'[TI'"X,] (see section C, i). Indeed,
simple lattice energy calculations on “TICI,”, show that the authentic dichloride
would be unstabie with respect to disproportionation”.

In its highest common oxidation state, thallium forms a variety of com-

mnannde athar tha hhin halida ) TP ~rha nf +ha
pounaGs ounlr uianm auuyu, oifiary naiiacs elc. ., WIICil arc uu‘uauu.uauu Ox wuic

similarities it shows with the other Group III elements, aluminum, gallium and
indium. Thus the hydrides TICI(AIH,),®, LiTIH,® and TIH;'° are known, and
there is an extensive chemistry of organothallium(IIT) species, especially for alkyl
derivatives of the types RTIX,, R,TIX and R;Ti*. The latter compounds will not
be considered further since two articles have recently been published!'!2, which
survey in detail the chemistry of organothallium compounds, including the organo-
thallium halides.

Although in this review we will be principally concerned with coordination
complexes of the thallium(IIl) halides in which the TIX; moiety remains intact,
it should be remembered that the thallium(IH) halides are often convenient starting

Llldu:lld..lb lUl I.l.lc plcpdlauuu Ul Ul.uCl UCIIlelVC& Ul llld.ululll Luutcumug no ll—A

bonds. Thus the complex with quinaldic acid (C,,H¢O,)5sT113, the tris(diethyl-
diselenocarbamate) [(C,H ), NCSe,1;TI'#, and [(C0O),Co];TI'*, containing three
Co-TI bonds, are examples of compounds which can be prepared dlrectly from
thallium(III) chloride.

Thallium(III) derivatives are also important oxidizing agents for a variety
of transition metal ions, and kinetic studies have been carried out on many such
systems, including Fe"'-T1'""" (Refs. 5, 16), Os"-T1"" (Ref. 17), Ru"-T1"" (Ref. 18)
and VUILTI"! (Ref. 19). Other thallium(IIl) compounds, particularly the acetate,
are useful reagents in organic chemistry. Thus oxythallation (like oxymercuration)
is an important route for the oxidation of olefins such as cyclohexene?® and
norbornadiene?*.

As will be apparent in the following sections, few crystallographic studies

havae ha, carried ant an conrdinati comnounds of thalliuiym/IIN nd ac far ag
[ave oéen Carri€d out on Coorainauscn COHMpUaiiGs Ot wuiar 11umiiizy, anag as iar as

derivatives of the trihalides are concerned, these have been restricted to the com-
plex halides. The situation is better for alkyl derivatives of thallium(III), where the
structural studies on diethyl(salicylaldehydato) thallium(III)?*? and dimethyl-1,10-
phenanthroline thallium(III) perchlorate®* are particularly interesting.

Two articles have recently appeared in this journal which are very relevant
to the present review. Firstly, Marcus?4 has reviewed the metal halide complexes
(including those of thallium) formed in ion-exchange and solvent-extraction pro-
cesses, so that these aspects will not be considered here. Also, Carty?s has made
a comparative survey of the vibrational spectra of coordination complexes of
* The first cyciopentadienyl derivative of thallium(IfI) has recently been prepared. Cyclopenta-
dienyldimethylthallium results from the direct reaction of trimethylthallium with cyclopentadiene
at room temperature (see A. G. LEe AND G. M. SHELDRICK, Chem. Commun., (1969) 441).

Coord. Chem. Rev., 6 (1971) 1-25
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gallium, indium and thallium which is particularly relevant to some of the com-
plexes considered in the present review.

B. THE THALLIUM(III) HALIDES

Of the Group I trihalides, only thallium(III) iodide is unknown. The phase
which analyses as the triiodide?5-29, is in reality thallous triiodide T1*I3~ in the
solid state®®; it is isomorphous with the analogous ammonium and caesium salts.
Sharpe?® has rationalized the failure of iodine to oxidize thallous iodide (in a
solvent such as methanol)?® on the basis of the disparity of the thallous-thallic
and iodide-iodine standard potentials (—1.23V and —0.53V, respectively). Many
years ago Berry er al.?® studied the electronic absorption spectrum of the TII,
phase in methanol and concluded that the I~ ion is not present in solution; this
is.of interest in view of the solid state structure. A phase of composition TI;I,
has often been isolated27-29, but is of unknown structure.

During their studies of the iodination of thallous iodide in dioxan solution,
Kul'ba and Mironov?? isolated a crystalline material THI; - C4HgO, which readily
lost iodine in air; the related potassium salt KI5 - C,H;0, was also isolated. These
materials presumably contain weakly held “lattice’ dioxan and TII; - C.;HgO, is
most likely not a coordination complex of thallium(IIl) iodide (see section D).

Thallium(III) fluoride is prepared by the fluorination of the oxide T1,0,;3*+32;
it is immediately decomposed by cold water. Its crystal structure has recently been
deduced from powder measurements®3 and it is isomorphous with g-BiF ;.

Several methods are available for the preparation of aniydrous thallium(I1I)
chloride. Either the hydrate TICl; - 4H,0%* may be dehydrated using thionyl
chloride or carbonyl chloride®5, or the nitrosyl chloride complex TICl; - NOCI3¢
can be thermally decomposed under mild conditions to give the trichloride®”.
Alternatively, thallium(IIT) chloride and bromide can be prepared in situ by the
halogen oxidation of thallous halide suspended in acetonitrile38-3°. The resulting
trihalides dissolve in acetonitrile, presumably with complex formation*°. Thal-
lium(III) chioride, like indium(IIl) and yttrium(II) chlorides, is iso-structural!
with aluminum(IIT) chloride and therefore has an ionic layer lattice. No definite
structural data appears to be available for the tribromide, although NQR data*?
may be consistent with a related structure. It is interesting to note that whereas
gallium(III) chloride, bromide and iodide*3—** and indium(III) iodide**—*° have
the dimeric Al,Br¢ type structure, indium(II) bromide*? might also have a poly-
meric layer lattice like that of the trichloride.

A series of mixed halide-thiocyanate and —azide derivatives of thallium(I1II)
have been reported*8. These are of the type TIX,Y, and are prepared by the
halogenation of thallous thiocyanate and azide; they include TIBr,(SCN) - 3H,0,

TH,(SCN), and TIX,;(N;) (X = Cl, Broor I).
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Although the oxyhalides TIOCI and TIOBr are known*? they are the least
well characterized of the Group III oxyhalides>°. Prolonged treatment of thallous
chloride with chlorine oxide leads to the formation of some TIOCI and the ozone
oxidation of thallous bromide gives TIOBr>°,

C. COMPLEX HALIDES OF THALLIUM(III)

Many of the studies on complex halides of thallium(II) have concerned the
stability of species of the type TIX "3, where X = CI, BrorI,and n =1, 2,
3 or 4, in aqueous media®!—33, It is found that the stability of the TIX, ™ anions
lies in the order I~ > Br~ > CI~ > F~ (Ref. 52), and in this respect thallium(III)
behaves as a class (b) acceptor®?. The behavior of such species in aqueous media
will not be considered further except to note that Spiro®® has carried out a detailed
study of the Raman spectra of thallium(III) chloride complexes in aqueous solu-
tion, and has confirmed the existence of TICI**, TICl,*, TICl; and TICl,™ in
this medium.

(i) Tetrahalothallate(IIl) anions

These are the most commonly encountered complex anions of thallium(IIT),
and are readily formed in aqueous and non-aqueous media from the reaction of
the appropriate trihalide or other derivative (e.g. the perchlorate TI(ClO,);) with
the requisite amount of halide ion. Although thallium(II) iodide does not exist,
treatment of other thallium(IIT) species with a four-fold or greater excess of iodide
results in the formation of TII, ™.

Although tetrafluorothallates(IIL), such as NaTlF, and LiTIF, are known®*
they do not contain the mononuclear TIF,~ anions but rather have the CaF,
type structure.

The most useful general method for the preparation of salts of the TIC1,~
and TIBr, ™ ions stabilized by organic cations, is that used by Cotton et al.>8 in
which acetonitrile solutions of the trihalides are treated with an eqaivalent quantity
of the appropriate substituted ammonium or arsonium halide (e.g. Me,N*, Et,N*,
Bu,N™*, Ph,As*). The corresponding iodides can be prepared by halide exchange
reactions using sodium iodide. An alternative route involves the treatment of a
solution of the trihalide in hydrohalic acid with the appropriate organic or metal
halide. By this means salts such as (pyH) TICl,®? and (quinH) T1X,®* have been
prepared. Krause and Grosse* found that the oxidation of the thallous halides
by halogen in the presence of pyridine and an alkyl halide RX (R = Mg, Et, Pr
or Bu) proceeded with the formation of the alkylpyridinium salts (CsHNR)TIX .

When aqueous solutions containing the thallous and thallic halides (chloride
or bromide) are cooled, the “dihalides” T1,X, may crystallize®®. T1,X, is also
prepared by passing chlorine gas over molten thallous chloride, and TI,Br, from

Coord. Chem. Rev., 6 (1971) 1-25
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the reaction of thallous bromide with an excess of liquid bromine in a sealed tube
at 100° °°. That these halides have the structure TI'[TI"X,], containing the tetra-
hedral TIX,™ anions is based upon the following evidence. Tl,Br, is iso-struc-
tural®? with Ga,Cl,, which is Ga'[Ga"'Cl,]°8. The thallium nuclear magnetic
resonance spectra of molten T1,X %6 leaves little doubt that both the TI' and TI™
states are present. Thallium occurs with two isotopes of mass numbers 203 and 205,
each of which has a relatively large magnetic moment and spin of 1/2. The T1>°*
resonances of molten TI,X, reveals two peaks, consistent with the presence of
T1* and TIX,™ in the molten state. Finally, Spiro®® has found that the low fre-
quency vibrational spectrum of T1,Br, is very similar to that of other derivatives
containing the tetrahedral TIBr,™ anion*.

With the exception of TI[T1Br,] there is little direct crystallographic evidence
for the structures of the salts so far discussed. Cotton et al.3® have established
that (Ph,As)TICl, is isomorphous with the corresponding iron(IIl) salt”®, and it
thus presumably contains the tetrahedral TICl, ~ anion. Also (Bu,N)TIX, (X = Cl
or Br) are isomorphous®?® although no single crystal structural data are available.
Very recently, a full 3-dimensional X-ray analysis of the pyridine solvate (pyH)-
TII, - py has been completed”!. The TII,~ anion is a slightly distorted tetrahedron
with TI-I distances ranging from 2.734 to 2.774 A (with standard deviations of
0.002 A) and I-TI-I angles between 106.4° and 112.7°. This complex is prepared
from the reaction of the chloro derivative TICl; - 2py (see section D) with sodium
iodide in aqueous acetone”?, or by treating an acetonitrile solution of thallium(IT)
chloride38:3° with pyridine and an excess of hydroiodic acid?*. The material which
was prepared many years ago by Berry et al.2¢ and formulated as “(CsH;N),-
HTIL,”, is almost certainly this same complex.

The most convincing evidence that all those salts so far discussed contain
the retrahedral TIX,~ anions, is provided by the low frequency vibrational spectra
of these species®®'%:72~78_ As indicated in Table I, those tetrahalothallates(IIT)
stabilized by thallous and organic cations show vibrational frequencies character-
istic of a tetrahedral species’® and the requisite Raman-IR coincidences, thus
ruling out the alternative centrosymmetric square-planar stereochemistry. There
remains some doubt in the assignment of either or both of the low frequency
bending modes v, and v, for several of the salts listed in Table I, although there
is no doubt as to the assignments of the stretching modes v, and v;. The usual
frequency order v3 > v,”? holds for TiBr,™ and TII,~ but the reverse order is
found for all salts containing the TICl,™ anion**. For a comparison of the vibra-

* Here it may be noted that the vibrational spectra of molten InCl, is consistent with the struc-
ture In'[In""ClL,] (see J. H. R. CLARKE AND R. E. HESTER, fnorg. Chem., 8 (1969) 1113 and F. J. J.
BRINKMANN AND H. GERDING, Rec. Trav. Chim. Pays-Bas, 88 (1969) 275).

** For comparison it is intereszing to see that (Et,N)InCl;, which is known to contain the tetra-
hedral InC:;~ anion (J. TROTTER, F. W. B. EINsTEIN AND D. G. Tuck, Acta Cryst., B25 (1969)
603) has v; = 318.5 cm~?! and v3; = 330 cm~*! (F. J. J. BRINKMANN AND H. GERDING, Rec.
Trav. Chim. Pays-Bas, 88 (1969) 275).
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TABLE 1
VIBRATIONAL FREQUENCIES OF THE TETRAHEDRAL TIX,.~ ANIONS (cm™ )"
Complex Medium Assignment
Vl(Ax) Vz(E) V;(Fz) V4(F2} Lattice Re_fu
[Me /N]JTICl, Solid R 312 294 .72
N.M. IR 302 115 =
og 75
[Et NITICL, Solid R 312 290 75
CH,CN R 307(p) 295(dp) 77
N.M. IR 293 110 75
93
N.M. IR (295)
" } 108 73
Polythene IR 315) 115
disc 297 } ©sf 77
[PhsAs]TICL, Solid R 312 60° 296 78% 72
N.M. IR (306) 296
@18 88 69
N.M. IR 306 107 75
292 93
[Me /N]TiBrg N.M. IR 207)
199 } 102 75
) - (186)
N.M. IR 195 76
[EtsN]TIBr Solid R 192 183 75
Solid R 186 196 86 73
CH,CN R 186(p) 203(dp) 77
N.M. IR 185
! 73} 78 75
N.M. IR 200 73
[Ph,As]TIBr, N.M. IR 196 75
TIT1Br, Solid R 182 56 198 74 84,34 69
N.M. IR (186) 200 ~T72 69
CsTIBr, Solid R 184 58 201 69 69
N.M. IR (186) 205 ~74 69
RbTIBr,; - H,0 Solid R 180 59 193 59 69
N.M. IR (186) 200 ~64 69
KTiBr, Solid R 182 58 196 58 69
N.M. IR 203 ~53 69
[Et N]TIL, Solid R 130 149 75
Solid R 130 154 73
N.M. IR 146 60 75
N.M. IR 152 72 73
{Bu,NjTIL, Solid R 133 156 69
N.M. IR 152 ~ 56 69
{pyH]Til, - py Solid R 127 (153)} 7
148
N.M. IR (152)} 71
147
[PhAs]TH, N.M. IR 148 ~56 75

2 N.M. = Nuyjol mull; IR = infrared and R = Raman; p == polarized and dp = depolarized.
¢ Adams and Morris (Ref. 75) disagree with these assignments. € Note that the assignments of
Walton (Ref. 73) and Davies and Long (Ref. 77) differ from those of Adams and Morris (Ref. 75).
The latter give vy > v3, whereas in Refs. 73 and 77, v3 > v, which is supported by polarization
measurements and is therefore the favored assignment.
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tional frequencies of the GaX, ™, InX,™ and TIX,™ anions, reference is made to
the recent review by Carty?5.

Vibrational spectroscopy has also proved useful in studying the extraction
of the acids HT1X, (X = Cl or Br) into diisopropyl ether?®, and the nature of the
systems T1X;-LiX in ethanol or water, and TIX;~HX(aq.) X = Cl or Bp)"".
Vibrational frequencies characteristic of the TIX,™ ions were observed for these
systems.

In contrast to the complexes so far considered, the alkali metal salts of the
TIBr,~ and TIlI,~ ions present a rather more confusing picture. Ammonium,
potassium, rubidium and caesium tetrabromothallates(III) have been prepared by
crystallizing aqueous solutions of thallium(IIT) bromide and the required bromide
salt®2-8°; these derivatives may be obtained anhydrous or as mono- or di-hydrates.
Watanabe et al.®'—%3 have briefly reported results of their crystallographic studies
on several of these salts; CsTIBr, and KTIBr, - 2H,O for instance, have been
described as containing square-planar TIBr,~ anions. More recently, the tetra-
iodothallates(IIl) RTI, - 2H,O (R = NH_, K, Rb or Cs) and RTII, (R = NH,
or K) have been investigated®* and their X-ray powder patterns found to be very
similar to those of CsTIBr, and KTIBr, - 2H,O etc., indicating isomorphism
between these two sets of complexes. Iodine NQR spectra were interpreted ac-
cordingly. However, doubt has been cast upon the conclusions of Watanabe
et al.81—83 following the work of Spiro®® who measured the vibrational spectra
of CsTiBr4, RbT1Br, - H,O and KTIBr, (Table 1) and found that these complexes
had vibrational spectra characteristic of tetrahedral T1Br, . These observations
coupled with the structural evidence for TI[TIBr,]®’ and (pyH)TI, - py”!, sug-
gests that a detailed crystallographic investigation of the alkali metal salts would
be desirable.

The reaction of nitrosyl chloride with thallium metal or thallous salts in a
sealed tube at 100°, or with thallium(III) chloride at —20° affords the complex
TICl; - NOCI85. Complete and rapid exchange of radiochlorine between thal-
lium(III) chloride and liquid nitrosyl chloride is in agreement with the ionic struc-
ture NO*TICl,~ (Ref. 86); spectral studies have apparently confirmed this struc-
ture®”.

The 1:1 complex TICl;, PCl,, first prepared by Groeneveld®8, probably has
the ionic structure PCl,*TICl, ~, and would thus resemble structurally the related
indium complex PCl,*InCl,~ (Refs. 87, 89).

The TICi,~ anion, along with other tetrachlorometallate(III) anions has
proved to be particularly useful in stabilizing cationic metal species of the type
M(CH,CN)."*, such as [Li(CH;CN),JTICl,, [Sr(CH3;CN)g](TICl,), and
[Ni(CH;CN)] (TICL,), °°-°L. IR spectral studies suggest that the TICl,~ ion
retains its tetrahedral structure in these complexes.

The Lewis acid behavior or thallium(IIl) chioride and bromide is further
illustrated by their reactions with the trityl halides®? to form the moisture and
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air-sensitive derivatives [(C4H)3C]TIX,; the corresponding iodide can be pre-
pared by adding sodium iodide to an acetonitrile solution of the chloro complex.

The mixed tetrahalothallates(ITY) (Et,N)TIX,_,Y,, where Y = Br or I when
X =Cl, and Y =1I when X = Br, can be isolated as cryétalline solids by the
reaction of stoichiometric quantities of thallium(III) chloride or (Et,;N)TIBr, with
the appropriate teracthylammonium halide in acetonitrile, according to the eqns.®?

TICL; +nEt,NX — (Et, N)TICL, _ X, +(n—1) Et,NCl
or
(Ety;N)TIBr, +n Et,NI — (Et,N)TIBr,_ I, +n Et,NBr

X-ray powder data®? and vibrational spectral studies’® confirm that these com-
plexes are pure phases and not in reality mixtures of the component tetrahalo-
thallates(IIf). IR and Raman spectra’?® are consistent with the species TIX;Y ™

TABLE 2

VIBRATIONAL FREQUENCIES OF THE THALLIUM-HALOGEN STRETCHING MODES (in cm™!) OF THE
TIX:Y ™ aND TIX,Y .~ ANIONS OF C3, AND C,, SYMMETRY, RESPECTIVELY?

Anion Medium Approximate description of mode
A, (IR, R) As(IR, R) E(IR, R)
v(Ti-Y) v(TI~-X) va(T-X)
TIC1;Br~ N.M. IR 204 292
Solid R 202 307 296
TiCiI- N.M. IR 165 or 152 283
Solid R 164 or 151 3027 282
291
CH;CN R 168 or 153 ggg? } 288
TIBr;CI~ N.M. IR 290 200
Solid R 293 193 ~200
188
TII;Cl~ N.M. IR 271 136 156
Solid R 276 130 152
TH;Br~ N.M. IR 186 158
Solid R 187 138 156
131 }
CH;CN R 192 137 160
B;(IR,R) Ai(IR,R) B(IR,R) Ay (IR, R)
v(Tl-X) v(TI-X) v(TI-Y) v(TY)
TICL,Br,— N.M. IR - 292 . 204
Solid R 299 291 199 193
TICLI,~ N.M. IR . 280 .o 160 137
Solid R 290 280 163 140
CHsCN R - 286 . 165 142
TIBr,I,~ N.M. IR 196 161 T 144
Solid R 196 186 154 144 }
136
CH;CN R 198 193 159 148 }
141

a N.M. = Nujol mull; IR = infrared and R = Raman.
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and TIX,Y,™ possessing C;, and C,, symmetries, respectively. Table 2 lists the
frequencies of the TI-X and TI-Y stretching modes. Although Walton’? has inter-
preted the Raman spectra of acetonitrile solutions of these complexes on the basis
of the mixed tetrahalothallate(III) anions persisting in solution, Davies and Long””
suggest from their studies of the sol:tion spectra of TICl;Br~ and TIBr;Cl™, that
the solutions consist of mixtures of the TICl,~ and TIBr, ™ ions. However, that the
latter possibility is unlikely is suggested by measurements of the solution electronic
absorption spectra®3. In all instances the spectra showed a close adherence to
Beer’s law behavior and the band positions and shapes confirmed that the solu-
tions were not mixtures of the TIX,~ components. The spectra of TICl,~, TI1Br,~
and TII,~ are shown in Fig. 1 and that of the TICl;1™ ion in Fig. 2. The spectra
of TIBr,~ and TH,~ are unchanged in the presence of excess Et,NX but the
40.8 kK band of TICl, ™ shifts to 39.7 kX when a large excess of Et,NCl is added,
indicating the formation of a higher chlorospecies e.g. TICIs2~ (Ref. 93).

[
Q
=
£ <
7
g /l-l \\\\
l_f kY
\_\-
~
Q-0 1 L N . ==
225 275 325 350 400 450

s
Fig. 1. Electronic absorption spectra of acetonitrile solutions of (Et;N)TIX;. (@) X = ClI
(0.78 X 10~* g.mol/1); (b) X = Br (0.98 x 10~ g.mo¥/); (c) X = 1 (6.48 X 10~ 5 g.mol/l).

20

absorbance

[y 1 -} B

225 275 325 350 400 450
my

Fig. 2. Electronic absorption spectra of acetonitrile solutions of (Et,N)TICI;I. Concentrations

of the solutions (in g.mol/l) are as follows: (a) 4.44x10~%; (b) 2.96 X10~%; (c) 1.48 X 10~%;

(d) 8.88¢10-3; (&) 7.4%x 10~ 5; (f) 5.92x10~5; (g) 4.44x10-7; (h) 2.96 x 10~ 3,
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TIX,™ are isoelectronic with HgX,?~ and similar electronic absorption
spectra are expected. The absorption bands of TICl, ™ (Fig. 1) are at lower energies
than the corresponding absorptions of HgX %~ (Ref. 94), whichis expected in view
of the decrease in optical electronegativity®® for Hg" compared to TI"'\, The ab-
sorption bands also display the usual bathochromic shift and increase in com-
plexity (owing to spin—orbit coupling effects)®® characteristic of X(x) » M electron
transfer transitions.

The complex (Ph,As)TIBr,(N5), has also been prepared®7-9® but no struc-
tural studies have been carried out. Organothallium(IIT) complex ions of the types
Ph,TIX,™ (X = Cl, Br or I) and PhTIX;~ (X = ClI, Br or I) have been stabilized
as their Me,N*, Et,N* or Ph,As" salts by the direct reaction of Ph,TIX or
PhTIX, with the appropriate substituted ammonium or arsonium halide®®. Their
formulations were confirmed by vapor pressure measurements using osmometric
techniques.

(ii) Pentahalothallate(III) anions

Hydrates such as Cs,TICl; - H,0%>, K, TICl; - 2H,0°* and SrTICl; « 3H,O
(Ref. 100) can be prepared from aqueous media. The caesium salt is isomorphous
with (NH,),InCl; - H,0 and (NH,4),FeCl; - H,0%? and presumably contains the
square-pyramidal TICls%®~ anion, with a water molecule occupying the sixth octa-
hedral position. More recently, anhydrous salts containing substituted ammonium
cations have been prepared very easily from organic solvents such as acetonitrile,
methylene chloride or methanol. Thus (Me,N),TICl;? %1%, (Et,N),TICl;*°! and
(DMTEA)TIX s (X = ClI or Br)'°! have been isolated and (Et;N),TICl; shown
to be isomorphous with (Et;N),InCls'°2. The most striking feature of the indium
complex is that it contains the square-pyramidal InCls%~ apion, and is the first
example of a non-transition element containing this geometry.

The Raman and IR spectra of (Et;N),MCls; (M = In and TI) are very
similar!®! and for the thallium complex give a good fit with that expected for a
square-pyramid. The highest frequency v(TI-Cl) mode (v;) of (Et,N),TICl; is
located at 275 cm™* (Ref. 101), about 35 cm ™! lower than the v,(TI-CI) stretching
mode of TICl,”. The symmetric TI-Cl stretching modes of Cs,TICls - H,O and
K,TICl; - 2H,0 are at 270 cm ™' (Ref. 72), close to that for (Et,N),TICls, which
indicates that these hydrates contain the square-pyramidal TICl;2~ anion. Nitro-
methane solutions of the complexes (Et,N),MCl have vibrational spectra very
similar to those of the solid-state species although it seems likely that in solution
pseudo-octahedral complexes MCI;S? ™ are formed® ®!. There is also good evidence
that significant dissociation to TICl, ~ occurs in nitromethane solutions of TICl 2.
Vibrational spectra of the DMTEAZ2* salts of the TICls2~ and TIBrs2- ions in-
dicate that the latter are highly distorted as a result of crystal packing effects.

Faraglia et al.®® have prepared the complex salts R,[Me,TIX;], where

Coord. Chem. Rev., 6 (1971) 1-25
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R = Bu,N* or PhyAs* and X = Cl, Br or I, by a similar procedure to that
described already for Ph,TIX,™ and PhTIX;™ (see section C, i). Little is known
about the geometry of these anions and a study of their vibrational spectra would
be of particular interest.

(iii) Hexaixalothallate( IIT) anions

LTrnamn and 7 Mrarar ﬂ t+ha ﬂvinnnof'nn

KOOWD anGa arc 5Gﬁel.a..u_y piéparca in the fluorination ©
priate alkali metal chloride and thallous chloride.

The most important complex containing the TICl43~ ion is orange-red
[Co(NH 3)4]TICI,, which can be precipitated quantitatively by adding a 2M HCl
solution of thallium(III) chloride or an aqueous solution of K;TIClg - ZH,O (see
later) to one of Co(NH3)¢Cl;1°5. Wanatabe et al.®* determined its crystal struc-
ture and found it to contain octahedral Co(NH,)¢3* and TICl¢3~ (TI-Cl =
2.48 A) in the cubic NaCl arrangement (@ = 11.40 A). The reddish-brown bromide
may be prepared similarly®2 and has TI-Br = 2.58 A. The vibrational frequencies
of the TICig>~ anion in this complex have recently been determined by Barrow-
cliffe er al.1%% and are given in Table 3. From a comparison with related data for
TICls2~ and TICL,™ it is seen that the symmetric TI-Cl stretching frequency
decreases in the order TICl,~ > TICls®*~ > TIClg>~.

=

TABLE 3

VIBRATIONAL FREQUENCIES OF THE TIX¢®~ ANIONS (X = Cl oR Br) in cm™?

Co(NH)sTICIs “K3TICIls - 2H, 0 Rb3TIBrs - 8/7H,0 Symmetry Activity
264 280 161 Vi Qg R

192 262 153 v € R

230 294 190, (195)° vy fiu IR

146 246, 222 156, 134 Vs Sfiu IR

135 155 95 Vs f2g R

2 Shoulder.

Alkali metal salts such as K3TIClg - 2H,0'%7, Cs;TIClg - H,0'°® and
Rb;TIBrg - 8/7H,08%1°7 crystallize from aqueous media. Hoard and Gold-
stein'®? carried out an early crystallographic investigation on the above potassium
and rubidium salts, and concluded that they contained the octahedral TiX¢3~
anions. On the basis of these results, Spiro®°-72 interpreted the low frequency
vibrational spectra of these two complexes (Table 3). Band splittings were attrib-
uted to the lowered site symmetry, C;, of the complexes in the crystalline state.
It can be seen from Table 3, that the spectral data for the complexes [Co(INH ;)]
TICl and K,TIClg - 2H,0 are not in good agreement, and Barrowcliffe ef al.*°®
have suggested that the earlier assignments’* of the Raman bands of TIClg*~
was erroneous. They also suggested that the X-ray structure determination of
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Hoard and Goldstein'®’ was probably in error and that the material they in-
vestigated did not contain the TICl¢3~ anion.

The halides T1,X, (X = Cl or Br) are prepared by crystallizing mixed
aqueous solutions of the appropriate thallous and thallic halides®2-1°9-111_ Other
preparative routes are available, including the reaction of thallium metal or T1,054
with sulphur monochloride'!2. The thallium nuclear resonance spectrum of T1,Cl
is such that the chemical shifts and band intensities are consistent with the structure
TI,TICl4. There seems little doubt that this is indeed the correct structure. The
related indium chloride solid state phase In,Cl;, has a vibrational spectrum con-
sistent with the structure In;InClg87-114:*15 although this is not true for the
molten state*S,

The complex Cs;TI,Cl,y108:116-118 j5 5 classic example of a compound
containing the dinuclear M,X,>~ species. It is a component of the TICl;—CsCl-
H,O phase'®8 and is readily isolated in the solid state!*®-118_TIts crystal structure
is known!!7-118 apnd the TI,Cl,®~ anion consists of two octahedra fused at a
face. Unfortunately, the crystals are extensively twinned, but in spite of this a
vibrational analysis has been carried out with the aid of oriented single-crystal
Raman measurements!!?,

D. COMPLEXES OF THE THALLIUM(III) HALIDES WITH DONOR MOLECULES OF GROUPS VB
AND VI B

(i) Nitrogen donors

Complexes of the thallium(III) halides with pyridine, the bipyridyls and the
phenanthrolines have been extensively studied for many years. Aspects of their
stability and structure will comprise the principal content of this section. However,
we shall first briefly consider the Lewis acid behavior of thallium(III) chloride
towards phosphorus, arsenic and antimony donor molecules.

The reaction of thallium(IIl) chloride with triphenylphosphine in diethyl
ether!2° or acetonitrile!2!, results in reduction to thallous chloride and the recovery
of unchanged triphenylphosphine (unstable Ph,PCi, may be a reaction inter-
mediate)'2°. Triphenylarsine!2%:12! and tri-p-xylyl-arsine*?2 and -stibine'22 react
similarly, although the ligand oxidation products are stable and can now be
isolated. Thus the reaction of thallium(III) chloride with triphenylarsine in the
cold affords trace amounts of PhAsCl,, whereas for higher reaction temperatures
both Ph,TICl and Ph3AsCl, can be isolated in addition to the bulk thallous
chloride'2°. This behavior contrasts with the stability of indium(III) and gal-
lium(iII) halide complexes of phosphines!?3~126 and reflects the decreased stability
of the higher oxidation state as the group is descended.

The ammine TICl; - 3NH3 which is prepared by the action of dry gaseous
ammonia under pressure on an ether solution of the trichloride!27, decomposes at

Coord. Chem. Rev., 6 (1971) 1-25
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170° to a lower ammine and to thallium(I) species at higher temperatures. Thal-
lium(IIl) iodide is described as forming a white ammine of stoichiometry TII,
-3NH,;!2%. However, the color of this material and the proposed structure
[TIONH ;)¢]TH 128, are incompatible with the properties of other coordination
compounds of this halide with nitrogen donors (see later), and it seems almost
certain that this is not such a derivative.

In 1928, Hieber and Sonnekalb!?? described the results of their studies on
the thallium(IIl) chloride-aqueous ethylenediamine systems, from which they
isolated products analysing for TICl; - en - H,O, TICl; - 2en - H,0 and TICI; -
3en - 3H,0. Double decomposition of these complexes with potassium bromide
or iodide in aqueous alcohol, afforded the derivatives TIBr; - en - H,O, TiBr; - 2en
and TII; - en. These workers proposed!?? that the bronze colored TII, - en was
monomeric on the basis of a molecular weight measurement in nitrobenzene, but
more recent work by Sutton'3°, who measured the conductivities of nitrobenzene
solutions of TIBr; - en and TII; - en, led to tke suggestion that these two com-
plexes had the ionic structure (Tl(en),X,)TIX,.

The anhydrous derivatives of stoichiometry TICl; - 3en and TICl; - 2en pre-
cipitate when stoichiometric quantities of reagents are mixed in absolute metha-
nol'27. At 153° the 1:3 complex decomposed to TICl; - 2en; the thermal stability
of the tris(ethylenediamine) complexes of the Group III trichlorides decreases in
the order Ga > In > TI'27, Addition of an excess of ethylenediamine to acetoni-
trile solutions of TICl3, or TIBr; affords TIX; - 3en’®. Since no TI-Cl stretching
frequency was located above 222 cm™! in the low-frequency IR spectrum of
TICl,; - 3en, it was suggested’* that TIX; - 3en have the expected ionic structure
[Tl(en);]**3X ™. A study of the vibrational frequencies of the coordinated ethyl-
enediamine molecules in TIX; - 3en (X = Cl, Br or I) apparently confirms'3! these
conclusions, but for TIX; - en and TIX; - 2en (X = Cl, Br or I), the relative
simplicity of the IR spectra’®! was interpreted in terms of the bridging frans-
ligand conformation; the 1:1 and 1:2 complexes were therefore considered to be
polymers!37. Thus the structures of TIX; - en (X = Br or I) in the solid state may
be different from those inferred by Hieber and Sonnekalb!2?° and by Sutton'3°
from their solution studies.

Electronic absorption spectral measurements on absolute methano! solu-
tions of the 1:1, 1:2 and 1:3 ethylenediamine complexes by Kul’ba et al.'32, have
not solved the problem of the nature of the solution species. These spectra were
compared with those for the salts LiTICl,, LiTlBr, and KTIL*, and while there
was good evidence that the TIX,™ ions were present in solutions of TICl; - en
and TIBr; - en, further conclusions are unjustified until more detailed studies are
forthcoming. It seems likely that solution studies are complicated by the presence
of competing equilibria in which several thallium halide species are involved.

* These spectra were in good agreement with those recorded for acetonitrile solutions of (Et,;N)-

TIX, (see Fig. 1).
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Before we consider the thallium(III) halide complexes of the bipyridyls and
phenanthrolines etc., it is pertinent to mention that a variety of complexes of
thallium(III) nitrate and perchlorate with these nitrogen donors are known. From
the direct reaction of methanol solutions of the nitrate with 2,2’-bipyridyl, 3,3’-
bipyridyl or 1,10-phenanthroline, the complexes [Tl(bipy),] NO3);, where n = 2
or 31*3, TI(NO3); - 3,3’-bipy***, [TI(bipy) (phen)] (NO3);*2%, [Ti(phen),] (NO3)s,
where n = 2 or 3'3°, and TI(NO,); - 4,7-phen'3® have been prepared. Replace-
ment reactions with sodium perchlorate, have been used to prepare the related
perchlorate derivatives, such as [TI(bipy),] (ClO,);, where n = 2 or 333137
[Ti(bipy),] (NO3),(ClO,)**7, [Ti(bipy) (phen)] (C1O,) ;'*®, and [Ti(phen),] (C10,)s,
where n = 2 or 3133, Conductivity measurements on aqueous!33:135 and nitro-
benzene!37 solutions of several of these complexes are in keeping with the above
formulations if we assume the presence of jonic nitrate and perchlorate groups.
However, Farver and Nord'3? find good infrared evidence that in the solid state,
the complexes [Tl(bipy),1Y 5, where Y = NOQ; or CiQ,, contain ionic and covalent
nitrate and perchlorate groups, and that [Ti(bipy),] (NO,),(ClO,) contains co-
ordinated nitrate groups (i.e. presumably six coordinate [Tl(bipy),(NO3),]1%) and
an ionic perchlorate. Finally, X-ray powder measurements show that [Tl(bipy)
(phen)] (NO3); is not in reality a mixture of the bis-bipyridyl and phenanthroline
derivatives!28.

Many of the above nitrate complexes are useful intermediates in the synthesis
of trihalide derivatives of these nitrogen bases. In addition, several react with
ethylenediamine to form complexes such as [Tl(en),(phen)](NO3); and [Ti(en);]
(NO3),; '35,

The 2,2',2"-terpyridyl, bipyridyl, phenanthroline, quinoline, pyridine and
pyrazine complexes of the thallium(III) halides which have been prepared and
whose existence are reasonably well documented are listed in Table 4, together
with some related derivatives. Several methods have been used for their prepara-
tion and include the following:

(A) addition of the tertiary amine to an acetonitrile solution of thallium(III)
chloride or bromide; the latter is prepared by the halogen oxidation of a suspen-
sion of the thallous halide;

(B) mixing the reagents in water, methanol, ethanol or ether. Using this
procedure, the hydrate TIX; - 4H,0 can often be used instead of the anhydrous
trihalide;

(C) reaction of a related nitrate complex (see preceeding section) with an
appropriate alkali metal halide;

(D) halide exchange, which involves the treatment of a chloride complex
with a solution of an alkali metal bromide or iodide*.

* It was originally believed!?! that the complex TlI;- py was formed when the chlorocomplex
TICl; - 2py reacts with aqueous acetone solutions of sodium iodide. It has subsequently been
shown?! that this sample of “TIls. py” was in fact the pyridine solvate (pyH)Tl;- py.

Coord. Chem. Rev., 6 (1971) 1-25
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TABLE 4
COMPLEXES OF THE THALLIUM(III) HALIDES WITH TERTIARY AMINE DONOR MOLECULES
Complex Usual References Complex Usual References
method of method of
preparation preparation
TICl; - bipy A,B 39,74,121, TIBr; - 2phen C 135,
130, 133, 139
TICl; - 2bipy C 133 TIBr; - 3phen C 135
[Tl(bipy).Cl.]INOs C 135 Til3 - phen C,D 121, 130,
135, 142
TIBr, - bipy A, B, C 39, 74,121, TII; - 2phen C,D 130, 142
< ’ 130, 133,139
TIBry - 2bipy A,B,C 133 - TIX 53 - 4,7-phen B 136
(X = Cl or Br)
TII; - bipy C,D 121, 130, 133 TlI; - 4,7-phen a 136
TII; - 2bipy D 130 Til; - 2(4,7-phen) a 136
[Ti(bipy) (phen)X.]- C 128 TIX; - 1/2terpy A 121, 141
(NOj3) (X = ClorBp) (X = Cl or Br)
TICl; - 3,3-bipy B 140 TIX 3 - terpy A 121, 141
(X = Cl or Br)
TICl; - 2(3,3"-bipy) B 140 TIH; - 1/2terpy D 121
TiX3 - 3,3-bipy D 134 TICl; - dipyam A 74
(X =Brorl)
TiX3 - 2(3,3-bipy) D 134 TICI; -2quin® B 63, 143
(X =Brorl)
TICly - 4,4-bipy B 140 TICI; - 2py A,B,C 38, 39, 63,
74, 121, 141
TiX; - 4,4-bipy) D 140 TICl; - 3py A B, C 62, 63, 141,
X=3BrorDh 143, 144
TICl; - phen A,B 38, 39, 74, TIBr;3 - 2py°© A, C 39, 63, 74,
121, 130, 139 121
TiCl; - 2phen C 135 Tils - 2py? C 63
TICl; - 3phen C 135 TICl; - 3y-pic A 39, 121, 141
TiBr; - phen A,B 38,74,121, TICl; - 1.5pyz A 121, 145
130, 139, 141
TICl; - ampic B 146
TIX; - ampic D 146
(X =Brorl)

% Prepared by the addition of an alcoholic solution of 4,7-phenanthroline to a similar solution
of “TH3”. ? Renz (Ref. 148) reported the existence of TICl; - 3quin but this result was not
supported by the more recent work of Kul'ba er al. (Ref. 63). €< TIBrs; - 3py is prepared
by oxidizing a suspension of thallous bromide in pyridine with pyridinium bromide (Ref. 144).
4 Orange TII; - 2py was also described as the reaction product when pure “TII;” was ground
with pyridine (Ref. 26). The early report of Tll; « py by Renz (Ref. 148) has not been confirmed.

The chloride and bromide complexes listed in Table 4 are invariably white
to pale yellow in color, whereas the iodides are a deep orange-red. The thermal
stability of several of these derivatives decreases in the orders Cl > Br > I,
phen > 4,7-phen and bipy > 3,3'-bipy; the ease of hydrolysis is also in the sense
Cl > Br > L. Kul’ba and Makashev'*® have made calorimetric measurements on
2,2"-bipyridyl and 1,10-phenanthroline complexes of the types TIB** and TIB,3*,
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and have concluded that the phenanthroline complexes contain stronger thailium—
nitrogen bonds than do the related bipyridyl derivatives. However, in spite of the
large number of complexes known, only limited structural information is available.

Conductance and low frequency vibrational spectra measurements have
proved to be the most popular means of gleaning structural information, but it is
clear that the solid-state and solution structures often are different.

(a) Pyridine, y-picoline, quinoline and pyrazine complexes

Low frequency IR and Raman studies leave little doubt that the complexes
TICl; - 3py, TICl; - 2py, TIBr; - 2py and TICl; - 3y-pic are non-ionic and six co-
ordinate in the solid state'2'-1*!, The vibrational frequencies are not characteristic
of the TIX,™ ions and none can be attributable to species such as [Tlpy,Cl,]* or
[Tlpy,Cl,]*, so that ionic solid-state structures [Tlpy,Cl,]TICl, and [Tlpy,Cl,]1Cl
can be ruled out. TICl, - 3py and TICl; - 3y-pic like InCl; - 3py!43:14? probably
have cis-octahedral structures. The spectrum of TICl; - 2py closely resembles that
of TICl, - 3py and reveals marked IR-Raman coincidences; the former complex is
most likely a non-centrosymmetric halogen-bridged dimer. Dipole moment
studies'*3 on benzene solutions of TICl; - 3py and 1,4-dioxan solutions of TICI, -
2quin have been carried out but the results were not interpreted in terms of the
stereochemistry of the [TICI;N,], moieties.

McWhinnie”* has described the low frequency infrared spectrum of an
acetone solution of TICl; - 2py and suggested that the solution species may be
[Tipy4Cl,]TICl,; a molar conductance measurement’# also indicated the presence
of a 1:1 electrolyte, although the concentration of the latter solution was pre-
sumably much less than that for which the spectral measurements were recorded.
Kul’ba and coworkers®3-15% had previously suggested from limited conductivity
studies on acetone solutions of TlI; - 2py and nitrobenzene solutions of TICl; - 2py
and TICl, - 3py, that in solution these molecules do indeed have the structures
[Tlpy,X,1TIX, or [Tlpy,Cl,] [Tlpy,Cl,]. More recent concentration range ccn-
ductivity measurements'?! on acetone and acetonitrile solutions of TICl; - 2py
and acetone solutions of TICl; - 3y-pic, reveal behavior characteristic of weak
electrolytes, so that while considerable ionic dissociation may occur in dilute solu-
tion (~10~3 M or less) the nature of the more concentrated solutions (> 102 M)
is uncertain.

The pyrazine complex TICl; - 1 1/2pyz'?! has an infrared spectrum in the
4000650 cm ! region, which is virtually identical with that of InCl; - 1.5pyz'+?
and characteristic of pyrazine bonded through both nitrogen atoms!>!. A poly-
meric structure with the central metal atom possessing the local structure MCl;N;
seems likely, although vibrational spectral studies'*> do not distinguish between
a cis- and trans-stereochemistry.

The thallium(IIT) halide complexes of 2-aminomethylpyridine, TIX; - ampic,

Coord. Chem. Rev., 6 (1971) 1-25
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form conducting solutions in nitromethane and nitrobenzene'#®, but no data is
available concerning their solid-state structures.

(b) 2,2'2"-Terpyridyl, bipyridyl and phenanthroline complexes

Studies with these donor molecules have paralleled those described above
for the pyridine derivatives of thallium(III). Conductivity measurements on ace-
tonitrile solutions of TIX; - 1/2 terpy (X = Cl or I)!2!, together with low frequency
Raman and IR data on these complexes and the related bromide'?!:'4!, indicate
that they have the ionic structure [TiterpyX,]TIX, in the solid state and solution.
The 1:1 complexes TIX; - terpy (X = Cl or Br)'?!-'4! which are also known,
probably have a non-ionic octahedral structure, although their vibrational spec-
tra'2t-14! provide little evidence favoring this over ionic [TIX, - terpy]X.

Like the related pyridine derivative, the complexes TICl; - bipy and
TICl; - phen most likely have the six coordinate non-centrosymmetric halogen
bridged dimeric structures [(B)Cl,TICI, TICI,(B)]'?*-1*!. This contrasts with the
structure of GaCl; - bipy* 3%, which is ionic [cis-Gabipy,Cl,]GaCl,, a conclusion
which was first suggested from IR studies!®? and later confirmed by a crystallo-
graphic investigation®33. However, the related thallium(IIT) bromide and iodide
complexes TIX; - bipy and TIX3 - phen may, like the above gallium(III) complex,
have the ionic structure [TI1B,X,]TIX,. This is supported by the vibrational spectra
of the crystalline complexes'?*-1%; a cis-stereochemistry for the cations is likely
by analogy with cis-Gabipy,Cl,* (Refs. 152, 153) and cis-Inbipy,Cl,* (Ref. 145).
A suggestion by Kul’ba er al.!** that the complexes [Tlbipy,X,]X, [Tlphen,X,}X
(X = Cl, Br or I), and [TIphen,X,]NO; (X = Cl or Br) contain the trans-octa-
hedral cations, on the basis of the similarity of the low frequency IR spectra of
[Tibipy,Cl,]Cl and “‘trans-{Cobipy,CL]JCI”, is clearly in error. Only the cis-
[Cobipy,Cl1,]* cations are known and there is good evidence that the trans-
isomers cannot be isolated in the solid state!3>:156,

Conductivity measurements on nitrobenzene solutions of the complexes of
stoichiometry TiX; - B and TIX; - 2B (B = bipy or phen), (many at one concen-
tration only), have been recorded!3°-'75 and while there seems little doubt that
TIX; - 2B have the ionic structure [TIB,X,1X*, disagreement exists in the results
for TIX; - B. Sutton!?° concluded that TIX; - B (B = bipy or phen and X = CJ,
Bror I) had the ionic structure [T1B,X,1TIX in solution, whereas Kul’ba et al.137
found much lower A,, values for several of these complexes (particularly TICl; - B),
and concluded that an ‘““‘unambiguous conclusion regarding the number of ions
formed by dissociation in nitrobenzene cannot be reached™. In another paper, it
was suggested'*? that TII; - phen had the structure [Tlphen,I,]TII,.

Concentration range conductance studies on acetomitrile solutions of

* This is presumably also the solid-state structure. Also, conductance measurements are in keep-
ing with ionic structures for [TIlphen;CI,JNOj; and [Tibipy,.CI;]NO; (Ref. 135).
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TICl, - bipy and TIL, - bipy'?! indicate that like TICl; - 2py and TICl; - 3y-pic
(see above), these systems behave like weak electrolytes; assuming an ionic for-
mulation [Tlbipy,X,]TiX, at concentrations of ~1073 M, A,, values of ~80
ohm~!cm? are still well below that of typical 1:1 electrolytes in this solvent
(~130 ohm ™ lcm?)' 58,

In the thallium(III) complexes of 3,3'-bipyridyl, 4,4'-bipyridyl and 4,7-phe-
nanthroline (Table 4), prepared by Kul’ba et al.?3%:136:140 the bidentate nitrogen
donor molecules clearly cannot chelate, although the Russian workers have often
assumed to the contrary. Thus they attributed the lower thermal stability of the
3,3’-bipyridyl complexes compared to their 2,2’-bipyridyl analogs, to the reduced
stability of the seven membered rings formed in the former derivatives. In reality,
the solid-state structures are presumably polymeric. Low-frequency vibrational
spectra studies have not been reported, but conductivity measurements'>? point
to considerable ionic dissociation occurring in nitrobenzene.

As has been mentioned already, acetonitrile solutions of thallium(IIX) chloride
and bromide3®:3? have been used as reagents for the preparation of coordination
complexes of these trihalides. Reedijk and Groeneveld*® have recently isolated
the complex TICl; - 2MeCN, and find that it forms a non-conducting solution in
acetonitrile and has a Raman spectrum (in this same solvent) with bands at 315
and 250 cm 1. It was suggested*® that this complex does not contain the TICI,~
ion. In view of the apparent simplicity of the Raman spectrum and the relatively
high frequency of the v(TlI-CI) mode at 315 cm™!, this molecule may have a
fairly high symmetry structure, possibly frans-trigonal bipyramidal. Alternatively,
perhaps a further molecule of acetonitrile coordinates in solution to give TICl; -
3MeCN. The above conductance results conflict with those of Berry et al.%>® and
Sheka and Pechenaya'®®, who observed high conductance values and postulated
the presence of ionic species in solution. In view of the sensitivity of this system
to moisture it is possible that the differing results which were observed?%-15° could
be due to varying degrees of hydrolysis.

The ternary phase TICI;-SbCl;—~MeCN has been investigated!%? and
TICl, - SbCl; - 6MeCN isolated, but few details of its structure are known al-
though it may contain the TICl,* species (presumably solvated).

(ii) Oxygen donors

Few systems have been investigated in sufficient detail to warrant other than
a Cursory survey.

As expected, solvolysis occurs with phenols such as the «- and f-naphthols
to form the naphthoxy derivatives (C, o H;0);T1'51. On the other hand, pyrogallol,
pyrocatechol and hydroquinone reduce the trihalides to the thallous state, the
hydroquinone being oxidized to quinone in the process*®*.

Electronic absorption bands characteristic of the TICl,” and TIBr,™ ions

Coord. Chem. Rep., 6 (1971) 1-25
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are observed in the spectra of methanolic solutions of the trihalides. This was
interpreted!32 in terms of a dissociation

2TIX; = TIX, *(solvent) + TIX, ~

The same dissocation was postulated to explain the conductance of methanol solu-
tions of thallium(III) chloride!5°. However, like the related acetonitrile solutions,
it is likely that these systems are also susceptible to hydrolysis.

Thallium(III) chioride dissolves in diethylether to yicld the etherate
TICl; - Et,0%%, and by the slow evaporation of a solution of the trichloride in
1,4-dioxan, crystals of TICl; - 2C,Hz0,'**® have been isolated. Dipole moment
measurements on solutions of thallium(II) chloride in dioxan and ether and
TICl; - 2C4HgO, in benzene'*® have been made but not interpreted in terms of
specific structures for these species.

From their study of the extraction of thallium(III) by tri-n-butylphosphate-
(TBP) from aqueous chloride-sulphate solutions, Chuchalin er al.1%3 suggested
that the trichloride enters the organic phase as TICl; - 2TBP. This species is
described!®* as being monomeric in benzene and non-ionic in nitrobenzene, and
as having a dipole moment of 3.6D and v(TI-Cl) at 315 cm ™. Its most probable
structure was considered!®* to be a distorted trigonal-bipyramid in which TBP
coordination is via the oxygen atom of the P=0 group.

As with the TBP reaction, thallium(III) chloride reacts with dimethylsul-
phoxide and triphenylphosphine oxide to form TICI; - 2DMSO and TICl; -
2Ph,PO, respectively38, for which conductance measurements in acetonitrile in-
dicate only slight ionic dissociation. The IR spectra of these complexes are char-
acteristic of oxygen-bonded donor molecules®®. Both complexes appeared to be
monomers in sulfolane®® and the Raman spectrum of TICl; - 2DMSO has been
interpreted!2! in terms of a trans-trigonal-bipyramidal structure. The highest fre-
quency v(T1-Cl) mode is at 314 cm ™", similar to that quoted for TICl, - 2TBP.
The behavior of TICl; - 2DMSO in acetone'?! illustrates the difficulty sometimes
encountered in inferring the structures of solid-state species from the results of
solution measurements. Such freshly prepared solutions (~ 1072 M) initially have
a low conductance but within a minute or so of their preparation, these values
increase rapidly. Clearly reaction with the solvent occurs, and this is further borne
out by molecular weight measurements in this solvent!2!,

The related bromide complexes TiBr; - 2DMSO and TIBr; - 2Ph;PO have
also been prepared®®-3°, but no structural information is available although ap-
preciable dissociation is detected in solutions of TIBr; - 2DMSO ir several polar
solvents38. The reaction of sodium iodide with TIX; - 2Ph,PO (X = Cl or Br) in
aqueous acetone affords the 1:3 complex TII; - 3Ph;PO>3. This may be an authen-
tic six coordinate derivative of thallium(ITI) iodide; conductance data in acetoni-
trile and nitromethane®® are consistent with the ionic dimer [TI(Ph;PO),I,])-
[TI(Ph;PO),1,). Like most metal halides thallium(III) chloride reacts with POCI;,
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product being TICl, - 2POCI,%3, which contains oxygen bonded POCl; mole-
cules and has v(T1-Cl) assigned to bands at 304 and 292 cm ™.

E. CONCLUDING REMARKS

In the preceding sections, the reactions of the thallium(II) halides with
halide ions, and nitrogen and oxygen donor molecules have been surveyed. In spite
of the large number of complex species isolated little unambiguous structural data
are available, especially for the nitrogen and oxygen donor complexes. Clearly
crystallographic studies on several of these derivatives would clarify these structural
details and serve as a basis for making a meaningful comparison with related
gallium(IIT) and indium(IIT) systems. The nature of many of these complexes in
solution remains very much of a mystery. Some impetus for solving these remaining
problems stems from the realization that thallium(IIY) derivatives can be useful
oxidants for the synthesis of new compounds. Many may well prove to be selective
in their reactivity, but their utilization is at present frustrated by the confusion
which surrounds their solution properties. By way of illustrating their use, it is
interesting to note that recent work has revealed the oxidizing properties of bro-
mobis(pentafluorophenyl)thallium(II), and its use in preparing peatafluorophenyl
derivatives of transition and non-transition metals by reaction with the metals
themselves!®®, or a metal halide or other derivative! 7. Thallium(III) derivatives
will continue to find use in synthetic organic chemistry and as oxidants in kinetic

studies.
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