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solutions. The equilibrium constant for the dimeriza-
tion process 2(CH;),Ga(OH)(OH,;) = (CHj);Ga(OH),-
Ga(CH;y), + 2H,0 is log Kq = log (*8s/*812) =
2.57 = 0.02. This value is rather typical for such
dimerization processes which generally have equilib-
riutn constants of ca. 10® and which appear to be
relatively insensitive to the charge on the dimerizing
species. The corresponding value for 2(CHj3),SnOH *+-
(aq) = (CH3)2SH(OH)QSH(CH3)22+(3CD 18 IOg Kd =
2.48 % 0.02.14.19

The high stability of these binuclear (2:2) dimethyl-
gold and -gallium(III) complexes in solution is sur-
prising. If they have the di-u-hydroxo-bridged struc-
tures I and II, normal metal-oxygen bond lengths

(I (ID)

wotild lead to short metal-metal distances. Indeed,
it is on this basis that the formation of the tetrameric
hydroxides observed in the solid state is rationalized.
Dimethylgallium chloride, bromide, and iodide are
all dimeric molecules,® while the fluoride has been
found in tri-?! and tetrameric forms.**

Oxygen-bridged species with structures analogous
to that suggested for the dimeric hydroxide have been
proposed for both trimethylsiloxydimethylgallium (I1T)2
and trimethylsiloxydimethylgold(III)2¢ which are

(19) R. 8. Tobias and M. Vasuda, J. Phys. Chem., 68, 1820 (1964).

(20) G. E. Coates, M. L. H. Green, and K. Wade, “Organometallic Com-
pounds,” Vol. 1, 3rd ed, Methuen and Co. Ltd., London, 1967, p 355,

(21) H. Schmidbauer, J. Weidlein, H.-F. Klein, and K. Eiglmeier, Chem.
Ber., 101, 2268 (1968). )

(22) H. Schmidbaur and H.-F. Klein, 77d., 101, 2278 (1968).

(23) H. Schmidbaur, Angew. Chem., TT, 169 (1965).

(24) H. Schmidbaur and M. Bergfeld, Inorg. Chem., §, 2069 (1966).

Notes

Inorganic Chemistry

dimeric in orgartic solvents. In thie case of trimethyl-
siloxydimethylaluminum (I1I), the presence of the four-
membered ring has been verified by an X-ray
structure determination.?® With dimethylgallitm hy-
droxide, it appears that the enthalpy change for polym-
erization—-depolymerization is small, so that the par-
ticular molécular form isolated in the solid will be
influenced by packing considerations in the crystal.
The absence in aqueous solution of larger polymers
such as the tetramers is not surprising, for their solu-
bility should be very low.

The particular stability of the uncharged hydroxo
complex is emphasized in both the (CHj),Galll and
(CHs)Aul! cases by the fact that the n(log [Ht])
curves approach # = 1 asymptotically. Only at much
higher pH values will the solid hydroxides [(CHj),-
AuOH], and [(CHj;),GaOH], dissolve to give aniomnic
species.

Coordination of two methyl groups to Ga(IlI) has
several important effects. First, it is likely that the
coordination number for gallium changes from the
value of 6 which is known to be the hydration number
of Ga®t to 4 (two CH;, two Hy0). Second, the rate
of exchange of bound and bulk water is greatly in-
creased by the presence of the two methyl groups.
Finally, the acidity is greatly reduced. Solutions of
Ga?®* are highly hydrolyzed and equilibria are attained
only very slowly.?
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During a general investigation of the extraction
of the group VIII metals as anionic complexes by
long-chain quaternary ammonium compounds,! the
extraction of rhodium(III) from an aqueous chloride
solution was attempted. Since excess chloride ion
was present, the anticipated extracted species was

(1) M. L. Good and 8. C. Srivastava, J. Inorg. Nucl. Chem., 87, 2429
(1965), and references cited therein,

hexachlororhodate(III); however the observed visible
spectrum was unlike that reported for this species
or any other octahedral aquochloro complex reported
by Kleinberg and coworkers.? In an attempt to
identify the extracted species, several solid, short-chain
quaternary ammonium chloride-rhodium(III) chlo-
ride compounds were prepared. The subsequent in-
vestigation yielded the results reported here.

Experimental Section

Extraction.—Aqueous solutions of either sodium hexachloro-
rhodate(I111) or rhodium trichloride trihydrate were extracted
with a benzene solution of ‘‘Aliquat-336.’’* The organic layer
was separated and dried for at least 24 hr over silica gel. Vary-
ing concentrations of all reagents mentioned above were used

(2) W. C. Wolsey, C. A. Reynolds, and J. Kleinberg, Inorg. Chem., 2,
463 (1963).

(3) “Aliquat-336,” subsequently referred to as A-336, is a mixture of
long-chain, Cs~Cig, substituted quaternary ammonium chlorides consisting
mainly of tricaprylylmonomethylammonium chloride obtained from General
Mills.
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and no change in the nature of the resulting extracted species
could be observed. ’

In addition, the same species could be obtained by stirring
either the solid hexachloro salt or the trichloride trihydrate with a
benzene solution of the quaternary chloride. The solution which
resulted after removal of the excess solid was indistinguishable
from the extracted species prepared above.

Compounds. [(C,H;)N]3Rh,Cl, was prepared by the method
described by Fraenkel.* Stoichiometric amounts of tetraethyl-
ammonium chloride and rhodium trichloride trihydrate were dis-
solved in a minimum amount of concentrated hydrochloric acid.

Upon mixing, the product precipitated. Amnal. Caled for
[(CoH3 uN]sRhCly:  Cl,34.9; Rh,22.5. Found: C(l,34.2; Rh,
22.5.

[(C:H;)N]sCr:Cly was prepared as described by Adams.
One gram each of tetraethylammonium chioride and chromium
chloride was stirred in thionyl chloride for 24 hr. The product
precipitated as it was formed. Amnal. Caled for [(CoHs)Nls-
Cr.Cly: Cl, 39.3; Cr, 12.6. Found: Cl, 38.9; Cr, 12.7.

(NH4)3R1’1C]5, Rhcla3Hgo, and Na3RhCIV 12H20 were pui‘-
chased and used without further purification from K & K Labora-
tories, Matthey Bishop, and Matthey Bishop, respectively.

K,RhCl;(H;0) was prepared by the addition of stoichiometric
amounts of rhodium trichloride trihydrate and potassium chloride
to water containing a few drops of hydrochloric acid. Upon
evaporation of excess solvent, the product precipitated. The
purity of the product was ascertained by comparison of its ligand
field spectrum with that reported in the literature.?

Electronic Spectral Measurements.—The visible spectra of
both the extract and the solids were recorded on a Perkin-Elmer
Model 450 spectrophotometer. The spectra of the solids were
obtained on filter paper as Nujol mulls and the solution spectra
were obtained in matclied quartz cells of l-cm path length.
Benzene solutions of about 103 M [A-336]:Rh;Cly were used to
obtain the molar absorptivities reported.

Infrared Spectral Measurements.—The far-infrared spectra of
both the extract and the solids were taken in the region 400-150
cm™! on a Beckman IR-11 far-infrared spectrophotometer. The
solids were run as Nujol mulls between polyethylene plates and
the extracts were placed in a 2-mm polyethylene cell.

X-Ray Analysis.—X-Ray powder diffraction photographs were
taken of finely powdered samples mounted in thin-walled 0.3-mm
Pyrex capillaries using a 11.5-cm Debye—Scherrer camera with Ni-
filtered Cu Ka radiation (A 1.5418 4).

Results and Discussion

The observed absorption maxima of thé ligand field
spectra along with the appropriate molar absorptivities
for pertinent solutions and solids are listed in Table
1. A comparison of the electronic spectra of the ex-
tracted species with those reported by Kleinberg,
et al.,? indicated that the extracted species was not a
normal octahedral chloroaquo complex of rhodium-
(III). A search of the literature revealed that several
other rhodium-chloro complexes had been previously
prepared using short-chain quaternary ammonium cat-
ions.4

The complex compound tetraethylammonium nona-
chlorodirhodate (IIT), [(C.H;) N ]z:RhCl,, was pre-
pared by the procedure of Fraenkel and the ligand
field spectrum was taken. The resulting spectrum
was indistinguishable from that obtained for the ex-
tracted species in benzene solution. Ivanova, et al.,°
performed a similar extraction using the tetra-n-octyl-

(4) O. v. Fraenkel, Moxnatsh., 88, 119 {1923), and references cited therein,

(5) D. M. Adams, J. Chatt, J, M, Davidson, and J. Gerratt, J. Chem. Soc.,
2189 (1963).

(6) See footnote b, TableI.
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Figure 1.—Infrared spectra of (A) [(C;H;)aN]3[Cr:Cls] in

Nujol mull, (B) [(C.Hs)N]3[Rh:Cls] in Nujol mull, and (C)
(A-336)[Rh:Cls] in benzene solution.

ammonium cation to extract rhodium(III) from water
into nitrobenzene and reported that the stoichiometry
of the extracted species was [(CsHys)sN ]1.5Rh1,0Cly g1
Their reported ligand field spectrum is consistent with
the results presented here in Table I for [(CoHg)4N J5-
Rh,Cl; and the extracted species.

TABLE I
LicanDp FIELD SPECTRAL DATA
i Amax;

_Species mp e Ref Solvent
Rh(H0)s * 311,306  67.4,62.0 ¢ Water
RhCI(H0)s2 * 335,426 50.0,50.4 ¢ Water
RhClL(H:0)4 * 349, 450 49.5,64.9 ¢ Water
¢is-RhCls(H20)3 376,474 93.5,68.3 ¢ Water
trans-RhCls(H20)3 370,471 71.8,77.1 ¢ Water
RhCL{H:0)2~ 385, 488 54.1,72.0 ¢ Water
RhCl;(H20)2 - 402, 507 73.4,72.8 ¢ Water
RhClg®~ 411, 518 93.8,111.5 ¢ Water
RhoCle3— 435, 540° 308.8,98.0 d Benzene
RhaCly3~ 442, 546 . b Nitrobenzene

o Beer’s law was used for qalculation of molar absorptivities.
b A weak absorption maximum reported at 340 mu by Ivanova
was not observed: S. N. Ivanova, L. M. Gindin, and L. Ya.

Mironova, Zh. Neorgan. Khim., 12, 1638 (1967). ¢ See ref 2.
4 This work.
TaBLE 11
FAR-INFRARED SPECTRAL DATa
Species y,cm~1 @ Ref
[(CzH5)4N]3[Cr2C19] (SOlld) 345 S, 319 S, 265 m, b
341s,322s ¢
[(CzH‘r;)zNHz]a[CrzClg] (SOlld) 350 S, br, 322 S, b, d
270 m

[(CzH5)4N]3[Rh2C19] (SOlld)
[NH4]3[RhCls] (sohd)
[A-336]5[Rh;Cly] (extract)
K, [RhCl5(H:0)] (solid)

331s,319s, 277 m
338 s, 326 sh, 205 s
332,322 sh, 276 m
337sh,322s f

= Abbreviations: s, strong; m, medium; sh, shoulder; br,
broad. °* This work. ¢ Reference 5. ¢ P. C. Crouch, G. W. A.
Fowles, and R. A. Walton, J. Chem. Soc., 4, 972 (1969). ¢ A
weak band at 160 cm ~! was observed but not assigned as a vibra-
tion of the complex. / A broad band was observed in the region
~175-110 cm ~! of medium intensity which we do not assign as a
vibrational mode of the complex.

e

oo oo

To obtain structural information about the new
thodium(III) species, the vibrational spectrum was
obtained and compared to the spectra of other possibly
related complexes (see Table II). The far-infrared
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TaBLE 111
X-RAy POwDER PHOTOGRAPHIC DATA
———[(C2eHs)4N }3[Cr2Clo]——— ——~[(C2Hs)sN]3[Rh2Clsg]

-—

d, A Rel intens® d, Rel intens?
11.3 4 11.38 4
9.53 2
8.638 8 8.514 8
8.014 1 7.978 1
5.641 3 5.641 3
4.925 6 4,904 6
4.509 1 4.475 1
4,244 1 4,268 1
4.022 4 3.995 4
3.743 2 3.719 2
3.404 1 3.372 1
3.263 1
3.215 1 3.209 1
3.027 1 3.041 1
2.835 3 2,816 3
2,650 1 2.660 1
2.408 1 2.411 1
2.286 2 2,280 2
2.206 1 2.213 1
2.110 1 2.117 1
1.901 10 1.987 10
1.733 7 1.728 7
1.239 3 1.238 3

@ Relative intensities range 1-10, 10 being most intense.

absorption maxima which were observed in the region
150-400 em~1 for the extracted species and for tetra-
ethylammonium nonachlorodirhodate(III) are the same
within the limit of error of the method. In addition,
the observed spectra cousist of the same number of
bands of the same relative intensity and position as
those of the complex tetraethylammonium nonachloro-
dichromate(IIT). In an early paper by Adams, et al.®
this chromium complex was prepared and the far-
infrared spectrum was taken. These workers observed
only two maxima. The higher frequency band was
assigned as the “‘terminal” chromium-—chlorine stretch-
ing mode and the lower as the “‘bridged” chromium-—
chlorine stretching mode. These assignments were
made on the basis of the X-ray analysis performed
by Wessel and Ijdo” which indicated that the complex
ion consists of two distorted octahedra sharing a face.
Recently, Walton, et «l.,% reported new far-infrared
data which substantiate the results reported here,
These workers observed three distinct bands, an in-
tense doublet and a band of medium intensity of
lower frequency. An ion of the type M,Cly"~ of Dgy
symmetry is expected to have two ‘‘terminal’ stretch-
ing modes and two “‘bridged” stretching modes. How-
ever, only three bands are observed for both the rho-
dium and the chromium complex. In the case of
chromium, the absent band, a ‘‘bridged” stretching
band, is thought either to be obscured by the terminal
stretching bands or to occur at a frequency lower
than 200 em~.% For the rhodium complex, it seems
unlikely that this absent band is below 150 cm™
since the ‘‘bending’”’ mode for RhClg®~ is found at
205 cm~!. The only reasonable alternative is that

(7) G.J. Wesseland D. J. W, Ijdo, Acta Cryst., 10, 466 (1957).
(8) Seeifootnote d, Table IL.
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it is obscured by one of the ‘‘terminal”’ stretching
modes. It should also be noted that no bands are
observed in the ‘“bridged” stretching region (~270
cm™1) for either RhClg®~ or RhCl;(H,0)2—, the other
probable products. In Figure 1 the spectra of the
chromium and rhodium complexes as well as that
of the extract are shown for comparison. Note the
remarkable similarity between the three spectra. The
greater splitting of the doublet for the solid nona-
chlorodirhodate(III) ion as compared to the extracted
species may be attributed to lowering of the symmetry
of the complex ion in the crystal lattice due to its
site symmetry, while in the solution no such restric-
tions are placed on the ion pair formed.

As further evidénce of the structure of this complex
ion, X-ray diffraction powder photographs of the two
compounds, tetraethylammonium nonachlorodirhodate-
(III) and tetraethylammonium nonachlorodichromate-
(I11), were taken. A comparison of the powder pat-
terns indicated that the two compounds were iso-
morphous (see Table IIT).

This information is completely consistent with the
basic structure assigned by Wessel and Ijdo” for Cro-
Cle®~; that is, two pyramidally distorted octahedra
sharing a face.
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under NIH Grant No. GM-08348. The authors wish
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We have previously shown? that zine(Il) «,8,v,6-
tetraphenylporphin (ZnTPP) forms only 1:1 com-
plexes in solution with a variety of substituted pyr-
idine ligands and that their proton magnetic resonance
spectra exhibit exchange-averaged patterns and chem-
ical shifts similar to those of the MgTPP adducts. The
stability constants for the ZnTPP reactions show
both log K—pK, and Hammett-type correlations.

We now report stability constants for the formation

(1) (a) Abstracted from the Ph.D. Thesis of C. H. K., Howard University,
1969. (b) To whom inquiries concerning this work should be addressed.

(2) C. H. Kirksey, P. Hambright, and C. B. Storm, Inorg. Chem., 8, 2141
(1969).



