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Fig. 1.—Infrared spectra of perchlorocarborane and perchloroneo-
carborane (KBr pellet).

TABLE I
1B N.M.R. CHEMICAL SHIFTS OF DECACHLOROCARBORANE,
DECACHLORONEOCARBORANE, AND DERIVATIVES IN P.P.M, FROM
EXTERNAL METHYL BORATE

High- High-
Low- field field
field singlet singlet
Ri Rz singlet {A) (B)

H H 16.8 28.0
CH; H 16.1 27 .4
C.H, H 17.5 27.3 R;C—-CR:
CH, CH; 168 26.9 o/
CGH: CH; 17.8  26.3 BuoClig
Cl Cl 20.0 27.6
H H 21.8 27.3 31.4
CH; CH; 21.3 27.9 R1CB1Cl,CR2

C.H; CoHs 21.5 27.0
Cl Cl 20.6 28.2 ces

pounds consists of two singlets (intensity ratio 2:8),
the cheniical shifts of which are presented in Table I.
While the high-field chemical shifts are nearly identical
in all compounds, the low-field shifts of #-B1ClpCe-
(CHs)a and  m-ByClyCo(CeH;): readily  distinguish
them from the corresponding carborane compounds.
This strongly indicated that during the preparation and
reaction of m-B1,Cl;pC:Li; no reversion to the o-carbo-
rane structure occurs.

Additional evidence for differentiating the perchloro
isomers was gained by examining their far-infrared
spectra up to 30 u (Fig. 1), which clearly differ in the
position and relative intensity of characteristic triplet
absorptions between 17 and 18.3 u. TFinal evidence
was obtained by differential scanning calorimetry,
which showed that 0-B;pCyCli is transformed into
m-B1CoClyx at 380°. At this temperature a distinct
exothermic reaction occurred and the sample recovered
displayed the characteristic m-B1CyCly, absorptions
in the far-infrared.

Although both B n.m.r. shifts of the carborane
derivatives are positioned as expected, in the neo-
carborane series the third peak (singlet B) shown by
m-ByClieCoH, at 31.4 p.p.m. is obviously absent in its
dimethyl, diethyl, and dichloro derivatives. Appar-
ently, substituents other than hydrogen at the carbon
atoms of m-B;ClyCoH, effect the movement of the
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Fig. 2.—Neocarborane skeleton.

high-field singlet B to coincide with the high-field
singlet A, the intensity of which is proportionately
increased. Since two boron atoms (2, 3) (see Fig. 2)
would be primarily influenced by any change occurring
at the carbon atoms, we suspect that the high-field
singlet B at 31.4 p.p.m. in m-B1;ClyCe.He, as well as the
high-field doublet (centered at 32.6 p.p.m.) in neocarbo-
rane,? arise from these atoms.

These observations emphasize the fact that the in-
terpretation of !B n.m.r. spectra of C,C’-substituted
neocarboranes requires further exploration.

Acknowledgment.—We wish to thank Dr. A. P. Gray
for recording the far-infrared spectra and conducting
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Mr. G, D. Vickers for obtaining the B n.m.r. spectra.
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To our knowledge, the literature does not contain
electron spin resonance measurements on a penta-
coordinated compound of copper. The number of
well-substantiated examples of copper in this environ-
ment is small, and the only example where the five
ligands are the same is [Co(NHj;)s]CuCl;.! Unfor-
tunately, this compound is not very useful for e.s.r.
work since it contains 32 molecules in the unit cell.
Furthermore, it is not soluble in solvents convenient to
study the substance in a glass. The structure of NH,-
Cu(NH;)s(ClOy);? has now been shown to be made up of

(1) M. Mori, Y. Saito, and T. Watanabe, Bull. Chem. Soc. Japan, 34,
205 (1961).

(2) M. Buskovska and M. A. Porai-Koshits, Kristallografiye, B, 140
(1960); 6, 381 (1961).
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Fig. 1.—TElectron spin resonance of K Cu(NQ.); in DMF-
ethancl at liguid nitrogen temperature. Magnetic field increases
from left to right; scale: lin. = 144 gauss.

Cu(NHj)s2+ units. Finally, the compounds reported
by Harris, et al.,® by Barclay,* and by Carbridge® con-
tain bulky ligands that may force pentacoordination
upon the ion.

Experimental

Synthesis of K;Cu(NO,);.—Kurtenacker® prepared K;Cu(NG,)s
and also the Rb and Cs salts. On the basis of elemental analysis
he formulated the compound as a monomer. We have prepared
this compound as black-green needles, m.p. 163°. Anal. Caled.:
N, 17.05. Found: N, 17.01. The compound has been char-
acterized further by the following physical measurements.

Optical Spectrum.—A dry methanol solution, made imme-
diately before recording the spectrum in a Cary Model 14 spectro-
photometer, yields a single broad band centered at 14,200 cm. ™,
with a half-width of about 7000 c¢m.™!. This band can be de-
composed into three gaussian components’ centered approxi-
mately at 9700, 12,000, and 17,000 cm. L.

Infrared Spectrum.—Recorded in a Perkin-Elmér Model 21
spectrophotometer using NaCl optics and mull technigues.
The principal bands are at 1350, 1210, and 816 cm. !, which are
probably the s, » stretch and the NO, bend, respectively.
This spectrum has already been described by Gillard and Wilkin-
son? in detail. They also found three weak bands at about 450
cm. ! which they assign to M—NOQO; wagging modes and which will
be discussed below.

X-Ray Diffraction.—Single-crystal X-ray measurements were

(3) C. M. Harris, T. N. Lockyer, and H, Waterman, Najure, 192, 424
(1961).

(4) G. A, Barclay and C. H, L. Kennard, sbid., 192, 425 (1961),

(58) D. E. C, Carbridge and E. G. Cox, J, Chem. Soc., 594 (1956),

(6) A. Kurtenacker, Z. anorg. alligem. Chem., 83, 204 (1913).

(7) R. L. Belford, M. Calvin, and G. Belford, J. Chem. Phys., 26, 1165
(1957). See their spectrum of bis(3-ethylacetylacetonato)copper(II) in
CHOH.

(8) R. D. Gillard and G. Wilkinson, J, Chem. Soc., 5399 (1963).
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made with the aid of Mr. T. Jordan at Professor W. N. Lips-
comb’s Laboratory. Theresultsare in agreement with the recent
unit cell measurements of Ferrari, ef al.?

The results below were obtained from precession and Weissen-
berg oscillation photographs: a = 21.74, b = 18.96, ¢ = 10.87
A.; d(measd.) = 2.46,d (caled.) = 2.43 g./cc.; z = 16. Sys-
tematic absences for 0%/ for £ = 2x and A0l with & + [ = 2x indi-
cate that the probable space group is either Du,(16) or Cov(9),
as was found by Ferrari, et al.?

Susceptibility .—The susceptibility of the compound was meas-
ured in a Gouy balance at 21°. The average magnetic moment
per Cu?t ion for two packings is 1.95 £ 0.04 B.M.,, in good agree-
ment with the results of Gillard and Wilkinson.?

Electron Spin Resonance.—A dry ethanol-DMF solution was
prepared and immediately frozen in liquid N;. The frozen glass
thus obtained gives the e.s.r. spectrum in Fig. 1. The spectrum
was recorded in a Varian 4502 spectrometer using 100 kc./sec.
field modulation. Field positions were obtained from strip
chart recordings, a Harvey-Wells 502 gaussmeter, and a Hewlett-
Packard counter.

The spectrum shows distinetly the two sets of lines expected for
an axial complex. Analysis of the spectrum using the equations
of Kivelson® gives 4 = 183 gauss, B = 38 gauss, g| = 2.30,
and g = 2.04.

Discussion

The average magnetic moment of an axial copper
compound can be calculated from the anisotropic g-
factors and the approximate expression

ATR2

/

3 , \ /s
po= 283 [12/2 (g + 20 )i\
where the high-frequency terms of the correct expres-
sion have been omitted. The result obtained is 1.92
B.M,, in satisfactory agreement with the value meas-
ured with a Gouy balance. This result implies that the
es.r. data taken in the ethanol-DMF glass are rele-
vant to the solid complex, and that the solvent has not
altered the metal complex to any appreciable extent.
The elemental analysis, the infrared spectrum, and
the X-ray measurements indicate that the compound is
anhydrous with a composition K;Cu(NQ,); or a multi-
ple thereof. The absence of a band at 1485 cm. ! sug-
gests!®1? that there are no asymmetric bridging nitrite
groups in the crystal. Certain splittings observed by
Gillard and Wilkinson® have been suggested as evidence
for two types of NO,~ groups, as expected from an
axial complex. However, although no distinction be-
tween trigonal bipyramid or square pyramid was made,
these authors dismiss the possibility of having bridging
nitrite groups; (.., sixfold coordination by polymeri-
zation. They also tentatively assigned the weak vibra-
tions at about 450 cm.~! to M—-NO, wagging modes.
The relative magnitudes of the two spectroscopic
splitting factors show that the complex has to be axially
elongated. Otherwise, Griffith has shown!® that for
axial compression gy = 2.000 < g,. Using the equa-

(9) A. Ferrari, M. Nardelli, and G. Bigliardi, Gazz. chim. iial., 88, 827
(1958).

(10) R. Neiman and D. Kivelson, J. Chem. Phys., 85, 156 (1961).

(11) K. Nakamoto, J. Fujita, and H. Murata, J. Am. Chem. Soc., 80,
4817 (1958).

(12) B. Gatehouse, J. Inorg. Nuci. Chem., 8, 79 (1958).

(13) J. S. Griffith, “The Theory of Transition Metal Ions,” Cambridge
University Press, 1961, p. 343.
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tions of Griffith!® for an axially elongated Cu?t com-
plex and the optical data, we calculate gy = 2.30 and
gL = 2.09 if we use Gerritsen’s!* value of —660 cm.™!
for the spin—orbit coupling constant.

The e.s.r. spectrum shows no nitrogen ligand hyper-
fine interaction which means either that (a) the complex
has weak Cu—N interaction, (b) the ligand orbitals ad-
mixed to the metal ligand orbitals have no nitrogen s-
orbital character, or (c) the metal is complexed by the
NO;~ oxygens. Gillard and Wilkinson® rule (c) out on
the basis of the infrared spectrum, although the reason
given actually excludes only M-N-O-M bridging ni-
trites. The possibility that choice (b) is correct offers
interesting implications about the geometry of the com-
plex but we do not feel that the data available warrant
these speculations. Choice-(a) seems to be preferred
on the basis of the Cu—NO, wagging bands at about 450
cm.”! observed by Gillard and Wilkinson® Fujita,
et al.,"! measured the M-N wag for a number of nitrite
complexes and concluded that there was good correla-
tion between the position of this band and the strength
of the M-N band. Consequently, it appears that this
is a weakly complexed copper—an idea that seems to
be supported by the instability of this complex, but
not by the molecular parameters derived from the e.s.r.
spectrum. In order to calculate molecular bonding
parameters for K;Cu(NQ,)s from e.s.r. data, one needs
to know the energies of the xy — x2—? and 22 — x%*—y?
transitions. Our wvalues are 9700 and 12,000 cm.™ %,
respectively, whicli are similar to those in anhydrous
Cu(NOg)2.* Using the equations of Neiman and
Kivelson® and the anisotropic e.s.r. data one obtains
o = 0.81, 52 = 0.67, and B2 = 0.51; where «, 81, and
B are molecular parameters that characterize the in-
plane oc-bonding, in-plane m-bonding, and out-of-
plane =-bonding, respectively. For comparison, an-
hydrous Cu(NOs)s, also studied in a glass,! gives a? =
0.6, 812 = 0.9, and B% = (0.88. Theseresults mean the
o-bonds in anhydrous Cu(NOQs), are much stronger than
in Ks;Cu(NO,)s, while the opposite is true for th: -
bonds. The value for 5% is the least reliable of the
parameters given, since it depends on two quantities,
g, and AL,,, known to be unreliable. The other two
results are more trustworthy and similar to the relevant
values in copper phthalocyanine.’® This latter observa-
tion is-worth contrasting with the foregoing results of
Gillard and Wilkinson® based on the assignment of the
Cu-NO, wagging modes.

Conclusions

(1) The absence of an infrared band at 1485 cm.—!
suggests that this compound may be pentacoordinated.
However, the validity of this criterion is not well estab-
lished and its negative aspect is disturbing.

(2) Magnetic, optical, and e.s.r. data have been
shown to be self-consistent and demonstrate only that
the complex has to be axially elongated. No further

(14) H. J. Gerritsen and ‘A, Starr, Arkév Fysik, 28, 13 (1963).

(15). 8. J. T. Owen, K, J. Standley, and A. Walker, J. Chem. Phys., 40,
183 (1964). .
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data can be derived about the geometry from the re-
sults. It is unfortunate that the N ligand hyperfine
splittings could not be observed to determine the num-
ber of nitrogen ligands. Further work using other
glasses is in progress since it may be possible to achieve
better resolution in other media.

(3) The absence of nitrogen ligand hyperfine split-
ting and the Cu-N wagging band at 450 cm.~! indicate
that the NO,™ groups act as weak ligands in this case.
These results, however, are in contrast with the molec-
ular parameters derived from the e.s.r. measurements
and with the known ability of NO,~ ligands to give low-
spin Co?* complexes.16:17
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To provide information on the structure of sodium
formaldehyde sulfoxylate in aqueous solution with
particular relation to sodium dithionite, studies were
made which are reported here. E.s.r. spectra of an
aqueous solution of sodium dithionite, of solid sodium
dithionite, and of an acidified sodium formaldehyde
sulfoxylate solution are compared and discussed.

Experimental

In the preparation of the sodium formaldehyde sulfoxylate,
material from Eastman Kodak with a melting point of 65° was
recrystallized at about 0° from a water-methanol solution and
dried at 50° under vacuum. The dry powder was used to pre-
pare saturated solutions at room temperature in pure water, 1 M
NaOH, and 1 M HCI. Sample tubes of Pyrex were filled with
each solution. Tubes of sodium dithionite in aqueous solution
and in powder form were prepared as previously noted.!

A calibration tube was made using a 0.1 M solution of man-
ganous chloride in order to compare the resonance signals of
the prepared samples with known values of the splitting factor
and the gauss separation between resonance peaks for the free

(1) R. G. Rinker, T. P, Gordon, D. M, Mason, and W. H, Corcoran,
J. Phys, Chem., 68, 302 (1959).



