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The preparation and partial structural characterization of some new complexes of the thallium(III) halides are described.
From nonaqueous media the tetrahalothallate jons, [TIXy] ™, for X = CI, Br, I, are readily obtained using large univalent

cations such as quaternary ammonium and arsonium ions.
The [T11,] ~ compounds provide the first direct evidence for the existence of TI(III) in the presence of I~.
compounds are white, the [TIBry] ~ compounds white or cream, and the [TII,] ~ compounds orange in color.

For [(CsH;)As][TICL], the anion is shown to be tetrahedral.
The [TICL]~
Compounds

of T1X; with neutral ligands such as DMSO, triphenylphosphine oxide, pyridine, and 1,10-phenanthroline have also been
prepared; while with the exception of TII3[(C¢H;)sPO]; they have the stoichiometry T1X;L,, it remains uncertain whether

true five-coordinate species are present.
be a normal, quasi-octahedral trichelate complex.

Introduction

Although a great deal of information is available on
the existence and stabilities of tetrahalothallate(IIT)
complexes in solution,? information on the isolation
and characterization of crystalline complexes is gener-
ally lacking. Methods for the preparation of several
compounds of the type M!TIX, have been described,?—*
but details are incompletely reported and sometimes
contradictory.®” We describe here the preparation and
properties of a series of salts of the [TICL]—, [T1Br,],
and [T1I,]ions. Also described are a number of other
complexes formed by addition of various neutral ligands,
e.g., dimethyl sulfoxide, triphenylphosphine oxide, pyr-
idine, o-phenanthroline, and N,N-diethyldithiocar-
bamate, to the TI(ITI) halides.

Experimental

Thallous chloride and thallous hromide, purchased from Alpha
Inorganics, Inc., and dimethyl sulfoxide, purchased from Mathe-
son Coleman and Bell, were used as received. The tetraalkyl-
ammonium and tetraarylarsonium salts were used as received
from Distillation Products and Aldrich Chemical Co., Inc.
Triphenylphosphine oxide was prepared from triphenylphosphine
and hydrogen peroxide in alcohol-water. The white crystalline
product was recrystallized from alcohol-water (1:1).

Analytical data are the results of microanalyses by S. M. Nagy,
M.I.T., and Galbraith Laboratories, Knoxville, Tenmn.

Preparation of Compounds: (C¢H;)AsTICl,.—Chlorine was
passed briskly through a suspension of thallous chloride (1.2 g.,
0.005 mole) in acetonitrile (30 ml.). After 30 min., when all
the solid material had dissolved, tetraphenylarsonium chloride
(2.1 g., 0.005 mole) was added. The solvent was then removed
under vacuum, leaving white needles of (CsHs)AsTICl,. The
crude product was recrystallized from acetone-alcohol (1:1);
yield 3.5 g., 96%.

(CH3uNTICI,, (C.H; ) NTICL, and (C.H;):NTICl;,—These com-
plexes were prepared in almost quantitative yields following
essentially the same procedure as that used for (CeH;)sAsTICl,.

(1) Supported by the National Science Foundation.

(2) See, for example, S. Ahrland, I. Grenthe, L. Johansson, and B. Noren,
Acta Chem. Scand., 17, 1567 (1963).

(3) R. J. Meyer, Z. anorg. Chem., 24, 321 (1900).

(4) K. Renz, Ber., 35, 1110 (1902).

(5) W. Krause and A. Grosse, ibid., 59, 1712 (1926).

(6) G. J. Sutton, Australian J. Chem., 11, 120 {1938).

(7) F. Ya. Kul’'ba, V. E. Mironov, C. Ts'ung, and Z. G. Filippova, Zh.
Neorgan, Khim., 8, 672 (1962).

(8) F. Ya. Kul'ba, V., E. Mironov, V. I. Sazhina, and T'. G. Ogibenina,
ibid., 8, 911 (1963).

Tris(diethyldithiocarbamato)thallium(III) has also been prepared; it appears to

(CH3)4NT1BI4, <C2H5)4NTIBI4, and (C4H9)4NT1BI'4.*—EXCCSS
bromine was added to a suspension of thallous bromide (1.4 g.,
0.005 mole) in acetonitrile (30 ml.). The reaction mixture was
stirred vigorously until all of the solid material had dissolved.
To this solution was added the appropriate tetraalkylammonium
bromide (0.005 mole) and then the solvent was removed under
vacuum, leaving white needles of the product. The products
were recrystallized from acetone-alcohol (1:1); yields ~ 95%.

(C5H5)4ASTII4 and (C4Hg)4NTII4.—TO a solution of (C5H5)4-
AsTICl (0.73 g., 0.001 mole) or (C4H,)NTICl; (0.59 g., 0.001
mole) in acetone (10 ml.) was added 2 solution of sodium iodide
(0.6 g., 0.004 mole) in water (5 ml.). The solution immediately
became red-orange in color. The solvent was then removed
under vacuum. The residual red-orange solid was washed with
water and alcohol and recrystallized from acetone-ether (1:1)
as needles; yields: 1.0 g. of (CeH;)AsTIL:, 93%; 0.86 g. of
(CsH)aNTII,, 909,

(CeH;s)sCH;AsTII,.—Chlorine was passed through a suspension
of thallous chloride (1.2 g., 0.005 mole) in water (20 ml.) for 30
min. The excess chlorine was then removed in a fast stream of
nitrogen and a solution of sodium iodide (2.25 g., 0.015 mole)
and triphenylmethylarsonium iodide (2.24 g., 0.005 muole) in
acetone-water (1:1) (20 ml.) added. The solution immediately
became red-orange in color. The solvent was partially removed
under vacuum when bright red-orange needles separated. The
product was separated by filtration, washed with water and a
little alcohol, and recrystallized from acetone; yield 4.2 g. 829%.

TICl;-2(CH;),SO.—Chlorine was passed through a suspension
of thallous chloride (1.2 g., 0.005 mole) in acetonitrile (30 ml.)
for 30 min. The solvent and excess chlorine were then removed
under vacuum, and the residual white solid was redissolved in
dimethyl sulfoxide (10 ml.). The solvent was partially removed
under vacuum at 25° and excess carbon tetrachloride added (100
ml.). On standing for 48 hr., a white solid separated. The
product was removed by filtration and recrystallized from ace-
tone; yield 1.5 g., 63%.

TI1Cl;-2(CeH; )sPO.—Triphenylphosphine oxide (2.8 g., 0.01
mole) in alcohol (20 ml.) was added to a freshly prepared solution
of thallic chloride (1.55 g., 0.005 mole) in acetonitrile (80 ml.).
On standing for 15 min., a white solid separated. The product
was removed by filtration and was recrystallized from alcohol~
water (1:1); yield 2.9 g., 67%.

T1Br3;-2(Ce¢H;);PO.—This compound was prepared by essen-
tially the same procedure as that for TICl; 2(CsHs)sPO.

T1I3-3( CeH5)sPO.—(1) Sodium iodide (0.28 g., 0.002 miole) in
water (3 ml.) was added dropwise with stirring to a solution of
T1Br;-2(Ce¢H ;PO (0.5 g., 0.0005 mole) in acetone (10 ml.).
The solution instantly became orange-yellow in color. The
solvent was removed under vacuum when an orange-yellow solid
precipitated. The product was separated by filtration and
recrystallized from acetone.
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TABLE I

ANALYTICAL DATA AND OTHER PROPERTIES OF SOME TETRAHALOTHALLIUM(III) CoMPOUNDS

Compound Color M.p., °C.
[(CsHs)4As] [TICL] White 146-147
[(n-C4Hg)sN] [TICL,] White 115-116
[(CeH5 )N} [TICL] White 253-254
[(CH;):N] [TI1CL4] White >300
[(5-C4H)N] [T1Br,] White 127-128
[(CeH;5)N]{T1Br,] White 254-259
[(CH;).N] [T1Br,] Cream 247-249
[(CeHs)sAs] [T1L] Red-orange 142-143
[(CeH;);CHsAs] [T11,] Red-orange 141-142
[(n-CH,)uN] [TiL] VYellow-orange 117-118

¢ In acetonitrile.

(2) Sodium iodide (2.25 g., 0.015 mole) and triphenylphosphine
oxide (2.8 g., 0.010 mole) in water—ethanol (1:10) (20 ml.) were
added dropwise with stirring to a freshly prepared solution of
thallic chloride (1.55 g., 0.005 mole) in acetonitrile (30 ml.).
The solution immediately became orange-yellow in color. The
solvent was removed under vacuum when orange-yellow T1I3-3-
(Ce¢H;)sPO separated; yield 2.4 g., 27%,.

TIC!;-:2C;H;N.—Excess pyridine (10 ml.) was added to a
freshly prepared solution of thallic chloride (1.55 g., 0.005 mole)
in water (20 ml.). A white solid instantly separated. The
product was separated by filtration, washed with ether, and
recrystallized from alcohol-acetone (1:1); yield 1.83 g., 78%.

TI[(C.H;):NCS;]5.—A solution of sodium diethyldithiocarbam-
ate trihydrate (3.38 g., 0.015 mole) was added, dropwise with
stirring, to a solution of thallic chloride (1.5 g., 0.005 mole) in
acetonitrile (30 ml.). A bright yellow crystalline solid imme-
diately precipitated. The product was separated by filtration,
washed with several portions of water, and recrystallized from
acetone; yield 2.66 g., 82%.

Electrolytic Conductances.—These were measured with a
standard, commercial Wheatstone bridge. Solvents were of
spectroscopic grade and the solutions were all approximately
1073 M.

X-Ray Diffraction Data.—Powder patterns were recorded using
a General Electric rotating sample camera with Cu Ke radiation.
Single crystal photographs used to determine crystal classes and
unit cell dimensions were taken with Cu K« radiation by the
oscillation and Weissenberg methods.

Molecular Weights.—These were measured cryoscopically in
sulfolane (tetramethylene sulfone) using the reported freezing
point depression constant.?

Results

Salts of the [T1X,}~ Ions.—As shown in the Experi-
mental section, salts, MTIX,, of the tetrahalothallate-
(III) ions with a variety of cations are easily prepared,
usually in yields exceeding 909, by using approximately
stoichiometric quantities of MX and TIXj;, or by halo-
gen exchange in nonaqueous media such as acetonitrile.
Table I lists all the new tetrahalothallate compounds
prepared and gives analytical and some other useful
data for them. The salts of [TICl]— are all white,
those of [T1Br,]~ are white or cream, while those of
[T1I,]~ are red-orange or yellow-orange. Nearly all
the compounds prepared here were obtained as well-de-
fined needle crystals, readily soluble in acetonitrile,
nitromethane, and acetone, but nearly insoluble in
ethanol and quite insoluble in water, ether, and ben-
zene. The formulations of all these compounds as uni-

(9) R. L. Burwell, Jr., and C. H. Langford, J. Am. Chem. Soc., 81, 3799
(1959).

Am,®

ohm -1

—~C, Y% — -~—H, 9% — —Halogen, p— —~——N, % — cm,?

Found Caled. Found Caled. Found Caled. Found Calcd, mole=!
39.2 39.49 2.7 2.74 19.7 19.47 ... 146
32.7 32.60 6.09 6.11 24.2 24.11 2.40 2.38 148
20.4 20.19 4.29 4.21 29.7 20.8 3.05 2.94 157
11.6 11.42 3.05 2.8 33.8 33.78 3.59 3.33 170
25.2 25.05 4.74 4.70 1.84 1.79 141
14.8 14.68 3.05 3.06 2.30 2.14 153
8.80 8.03 2.30 2.01 2.48 2.34 170
27.2 26.29 1.97 1.83 140
22.7 22.08 1.89 1.74 131
20.4 20.17 3.91 3.78 1.62 1.47 166

univalent electrolytes is substantiated by their molar
electrolytic conductances in CH;CN, which are in the
range 130~170 ohm~' cm.? mole~!. For the estab-
lished, similar 1:1 electrolyte [(CeHj)sAs][FeCls],® we
find a value of 150 ohm ! cm.2 mole—!, while for the 1:2
electrolytes, [As(Ce¢H;):]2[NiCly] and [N(CHj)4]:[Co-
ClL], we have found values of 302 and 294 ohm™! cm.?
mole %, respectively, for ~10—3 M solutions in CH;CN.

By means of X-ray studies, some structural features
of the [T1X,]~ complexes have been determined. Per-
haps most significant is the demonstration that [(Cs-
H;).As][TICL] is isomorphous with [(C¢Hs)sAs][FeCly],
since the latter is known, on the basis of a complete
single crystal X-ray structure determination,® to contain
tetrahedral [FeCl]~ ions. It is therefore extremely
likely that the thallium compound contains tetrahedral
[TICL]— ions.

From an oscillation photograph and Weissenberg
photographs of the £k0 and %%1 layers, the crystal was
found to be tetragonal with dimensionsa = 13.3 =+ 0.1
and ¢ = 7.19 =+ 0.05 A. and reflections with & + & + [
% 21 were systematically absent. The dimensions cor-
respond very closely to those for [(Ce¢Hj):As][FeCly],
viz.,, @ = 13.16 and ¢ = 7.15 A., and the systematic
absernce is the same as for the iron compound. Asa fur-
ther check, a powder pattern for [(C¢H;)1As][TICl] was
recorded and, as shown in Table II, all observed lines
(out to a distance where they become so closely spaced
as to be of little significance) can be satisfactorily in-
dexed using the above cell dimensions and without
violating the condition for systematic absences.

In addition, it has been shown that the two [(#-Cs-
H,).N][TIX,] compounds, with X Cl and Br, are
isomorphous. From oscillation and precession photo-
graphs, it was found that the bromo compound crystal-
lizes in the orthorhombic system, with unit cell dimen-
sions, @ 18.52, b = 11.91, and ¢ 11.74 A. The
following systematic extinctions were observed: for
hk0, h % 2n, for Okl, & + | 5% 2n, for ROl h + | = 2m.
From these, the space group is uniquely identified
as Pnna (No. 52). A rough density measurement, by
flotation in iodoethane, gave 1.93 = 0.05 g. cm.™ %,
which indicates that there are four formula units per
unit cell (calculated density 1.93 g. cm.~?%).

(10) B. Zaslow and R. E. Rundle, J. Phys. Chem., 61, 490 (1957).
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TaBLE II
X-Rav Powper Data® rFor {CsH;).AsTICl,
h k g I¢ dobsd dcalcdb h k I 7 dobsd dealed
1 1 0 w 9.40 9.40 3 3 2] 2.36
w 2.36

2 0 0 s 6.66 6.66 1 0 3\ 12.36
1 0 1 s 6.33 6.33 4 4 0 0 2.35
2 2 0 vw 4.72 4.70 5 2 1 w 2.34 2.34
1 2 1 vs 4.58 4.58 4 2 2) {2.29
3 1 0 w 4.20 4.20 5 3 of "% 2:29 o8
3 0 1 w 3.77 3.7 2 1 3 w 2.22 2.22
0 0 2 0 3.59 6 0 0 0 2.21
1 1 2 vw 3.36 3.36 5 1 2} -, 9 11 {2.11
4 0 0 0 3.32 3 0 3 ' 12.11
3 2 1 m 3.28 3.27 6 2 0 0 2.10
2 0 2 w 3.16 3.16 6 1 1 m 2.09 2.09
3 3 0 0 3.14 3 2 3 w 2.01 2.01
4 2 0 2.98 5 4 1 w 2.00 2.00
4 1 1} m, br 2.95 {2.94 4 4 2 vvw 1.96 1.97
2 2 2 w 2.86 2.86 5 3 2] . §1.93

- . m 1.93 .
3 1 2 ms 2.74 2.74 4 1 34 11.93
5 1 0 vVw 2.61 2.61
5 0 1 2.49
4 3 1} m 2.49 J(2.49
4 0 2 0 2.44

o The body of the table lists all possible lines to a d value of 1.93.

In addition to those lines listed the following weak ones were also

found at still lower d values; possible indices for them are given in parentheses: 1.77 (503, 433), 1.75 (730), 1.72 (523), 1.67 (712, 552,
800), 1.61 (820, 811, 741), 1.57 (732, 543, 660). ° Indices and de.ica values based on tetragonal cell with ¢ = 13.30,¢ = 7.19 A, ¢ Rela-
tive intensities, visually estimated: v, very; s, strong; m, medium; w, weak; br, broad.

With these data, a powder photograph of [(#-CiH,),-
N][T1Br4] was completely indexed (Table III). It was
then possible to index completely (Table I1I) a powder
photograph of [(n-CiHg):N][TIClL], using the same
space group with unit cell dimensions, ¢ = 18.25, b =
11.63, ¢ = 11.40 A. (The actua! accuracy of these di-
mensions is probably only £0.1A.)  [(#-CiHy)N][TII4]
does not appear to be isomorphous with the correspond-
ing chloro and bromo compounds, and its structure
has not been further investigated.

Complexes with Neutral Ligands.——Those prepared
are listed in Table IV together with analytical figures
and some other characteristics. Many were obtained
by addition of the neutral ligand to the appropriate
thallium (II1) halide in a nonaqueous medium, but for
the pyridine compound the solvent was water.

From its formula and virtual lack of electrolytic
conductance in CH3CN, the tris(diethyldithiocarbam-
ato) compound appears to be a trichelate, octahedral
complex, quite similar to those formed by many tri-
valent transition metal ions.!!

Compounds of TI(III) chloride with pyridine have
long been known. Both Meyer? and Renz! reported
the preparation of TICl3(CsHsN); by reaction of pyri-
dine with aqueous thallic chloride. More recently,
however, Kul’ba and co-workers8 have claimed that the
product of this reaction is in fact TICl(CsHsN): and
they have suggested on the basis of conductance data
that it has an ionic structure such as [TI{C;H;N).Cl -
[TIC4] or [TI(CsHsN),Cl,]Cl. We have confirmed the
stoichiometry found by Kul'ba, et al.; TICL(CsH:N),
is the only product we have obtained from this reac-
tion. Moreover, the conductance, measured in aceto-

(11) See, for example, F. A. Cotton and J. A, McCleverty, Inorg. Chem., 8,
1398 (1964), and prior references therein.

nitrile, also indicates that the compound may be ionic.
The molar conductance of 107 ohm— cm.? mole~! is
somewhat low for the formula [TI1(C;H;N).Cl,]Cl (f.
the range 130-170 ohm ! cm.? mole™! for the 1:1 elec-
trolytes, M[TIX,]) but a little high for the formula
[TI(C:H;N).CL;[[TICl:], since on this basis the molar
conductance is 214 ohm~! cm.? mole=!. Thus, like
Kul'ba, et al., we believe that the correct formula might
be either of these two.

For comparison, we have also examined the com-
pound TICl;(phen), where phen represents 1,10-phen-
anthroline. This has been previously prepared by
Sutton® and Kul'ba, ef ¢l8 We find that an approxi-
mately 10—3 M/ solution in acetonitrile has a molar con-
ductance of 52 ohm—* cm.?mole ! for the formula TICl;-
(phen) or twice that for a dimer. The latter value, 104
ohm~* c¢cm.? mole™!, is only a little bit low for the ionic
formula [Tl(phen),CL][TICl;], whereas the former
value is only about one-third of that which would be
expected for [Tl(phen)Cl;]CL

Trichlorobis(dimethyl sulfoxide)thallium (111), TICl;-
(DMSO0);, may be an authentic five-coordinate TI(III)
complex, but this is far from certain. Thus, the molar
conductance in acetonitrile (Table I1V) indicates neg-
ligible ionic dissociation and the molecular weight
measured cryoscopically in sulfolane is 467 compared to
469 calculated for TICL(DMSO),. The compound
dissolves readily in a number of donor solvents, e.g.,
ethanol, acetonitrile, acetone, dimethyl sulfoxide, and
nitromethane, giving stable, colorless solutions, but it is
quite insoluble in a variety of nondonor solvents, e.g.,
carbon tetrachloride, chloroform, benzene, and aliphatic
hydrocarbons. Thus, while dissociation to give a four-
coordinate species in solution can be ruled out, it is pos-
sible, and perhaps even likely, that the species in solu-
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TasLe III
X-Ray PowDER DaTa FoORr [(1-CH,)N] [TIX,] Compounps wite X = Cl and Br
X = Cl X = Br
h k la'b I¢ dobsd dcalodcl 1° dobsd dealed
1 0 1 vs 9.80 9.67 vs 9.99. 9.91
2 0 0 w 9.07 9.13 w 9.33 9.25
1 1 1 vs 7.36 7.43 vs 7.67 7.62
2 1 0 mw 7.15 7.18 mw 7.34 7.31
2 1 1 0 6.07 vvw 6.22 6.20
0 2 0 vs 5.79 5.81 m 5.93 5.95
3 0 1 s 5.33 5.37 w 5.48 5.46
1 2 1 0 4.98 vw 5.10 5.10 .
1 1 2 w 4.94 4.93 0 5.06
2 2 0 0 4.90 vw 5.02 5.01
2 0 2 w 4.82 4.83 0 4.96
4 0 0 vw 4.59 4.56 0 4.63
2 2 1 m 4,51 4.50 0 4.60
2 1 2 0 4.46 mw 4.58 4.58
4 1 0 w 4.24 4.95 vvw 4.34 4.31
0 2 2 vw 4.06 4.07 vVvw 4.18 4.18
4 1 1 s 3.98 3.98 s 4.04 4.05
1 0 3% w 3 79 %3.72 vw 3.83 3.83
2 2 2 ’ 3.72 0 3.81
0 3 1 0 {3.67 vw 3.76 3.76
4 2 0 0 3.59 vw 3.66 3.65
4 0 2 3.56 3.63
2 3 0} m 3.56 {3.57 0 {3.65
i f ;} - 3.40 %g:ig m 3.48 %g:g
2 1 3 vw 3.35 3.36 0 3.45
1 2 3 3.13 3.22
3 3 1}( 0 {3.14 w 8.22 %3.21
3 1 3 vw 3.11 3.11 0 3.18
‘; § ;} v 3.03 gg:gg v 3.11 gg:ig
5 2 1 2.98 3.04
5 1 2} 0 {2.97 vvw 8.08 %3.02
6 1 0 vvw 2.94 2.94 0 2.99
3 3 2 2.84 2.90
4 1 3% vw 2.83 32.83 vw 2.90 32.90
6 1 1 2.85 2.90

@ Indices and dea10q values for Cl compound based on orthorhombic cell with ¢ = 18.26, b = 11.63, and ¢ = 11.40 A.
deatea values for Br compound based on orthorhombic cell with ¢ = 18.52, 5 = 11.91, and ¢ = 11.74 A.

estimated: v, very; s, strong; m, medium; w, weak.

b Indices and
¢ Relative intensities, visually

TABLE IV
AnavvricAL Data AND OTHER PROPERTIES OF SoME TI(III) CoMPoUNDS WiTH NEUTRAL LIGANDS

Compound Color M.p., °C. Found
TICl;-2(CH;3),SO White 102 10.42
TIBr; - 2(CeH;5)sPO White 186 42 .59
T1I;-3(CeH;)sPO Yellow-orange 234-236 46.30
T1I;-2(CeH;)sPO? e L Ces
T1Cl;- 2CH;N White 160-162 26.41
Tlcla . CquNz White 303 dec. 29.89
T1[(C.H;):NCS;,]s Yellow 192 dec. 27.92

C, %

AM,

— ~——H, %-———  ~——Halogen, %—~ ohm = cm.?mole 1
Caled. Found Caled. Found Caled. CH:CN CH3;NO:
10.38 2.61 2.57 22.78 22 .80 21.6
49.77 3.41 3.46 12.36 12.27 20.3
43.28 3.05 3.01 24 .53 23.97 44 .0
45.63 3.32 3.17 28.12 26.80 106 72
38.74 2.63 33.38 .

25.60 2.25 2.13 21.69 21.59 97.0
29.34 1.69 1.63 20.29 21.69 52.0
27.73 4.69 4.62 7.7

¢ Not prepared; analytical figures given for comparison with those for T1I;3(CsH;5)sPO.

tion are six-coordinate molecules, [TICL;(DMSQ).(sol-
vent)]. As for the solid compound, the possibility of
chlorine atom bridging to give a dimer in which each
thallium atom has a coordination number of six cannot
be ruled out on any evidence presently at hand. Prob-
ably only by X-ray structural work can the presence
of five-coordinate monomers in the solid be proved or
disproved.

The coordination of the DMSO to thallivun through
the oxygen is demonstrated by the infrared spectrum!?
of the solid, which shows the SO stretching mode shifted
down to 930 cm.—*. This may be compared particu-
larly with the frequency of 933 cm.~! found for FeCl;-

(12) F. A. Cotton, R. Francis, and W. D, Horrocks, J. Phys. Chem., 64,
1534 (1960).
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(DMSO0),, but it is typical for complexes containing
O-coordinated DMSO.1?

The preparation in analytical purity of TICL[(Ce-
H;),PO); has been reported before!® but the compound
was not further characterized. The molecular weight,
measured cryoscopically in sulfolane, indicates that
the compound is monomeric and undissociated in this
solvent (found 908, calculated for monomer 868). In
benzene, however, there is some dissociation since the
molecular weight measured by vapor phase osmometry
is only 642. Like the DMSO compound, this one also
has a low conductivity in CH;CN, indicating only slight
ionic dissociation. Unlike the DM SO compound, how-
ever, it is soluble in benzene. It is also soluble in ace-
tone and acetonitrile but insoluble in ether and alkanes.
The infrared spectrum of the solid shows a lowering of
the PO stretching band by ~20 cm.—!, which is the
characteristic result!'* of coordination of a phosphine
oxide.

Tribromobis(triphenylphosphine oxide)thallium (IIT),
TI1Br;[(CeH;)sPOJs, is somewhat different from the
analogous chloro derivative. Itis generally less soluble
in organic media and it is highly dissociated in
acetone and tetrahydrofuran. In both of these sol-
vents, the molecular weight measured by vapor phase
osmometry was 380 compared to 1000 for TIBrs-2-
(CeH;3):PO. Tt also shows a conductance in acetoni-
trile which is more than twice that of the chloro com-
pound. While this conductance is below the range for
a 1:1 electrolyte, even if the compound is formulated as
{Tl[(CeH5)3PO]4Br2} [TIBr], it indicates appreciable
ionic dissociation of some kind in CH3CN.

Attempts to prepare TII;[(CeHs)sPOJ: were unsuc-
cessful, the product being, instead, TII;[(CeH;);PO]s.
This compound has molar conductances of 106 ohm—*
cm.?mole~!in acetonitrile and 72 ohm ™! cm.? mole—! in
nitromethane. Both of these values are close to those
typicalof1:1electrolytes®onthe basisof a dimeric molec-
ular formula, {T1[(CeHs)sPOldd,}{ T1[(CeHs)sPOLL:} .

Discussion

Published data providing definitive structural in-
formation on thallium(IIT) complexes is very limited.
The binuclear complex occurring in CssTLCly was de-
scribed by Hoard and Goldstein.' Hexahalothallate-
(TII1) ions with octahedral structures have been found in
KaTlCle ' 2H20,17 RbaTlBre' 8/7]:‘120,17 [CO(NHa)e]Tl-
Clg,'® and [Co(NH;)s]T1Brg,® and the octahedral [TI-
ClsH,O ]2~ ion has been found in the cesium salt.!®* A
tetrahedral tetrabromothallate(III) ion has recently

{13) M. J. Frazer, W. Gerrard, and R, Twaits, J. Inorg. Nucl, Chemn., 28,
637 (1963).

(14) F. A. Cotton, R. Barnes, and E. Bannister, J. Chem. Soc., 2199
(1960).

(15) For nitromethane the range is 80-100 ohm -! cm.? at 20-25°. Cf.
C. M. Harris, and T. N. Lockyer, J. Chem. Soc., 3083 (1959); XN. S. Gill and
R. 8. Nyholm, 1bid., 3997 (1959); J. E. Fergusson and R. 8. Nyholm, Inter-
national Conference on Coordination Chemistry, I.ondon, 1959, Paper No.
62.

(16) J. L. Hoard and L. Goldstein, J. Chem. Phys., 8, 199 (1935).

(17) J. L. Hoard aud L. Goldstein, 7bid., 3, 645 (1935).

(18) T. Watanabe, M, Atoji, and C. Okazaki, Acta Crysi., 3, 405 (1950).

(19) T. Watanabe and M. Atoji, J. Am. Chem. Soc., T2, 3819 (1950).
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been shown® to exist in TIBry(T1'"T1" Br,). Finally,
it has been stated'®'%?! that CsTIBrs contains square
[T1Btr.]~ ions and that structural studies have been
made of (NH,)TIBrs-2H,O, KTI1Br,-2H;0, RbTIBr,-
HQO, KTII42HQO. RbT1I42Hf_>O, and CSTII4, with at
least one of them having been found to contain an octa-
hedral frans-[T1Bry(H:0),]~ ion.

There appears to have been no comprehensive study
of the preparation of salts of halothallate(111) ions re-
ported since the investigation of Meyer?; his work, how-
ever, was limited entirely to aqueous media. Meyer
found that from an aqueous solution of TICl; to which
<3 moles of KClwas added, the only erystalline product
was K,TICl;-2H,0. This probably contains the [Tl-
Cl;(H;0) 12~ ion found® in Cs,TICl;- H,O, which, how-
ever, is obtained® by evaporating an aqueous solution
of CsCl and TICl; in a mole ratio of 10:1. Meyer fur-
ther found that when the mole ratio KCIl:TICl; was
3 3 the compound obtained was always K;T1Cls- 2H,0,
which contains? the [TIC]*~ ion. With an excess of
NH.C], however, he obtained (NH.);TICl;, With ex-
cess KBr, he obtained KTIBrs- 2H,0, while with only 1
mole of KBr per mole of T1Br; he obtained KT1Brs- H,O.
It is for these last two compounds that square-planar
T1Br4 groups have been claimed.?!

When the results outlined above are taken in con-
junction with the observation? that TIX,"*3 species
with # > 4 apparently do not exist in equilibrium in
aqueous solution, it seems evident that the nature of
the compounds obtained from aqueous solution is de-
termined by complicated heterogeneous equilibria and
perhaps by certain kinetic factors, with these depending
inter alia upon cation size. It was with these considera-
tions in mind that the present studies were carried out
largely in nonaqueous media, using relatively large
quaternary cations. Our hope of thus finding some-
what simpler and more regular behavior has been ful-
filled. Perhaps the most striking result is the preva-
lence of simple M [TIX4] type compounds, in contrast to
the virtual absence of such compounds among the
products which have been obtained from aqueous sys-
tems.

The present study shows, first, that compounds of the
stoichiometry M[TIX,], where M is a large quaternary
amimonium or arsonium cation, are easy to prepare in
pure, crystalline form, and that such compounds are
1:1 electrolytes in CH3;CN. No compounds of this
class appear to have been reported prior to this. For
the particular case of [(CeHs)sAs][TICl], it has been
shown that the tetrachlorothallate ion is tetrahedral.
The compounds [(#-C4Hg)N][TI1X4] with X = Clor Br
are isomorphous and presumably isostructural, but
there is no evidence regarding the symmetry ol the
[T1X,]~ ions in these compounds. While it would seem
likely that they are tetrahedral, the possibility that in
some compounds the [TIX,]~ ions may be planar can-
not be ruled out in view of the claim?' that the [TI-

(20) A. C. Hazell, J. Cheimn. Soc., 3459 (1963).

(21) T. Watanabe, Y. Sarto, R. Shiono, and M. Atoji, Abstracts, First

Congress of the International Union of Crystallography, 1948, p. 30; see
also Struciure Rept., 11, 393 (1947-48).
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Bry]~ ion is planar in CsT1Br,. It appears that a rein-
vestigation of the structure of Cs[T1Br.] as well as com-
plete structural studies of one or more of the other
M[TIX,] compounds would be worthwhile.

The M |[T11,] compounds are of particular interest in
connection with the question?? of the nature of TII;.
Sharpe?? has proposed that, while TII; itself probably
contains TI* and I3~ ions, in the presence of excess I~
the thallium is in fact TI(III), the trivalent state being
stabilized by complexation to form [TII4]—. While
there were some very old equilibrium data to indicate a
large equilibrium constant for the reaction

T+ 4+ 41~ = [TIL]~

in aqueous solution, there has not, heretofore, been
any direct proof of the existence of the [TII4]~ ion.
The actual isolation of salts of this ion tends to substan-
tiate Sharpe’s view that the over-all reaction

Ti(s) + I~ = [T}~

actually occurs.

The group of compounds of the TI(III) halides with
the neutral ligands, dimethyl sulfoxide, triphenylphos-
phine oxide, pyridine, and 1,10-phenanthroline, pose
some interesting problems in the assignment of struc-
ture. Unambiguous conclusions on the basis of the
usual simple physical measurements are elusive, if not
unattainable for several of them. With the exception
of TII;[(CeH;)sPO]Js, they are all of the stoichiometric
type TIX;L,, where L represents a unidentate ligand
or half of a bidentate one.

In general, five structural possibilities, I-V, appear
reasonably plausible for these compounds. It should
be kept in mind in the following discussion that conclu-

TIX;Ls [TIL:X,]X
I. Five-coordinate monomer II. Ionic monomer

XL, Tl TIX.L, [TIL X2 [T1X,]
X
ITI. Six-coordinate dimer IV. Ionic dimer
' X L =
I/
—Tl—X-
/]
L X dp

V. Infinite chain, six-coordinate

(22) A. G. Sharpe, J. Chem. Soc., 2165 (1952).
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sions regarding structures which occur in solvents such
as sulfolane, acetonitrile, benzene, or nitromethane do
not necessarily apply to the structures of the solid com-
pounds.

For the compounds TIX3(CsH;N), and TICL(phen),
there seems little doubt that they have completely, or
nearly completely, ionic structures in solution; for the
former, either type II or 1V, and for the phenanthroline
compound, most likely type IV structures are suggested
by conductance data.

For the compounds in which L represents DMSO or
triphenylphosphine oxide, on the other hand, an essen-
tially nonionic, monomeric structure, is indicated. This
could be a genuine five-coordinate structure, type I,
but might also be a six-coordinate, monomeric struc-
ture resulting from solvent coordination, namely, [TI-
XsLa(solvent)]. Thereis also the possibility that in the
solid there might be a six-coordinate dimer, III, or a
chain polymer, V, which dissociates, either owing di-
rectly to the formation of [TIX;Ls(solvent)] species,
or independently of this. For TICl3(DMSO), the
solubility properties seem to indicate that the monomer
in solution is [TICL(DMSO).(solvent)]. There is
little previous information to draw upon for comparison
in this respect. There is a recent, brief report that the
compound (C¢Fs):TI1Br(dipy), dipy being 1,1’-dipyr-
idyl, exists mainly as a monomer, possibly a genuine
five-coordinate species of type I, in several solvents.?
Direct evidence (i.e., via X-ray diffraction) for five-
coordination in compounds of TI(III) or isoelectronic
ones seems limited to that for (CHj)sIn,?* which is
rather atypical, and (CHj3);SnCI(CsH;N),% in which a
trigonal bipyramid was found.

Finally, the structures of the compounds TI1Br;-
[(CeHs)sPOJ: and TII5[(CeH;);PO]; remain quite un-
certain on the available data.

In conclusion, the results of this study and data al-
ready in the literature suggest that the stereochemistry
of thallium(III) is probably varied and complicated
and certainly, at present, very incompletely under-
stood. The need for X-ray structural work is in many
instances quite evident.
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