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ion minus a CH,O fragment. The peaks at m/e 470
and 440 and the LH* fragment at m/e 179 all are half
the intensity of the base peak at m/e 148 (loss of 31
from the 179 peak).

A second group of nickel complexes has been inves-
tigated in which the side chain of the salicylaldimine
does not contain a readily removable hydrogen as in
n-propyl, sec-butyl, #butyl, —-CH,CH,N(CH;),, or
-CH,CH,OCH;. For these compounds, the mass
spectra are normal and the binuclear species are pres-
ent but at low abundance (less than 19, of the molecular
ion). The mass of these ions is 58 units above the
molecular ion and not 58 — 2. Apparently the loss of
two protons is the difference in the mass spectra of two
groups of compounds; by removal of two protons, the
high-mass species are stabilized.

The production of polynuclear ions has also been
observed with nickel chelates derived from ethylenedi-
amines and acetyldimedone (dimedone = 5,5-di-
methyl-1,3-cyclohexanedione).’® Thus the phenom-
enon appears to be general with nickel chelates.

The high-mass species may result from thermal alter-
ations of the complexes on the direct insertion probe;
however, the compounds melt without reported de-
composition.®* Furthermore, after obtaining a spec-

(10} E. P. Dudek and coworkers, unpublished observations.

CORRESPONDENCE 1259

trum of a complex, but before complete consumption of
the sample, the probe was inspected. The sample
remaining on the probe showed no observable change.
On complete consumption of the sample, no residue was
found on the probe. ‘

Since the yield of the dimeric species can be high
(to ~100%) and since a deliberate effort has been made
to keep the ion concentration low through high spec-
trometer sensitivity, anion—molecule reaction to produce
the dimer appears improbable.” A molecule-molecule
reaction at the sample surface yielding the dimer and a
neutral ligand (LH™) is more likely. This second
process is supported by the deuterium-labeling experi-
ment which indicates that the hydrogen (deuterium) in
the LH* ion is the hydrogen (deuterium) lost from the
[(L b H)zNi2]+ ion.

The presence of high-mass species reported here is
another example!! which indicates that caution must be
used in determining molecular weights by mass spec-
tral analysis when other potential chelating sites are
available. This is analogous to the finding by Biemann,
et al.,'* that organic reactions can occur in suitably
disposed alkaloids generating higher molecular weight
species.

(11) E. P. Dudek and M. Barber, Inorg. Chem., 5, 375 (1966).
(12) D. W. Thomas and K. Biemann, J. Am. Chem. Soc., 8T, 5447 (1965),
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The Use of Vibronic Interactions in the
Assignment of the Infrared Spectrum
Of CO(NH3)63+

Str:

The assignment of the infrared-active metal-ligand
stretching mode of Co(NHj;)¢** has long been a subject
of discussion and controversy.!— This controversy,
however, had remained dormant until recently when
Watt and Klett suggested® that the nature of the
stretching and deformation modes of Co(NH;)e?* re-
mained unresolved. In a subsequent note, this was
contradicted by Shimanouchi and Nakagawa.l® On
the basis of the results of a normal coordinate analysis,
the latter authors assigned the weak ir band at 503
cm~! and the strong band at 325 cm~! to the 55(ty)
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and 4(t;y) vibrations of the Co(NHj)e®+ moiety. The
purpose of the present correspondence is to confirm the
assignments of Shimanouchi and Nakagawa from a
completely different approach—by the use of the re-
sults of the low-temperature, polarized, near-uv crystal
spectrum of [Co(NH;)s][Co(CN)s] which was recently
reported by Wentworth.!

From the theoretical point of view, electric dipole
transitions between orbitals of the same parity and
predominantly localized on the central ion of centric
transition metal complexes are Laporte forbidden.!?
Nonetheless, such transitions, although weak in in-
tensity, are ordinary occurrences in the spectra of
these complexes and, in essence, account for the di-
versity of colors of the ions of the transition metal
complexes. It is presently believed, by most workers
in the field, that these transitions are due to the ad-
mixture of states of different parity via perturbations
caused by an ungerade vibration which in essence de-
stroys the “static”’ center of symmetry and makes the
transition wibronicelly allowed.'®!4  Specifically, in the
case of the octahedral Co(NH;)e?+ moiety, such dis-
tortion is indeed theoretically expected to be due to the
#3(t1y), Pa(ty), and pe(tyy) vibrational modes, as well as

(11) R. A, D. Wentworth, Chem, Commun., 532 (1965).
(12) O. Laporte, Phys. Rev., 61, 302 (1942).

(13) J. H. Van Vleck, ¢bid., 41, 67 (1937).

(14) W. A, Yeranos, Z. Naturforsch., 21, 1864 (1966).
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to combinations of modes whose direct product in-
cludes the tyn and/or ty, irreducible representations of
the On group.’ It is important to note that (i) in
most vibronic interactions the effective combinations
are those which are mixed with the totally symmetric
mode transforming as Ay, %% 7 and that (ii) in general,
the vibrational levels in the excited states differ from
those of the ground state by approximately!® +10-
209%,. 1In the specific case of Co(NHj)¢3*, on the other
hand, since the electronic transition is to an anti-
bonding orbital, a decrease in the vibrational levels in
the excited state is expected. (This point was brought
to the author’s attention by one of the referees.)

Thus, regarding the NHj ligand as one unit, the Co-
(NH;)e** ion was treated as a seven-body problem.
Using the assignments of Shimanouchi and Nakagawa®
a normal coordinate analysis was performed with dif-
ferent ‘“‘reasonable” sets of Urey—Bradley force con-
stants.!® Trends upon change of force constants were
studied, and finally the most suitable set of force con-
stants was adopted. (The adopted wvalues were:
K = 1.34 mdyn/A, H = 0.22 mdyn/A, and F = 0.18
mdyn/A.) Then, and only then, were these used to
calculate the frequencies of the isotopic species Co-
(NDj)e3+. Table I gives the experimental as well as
calculated values, and it can be seen that the agreement
is rather good.

TABLE I
CALCULATED AND OBSERVED FREQUENCIES (IN cM 1)
Absolute
isotopic
Freq? Vibrational mode Co(NHjz)gd™t Co(NIDy)est shifts
7i(ang) Co-N str 454 418 36
Pa(eg) Co-N str 383 352 31
73(t1a) Co—N str 504 (503) 482 22
74(tia) N-Co-N def 329 (325) 308 (310) (15)
75(tag) N-Co~N def 357 329 28
7s(tay) N-~Co-N def 252 232 20

e Observed frequencies arc given in parentlicses.

Now, if one assumes that the 503- and 325-cin—!
bands in the ir spectrum are indeed the 7; and 75 modes,
respectively, one would then expect a series of pro-
gressions in the low-temperature, polarized vibronic
spectrum of Co(NH;)e®t due to: (i) the # mode and
separated approximately by 400-450 cm~%, (i) the
7s mode and separated approximately by 260-290 cm ™1,
(iii) the 76 mode and separated approximately by 200-
230 cm~t, and/or (iv) a combination band with #,
the value of the latter ranging {rom approximately
360 to 400 cm 1,

The polarized crystal spectrum of [Co(NHjy)s)[Co-
(CN)s] at 80°K is reported by Wentworth*! to exhibit
o uniquantal progression® of a 420 = 10 vibration and its

(15) M. Tinkham, “Group Theory and Quantum Mechanics,” McGraw-
Hill Book Co., Inc., New York, N. Y., 1064.
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(17) R. Dingle, Chem. Commun., 304 (1965).

(18) G. Herzberg, " Molecular Spectra of Polyatomic Molecules,”” D. Van
Nostrand Co., Inc., New York, N. Y., 1966.
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(20) The vibrational gquanta are superimposed on the band whose maxi-
mum is reported to be at 4720 A.
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combination band with ¢ 390 = 10 wvibration (the italics
are ours). It is obvious that at 80°K, vibronic tran-
sitions due to the #; and the (3 -+ #) modes are be-
coming discernible. It isindeed gratifying to note that
not only is the vibronic spectrum of Co(NH;)gt ex-
plained by the Shimanouchi and Nakagawa'® assign-
ments but that the vibronic structure of Co(NDy)e+
can be calculated?! and observed!! as expected!

(21) The observed separations of the progressions are of a 380 == 10 cm ™t
mode, and its combination band with a 340 %= 15 cm !, while the calculated
values are 386-420 and 334-386 cm 1, respectively.
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The Nature of the Intermediate in
Unimolecular Octahedral Aquation

Str:

Studies of the dependence of the rate of aquation of
cobalt(IIT) complexes of the type Co(en);ACI*"* (en =
ethylenediamine) led Agperger and Ingold! to postulate
a duality of mechanism that depended upon the elec-
tron displacement properties of A. This proposal was
later refined in the light of further evidence relating
especially to the steric course? by postulating that (i) if
A possessed an extra pair of electrons that could be
donated to the metal to compensate for the loss of the de-
parting ligand, a unimolecular mechanism was favored
and (ii) in the absence of such assistance the mechanism
was bimolecular. The stereochemical rules required
that the intermediate must have a trigonal-bipyramidal
form when A was originally frans to the leaving group
which would therefore lead to steric change, whereas the
bimolecular attack would be adjacent to the leaving
group and therefore result in substitution with reten-
tion of configuration. These proposals extended a simi-
lar discussion by Basolo and Pearson somie years earlier?
where the m-bonding aspects of the process were
stressed.

Later work involving the nonsolvolytic reactions of
these complexes could provide no evidence in support
of the bimolecular mechanism and any dependence of
rate on the concentration of the entering nucleophile
could be accounted for in terms of an equilibrium pre-
association of the reagents. The rate of the subsequent
interchange was rarely very sensitive to the nature of
the entering group.*

It was suggested that all of these observations could
be accounted for by an essentially dissociative mech-
anism in which the duality of response to the electron
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