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Discussion

The reaction between V(CO)s, V(CsHs),, and CO can
be interpreted straightforwardly in terms of an electron
transfer from V(CsHj)s to V(CO)s. This fact allowed
us to look more deeply into the details of the above
mentioned mechanism of formation of [V(C/Hy)-
(C/Hg) ][V(CO)s] from V(CO)s and C:Hs. In that
case the postulated hydride elimination from an inter-
mediate V(C7Hs) (CO)s could be conceived as a two-step
process involving a hydrogen elimination and an elec-
tron abstraction; the first step being either a hydrogen
transfer to V(CO); to form the unstable?® vanadium
hexacarbonyl hydride HV(CO)s or an electron transfer
to V(CO)G

The successful reaction between V(CO)s and V(Cs-
H;), seems to suggest that the intermediate formation
of the unstable HV(CO)s is not necessarily required
during the reaction of V(CO)s with CrHs.

The cation [V(CsH;s)2(CO)2]* has not been described
so far, whereas the uncharged V(CsHs)(CO)s and the
anion [V (CsH;)(CO);]2— have been reported.”®

The diamagnetic [V(CsHj;)2(CO) ]t is isoelectronic
with Ti(CsH;)2(CO): described some years ago by
Murray. !
two infrared carbonyl stretching bands at about 1965
and 1885 cm.—!, to be compared with the bands at
about 2050 and 2010 cm.—?! for the related vanadium
complex. In the latter case, the shift of the carbonyl
stretching bands toward higher frequencies must be
attributed to the increased positive charge on the metal.

At least one other case of oxidation-reduction re-
action involving a metal carbonyl and a metal =-
complex is known in the literature. As a matter of

(9) E. O. Fischer and 8. Vigoureux, Ber., 91, 2205 (1958).
(10) J. G. Murray, J. Am. Chem. Soc., 81, 753 (1959).

The latter compound was reported to have ‘
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fact, Hein and Reinert,!! in an attempt to prepare
Cr(CO)s, treated iron pentacarbonyl with bis-(di-
phenyl)-chromium(0) at 90-95° for 3—4 hr., the end
product of the reaction being [Cr(CeH;—CeHs)z]2[Fes-
(CO)y3]. . The mild conditions of formation of [V(CsHs).-
(CO)][V(CO)s] from V(CgHg), V(CO)s, and CO at
atmospheric pressure and 15° clearly show the strong
tendency of vanadium hexacarbonyl to act as an elec-
tron acceptor. Vanadium hexacarbonyl seems, there-
fore, to offer new and wider possibilities of straight-
forward preparation of cationic metal carbonyl species.
Several complex cations have been reported recently
such as - [CaHaFe(CO)3]+, [C5H5MO(CO)4]+, [C5H5-
W(CO)4]™, [CsHsCr(CO)4lt, and [Mn(CO)s]*. These
cations were obtained in the presence of CO under
pressure by the action of Friedel-Crafts halogen ac-
ceptors on metal carbonyl halides or cyclopentadienyl
metal carbonyl halides,'*!? or by the action!* of BF;-
O(CHj); on the hydride CsHiCr(CO):H, or, finally,
by the action!® of NaB(C¢Hj)s on C;HsFe(CO),Cl.
Other reactions of V(CO); with metal complexes comn-
taining =-bonded aromatic ring systems will be in-
vestigated.

Acknowledgment.—We are greatly indebted to Pro-
fessors G. Natta and R. Ercoli for their interest in this
work and useful discussions, to Prof. R. Cini of the
University of Florence, who carried out the magnetic
susceptibility measurements, and to Dr. E. Lombardi
and Dr. A. Segre for measuring the n.m.r. spectra and
discussing them:.
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Infrared spectra of mono- and disubstituted derivatives of Co(CO);NO in which CO is replaced by PCls, PC1;CsH;s, PCl-
(CeHs)z, P(CgHy)s, p-tolyl isonitrile, i-butyl isonitrile, and o-phenanthroline are recorded. The m-electron accepting abilities
of coérdinated CO and NO are compared and a “‘spectrochemical series’’ for w-bonding ligands is proposed.

Introduction

Considerable interest has been shown recently in the
infrared spectra of transition metal carbonyl compounds
and their derivatives in the C-O stretching region.
Several studies have dealt with the effect on the ob-
served C-O frequencies of replacing some of the CO
groups by other ligands.!™® In the present work we

(1) E. W. Abel, M. A, Bennett, and G. Wilkinson, J. Chem. Soc., 2323

(1959).
(2) M. Bigorgne, Bull. soc. chim. France, 1986 (1960).

have studied the N-O frequencies as well as the C-O
frequencies in mono- and disubstituted derivatives of
cobalt tricarbonyl nitrosyl. A number of investiga-
tions have been made concerning the infrared absorp-

(3) R, Poilblanc end M. Bigorgne, Compi. rend., 360, 1064 (1960).

(4) M. Bigorgne, ibid., 260, 3484 (1960).

(8) M. Bigorgne, ‘‘Advances in the Chemistry of Coordination Com-
pounds,” S. Kirschner, Ed., The Macmillan Co., New Vork, N. V., 1961,
p. 199,

(6) G. Bouquet and M. Bigorgne, Bull. soc. chim. France, 433 (1962).

(7) R. Poilblanc and M. Bigorgne, £bid., 1301 (1962).

(8) L. E. Orgel, Inorg. Chem., 1, 25 (1962),
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tion of molecules containing cotrdinated nitric oxide.?—12
These studies indicate that an absorption band in the
region of 1575 to 1950 cm.™! is diagnostic of NO
acting as a three-electron donor and codrdinating as
an NO*ion. The NO stretching frequency in gaseous
Co(CO)3NO occurs at 1822 cm.—',*® which falls in the
above mentioned region. The NOT ion is isoelectronic
with neutral CO and it is of interest to compare the
behavior of these two groups when they are both co-
ordinated to the same central metal atom. A previous
study® seemed to show that varying the electronega-
tivity of other ligands had little effect on the observed
NO frequencies in substituted nitrosyl carbonyl com-
pounds. We find this not to be the case. Co(CO);NO
is a pseudotetrahedral molecule with Cs, symmetry.
The complete infrared spectrum of this compound has
been analyzed' and is well understood. When two
of the CO groups in the above molecule are replaced
by other ligands, such as substituted phosphines, we
have a situation where the remaining CO and NO
moieties are competing with each other for electron
density to be back-donated from filled cobalt orbitals
into the vacant antibonding w-orbitals on the ligands.
We have studied a number of molecules of this type.
The ligands were chosen so as to have quite different
electron accepting abilities. The C-~O and N-O
frequencies are sensitive indicators of the amount of
charge back-donated into their antibonding w-orbitals.
The greater the back-donation, the lower the observed
CO or NO frequency. Increasing the charge density
on the central metal atom by replacing CO groups by
other ligands therefore lowers the frequency of the
remaining codrdinated CO and NO groups.
Combining the results of the present research with
data available in the literature we propose a sort of
“spectrochemical series” for =-bonding ligands, ar-
rangement being in order of decreasing ability to
withdraw charge from the central metal either by an
inductive or m-electron accepting mechanism.

Experimental

Materials. —Co(CO);NO was prepared by the dithionite
method of Bor and Mohai.!* An additional trap containing water
inserted just prior to the described CaCly—P:0; drying system
effectively removed NHj from the gaseous product. The Co-
(COYXNO obtained by this method was used directly without
further purification. Co(CO);NO: was stored at —25° in a sealed
tube.

Triphenylphosphine (P(CsHs)s), chlorodiphenylphosphine (PCl-
(CeHs)2), and dichlorophenylphosphine (PCl:C¢H;) were reagent
grade chemicals obtained from Aldrich Chemical Co. Phos-
phorus trichloride (PCly) was reagent grade obtained from Allied
Chemical Co.

o-Phenanthroline monohydrate was obtained from the G.
Frederick Smith Chemical Co.

(9) J. Lewis, R. J. Irving, and G. Wilkinson, J. Inorg. Nucl. Chem., T,
32 (1958).

(10) W, P, Griffith, J. Lewis, and G. Wilkinson, bid., T, 38 (1958).

(11) J. Lewis, Sc¢i. Progr. (London), 47, 506 (1959).

(12) J. Lewis, Record Chem. Progr., 22, 147 (1961).

(13) R. S. MecDowell, W, D. Horrocks, Jr., and J. T. Yates, J. Chem.
Phys., 34, 530 (1961).

(14) G. Bor and B, Mohai, Acta Chim. Acad. Scient. Hungaricae, 8, 335
(1956).
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t-Butyl and p-tolyl isonitriles were prepared and purified ac-
cording to the procedure of Ugi and Meyr.?®

Preparation of Complexes. Co(CO)(NO)PCl;) and Co(CO)-
(NO)(PCl);.—Co(CO)3(NO) (4.3 g., 0.025 miole) was pipetted
into a reaction tube equipped with a stopcock. The tube and its
contents were then cooled to —78° and 6.8 g. (0.05 mole) of
PCl; was added. The reaction tube was evacuated and then al-
lowed to warm to room temperature. The liquids were thor-
oughly mixed, cooled to —78°, evacuated, and then heated at
60° for 20-24 hr. After evacuation at —78°, the dark red liquid
was warmed to room temperature and any unreacted Co(CO);NO
and PCl; were removed by application of a vacuum for at least
10 hr. Based on the infrared data, the dark red liquid contains
both the mono- and disubstituted derivatives. Thus far, all
attempts to isolate and purify these derivatives have resulted in
decomposition.

CO(CO)z(NO)PC12C6H5 and CO(CO)(NO)(PCIQCeHs)z.—-‘CO
(CO)3NO (1.7 g., 0.01 mole) and 3.6 g. (0.02 mole) of PCl,CsH;
were treated as above with the exception that this reaction mix«
ture was heated at 80° for 18 hr. The dark red lquid contained
both mono- and disubstituted products. Attempts to isolate and
purify again led to decomposition,

Co(CO ):(NO)PCI(CsHs): and Co(CO)(NO)[PCI(CeHs)zl2.—A
1:1 mole mixture of Co(CO)NO and PCI(CsHs); treated in the
same manner at 100° for 5 hr. resulted in a dark red liquid,
which, based on infrared data, contained some PCI{ C¢H;)s as well
as a large amount of Co(CO)}(NO)PCI{C¢Hs)e. Attempts to
purify led to decomposition.

A 1:2 mole mixture treated in the same manner gave reddish
black platelets. The crude material, Co(CO) NO)[PCI(CsHs)sls,
melts at ~95-100°.

Anal. Caled. for Co(CO)(NO)[PCI(CeH:)e]o: C, 53.80; H,
3.61. Found: C, 54.17; H, 3.80.

Co(CO)(NO)P(CsH;); and Co(CO)(NO)[P(CsH;)]s.~—Co-
(CO)(NO)P(CsHs); was prepared as a side product by the method
of Malatesta and Araneo.’® On allowing the toluene solution of
Co(CO)3;NO and P(CeHj)s to stand, the monosubstituted product
crystallized along with the excess P(CeHs)s. The well formed red
crystals could be easily picked out; m.p. of Co(CO),(NO)P-
(CeHs)s 74-76°.

Amnal, Caled. for Co(CO)(NO)P(CeHs);: C, 58.98; H, 3.71.
Found: C, 60.58; H, 3.99.

The disubstituted derivative was prepared by the preceding
method of Malatesta, except that the solvent used was bis-(3-
methoxyethyl) ether as in the method of Matthews, Magee, and
Wotiz.?” The reaction was quite vigorous, when warmed, and
red-brown platelets crystallized out as CO was evolved. The
product was removed by filtration and washed with boiling

methanol; m.p. of Co(COYNO)[P(CeHs)sls 175-178° (lit.'s
130°).
Anal. Caled. for Co(CONNO)[P(CeHs)il: C, 60.27; H,

4,71, Found: C, 69.31; H, 5.09.

Co(CO)(NO)(CH;C;HNC); was prepared by the method of
Malatesta and Sacco®®; m.p. 133-136° (lit.18 156-159°).

Anal. Caled. for Co(CO)NO)}CH;CsH(NC): C, 58.13;
H,4.02. Found: C, 55.28; H, 4.04.

Co(CO)NO)((CH;);CNC), was prepared by adding a solution
of 1.8 g. of t-butyl isonitrile in 5 ml. of petroleum ether (30-60°)
to a solution of 1 g. of Co(CO);NO in 10 ml, of petroleum ether.

Evolution of carbon monoxide began immediately. The reac-
tion mixture was allowed to stand for 10 hr., during which time
orange-red crystals separated out. The complex was washed
thoroughly with cold (—78°) petroleum ether. The solid was
allowed to air dry and then stored at —25° in a sealed vial.

Co(CO)NOX(CH;)sCNC). is extremely soluble in most com-
mon organic solvents, These solutions are somewhat air senst-
tive, decomposing on standing or heating. The dry solid can be

(15) I. Ugi ond R, Meyr, Chem, Ber., 93, 239 (1960).

(16) 1.. Malatesta and A. Araneo, J. Chem. Soc., 3803 (1957).

(17) C. N. Matthews, T. A, Magee, and J. H. Wotiz, J. Am. Chem. Soc.,
81, 2273 (1959).

(18) L. Malatesta and A, Sacco, Z. anorg. allgem. Chem., 274, 341 (1933).
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stored indefinitely at —25°; m.p. of Co(CO)NO)((CH;);CNC),
70-72°.

Anal. Caled. for Co(CO}NQ)(CH;)sCNC)s: C, 46.65; H,
6.41. Found: C, 44.74; H, 6.42.

Co(CO)(NO)(Cy2HN,) was prepared by the method of Hieber
and Anderson'® by mixing equimolar quantities of Co(CO);NO
and o-phenanthroline monohydrate in pyridine; m.p. ~190°
dec.

Anal. Caled. for Co(CO)(NO)(Ci:HsN2): C, 52.54; H, 2.72.
Found: C, 50.20; H, 2.94.

All microanalyses were performed by George I. Robertson,
Jr., Florham Park, N. J.

Infrared Measurements.—All infrared measurements were re-
corded on a Perkin-Elmer 421 grating spectrophotometer
equipped with a dual grating interchange.

The scanning rate was 33 cm.™!/min. in the 2150-2000 cm.™!
region and 21 cm,™!/min. in the 2000-1650 cm. ™ region. Each
cm. on the chart paper represented 10 em.™!. Peak positions
were determined by the method of Plyler, ¢f al.? The accurate
location of the peak position was aided by the use of a Bausch and
Lomb measuring magnifier with a lens calibrated in tenths of a
mm. Frequencies are believed aceurate to 0.6 cm. ™1,

All complexes with the exception of Co(CO)NO)(Ci2HsN3)
were run in cyclohexane in 0.1-mm. NaCl liquid cells.

In the case of Co(CO)(NO)[P(CeHs)sl2 the pen expansion
factor was changed to 5X and the slit width was doubled. This
procedure was necessitated because of the low solubility of the
complex in cyclohexane.

All spectra were calibrated with CO and water vapor using
the wave number values of Plyler, ¢f al.2

Results

The carbonyl and nitrosyl frequencies of the mono-
and disubstituted phosphine derivatives of Co(CO),NO
taken in cyclohexane solution are shown in Table I.
As expected the monosubstituted compounds show two
CO stretching bands attributable to the symmetric
and antisymmetric stretch in a molecule of pseudo
C. symmetry (neglecting the asymmetry of the
phosphine ligand). The disubstituted compounds have
only one CO and one NQ group remaining and omne
stretching frequency is observed for each. The molecu-
lar symmetry is also pseudo Cs.

TaBLE |
DaTa FOR PHOSPHINE DERIVATIVES OF Co(CO);NO
rQo sym., vCo antisym., YNO, |
cem, "1 cm. "1 cm, 4
Co(CO;NO 2100.3 2083.0 1806.2
One ligand
PCl; 2073.1 2029.6 1805.7
PCL.CeH; 2061 .4 2014.4 1785.6
PCI(CsHs): 2048.5 1996.0 1772.5
P(CeHs)s 2035.0 1981.2 1761.0
Two ligands
PCl; 2044.5 1793.2
PCl,CsH; 2023.6 1771.7
PCI(CgHj)2 1987.3 1747.2
P(CeHs)s 1956.7 1717.0

In Table IT are listed the infrared bands for Co(CO)-
(NO)(p-tolyl isonitrile)s, Co(CO)(NO)(¢-butyl iso-
nitrile);, and Co(CO)(NO)(o-phenanthroline). The

(19) W. Hieber and J. S. Anderson, Z. Anorg. Allgem. Chem., 311, 132
(1933).

(20) E. K. Plyler, A. Danti, L. R. Blaine, and E. C. Tidwell, J. Res.
Natl. Bur. Sid., 644, 1 (1960).
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spectra of the first two compounds were recorded in
cyclohexane solution, that of the o-phenanthroline
compound could only be obtained on a halocarbon oil
mull due to its insolubility in otganic solvents. The
bands due to the NC frequencies of the two codrdinated
isonitrile compounds are reported. These correspond
to the symmetric and antisymmetric stretches under
pseudo C, symmetry. The values for the free iso-
nitrile ligand in cyclohexane solution also are presented
1or comparison purposes.

TaBLE 11

Data FOR SOME DISUBSTITUTED DERIVATIVES OF
Co(CO);NO (cm. 1)

Free

ligand
in CsHiz Codrdinated C-N
L »¢-N band bands vYC-0 YN0
p-Tolyl iso- 2120.4 2135.4 2085.9 1987.1 1745.7
nitrile Av., = 2110.7
-Butyl iso- 2131.3 2141.8 2108.4 1975.5 1733.3
nitrile Av. = 2125.1
o-Phenan- 1909.8 1658.1
throline
Discussion

The carbonyl and nitrosyl stretching frequencies for
the mono- and disubstituted derivatives of cobalt
tricarbonyl nitrosyl with the series of ligands: phos-
phorus trichloride, dichlorophenylphosphine, chloro-
diphenylphosphine, and triphenylphosphine are shown
graphically in Fig. 1. The phosphines, being poorer
electron acceptors than the carbonyl or nitrosyl groups,
cause the electron density around the cobalt to be higher
in the substituted compounds than in the parent mole-
cule. This allows more charge to be back-donated
into antibonding pr orbitals on the remaining carbonyl
and nitrosyl groups, decreasing the C-O and N-O
force constants and thereby lowering the observed
frequencies. The order for the different ligands is as
expected. The phosphorus trichloride derivatives have
the highest frequency since this ligand readily accepts
charge into its vacant low lying d-orbitals due to the
inductive effect of the electronegative chlorines; sub-
stituting phenyl groups for chlorines on the phosphorus
makes the ligand less able to accept charge and lowers
the observed CO and NO stretching frequencies. For
a given ligand, the disubstituted compound has lower
CO and NO frequencies than the monosubstituted mole-
cule, which is certainly to be expected. Two phos-
phines will cause a higher electron density around the
central metal than will one. ,

In Fig. 2 are plotted the single carbonyl and single
nitrosyl frequencies for the compounds of the type Co-
(CO)(NO)L,. The position of any ligand on the
ordinate scale can be considered as a rough measure
of the electron density accepting ability of that mole-
cule when coordinated. It should be noted that the
nitrosyl and carbonyl frequencies show approximately
the same behavior on substitution of various ligands.
Using this kind of graph we are able to arrange the
ligands in a sort of “‘spectrochemical series” for =-bond-
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Inorganic Chemistry
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Fig. 1.—Frequencies of CO and NO bands in Co(CO):NO and mono- and disubstituted derivatives recorded in cyclohexane solution;
¢ = phenyl.

ing ligands. The substituted phosphines fall in the
expected order with decreasing electron attracting
ability as phenyl groups are added. According to our
data, p-tolyl isonitrile has almost the same electron
withdrawing ability as chlorodiphenylphosphine, while
the £-butyl compound is slightly less electronegative in
behavior. This is consistent with the accepted in-
ductive effects of aryl and alkyl groups. Our data for
the isonitrile complexes are consistent with those of
Cotton and Zingales?' for some other isonitrile com-
plexes. Two effects are expected upon coérdination
of an isonitrile. The mechanical coupling of the N-C
and C~Co oscillators tends to raise the observed N-C
stretching frequency, and back-donation from filled
metal atom orbitals into vacant pr antibonding levels
on the ligand tends to lower the observed frequency.
In the present case the slight lowering of the average
N-C frequency, 10 cm.”! in the case of the p-tolyl
compound and 6 cm.~! in the case of the #butyl com-
pound, over that of the free ligand, indicates that some
back-donation to the coérdinated isonitrile molecules
is involved. In these compounds, as in the sub-
stituted carbonyl compounds studied by Cotton and
Zingales,?! the CO and NO groups bear the greater
burden of charge removal.

It was of special interest to compare the electron
accepting ability of coérdinated CO and NO groups.
The disubstituted derivatives of Co(CO);NO are ideal
for this comparison since in this case the CO and NO
groups are competing directly against each other for
electron density in an otherwise identical environment.
It can easily be shown that for a diatomic harmonic

(21) F. A. Cotton and F. Zingales, J. Am, Chem. Soc., 83, 351 (1961),

oscillator the fractional change in force constant, dk/k,
is equal to twice the fractional change in observed fre-
quency, dv/v. Table III shows a comparison of three
disubstituted molecules. In going from the PCI; to
the P(C¢Hjs); derivatives the percentage change in CO
and NO frequencies, and hence in the respective force
constants, is approximately equal. Comparing the
triphenylphosphine and o-phenanthroline derivatives it
appears that the NO frequency and force constant is
more affected by the change in electronic environment
than is the CO. This is consistent with the data of
Barraclough and Lewis®? for the isoelectronic series:
Ni(CO)y, Co(CO);NO, Fe(C0);(NO);, MnCO(NO)s,
which indicates that at high electron densities around
the central metal, the NO group is a better acceptor of
charge than the CO group. It would appear from the
present work that in situations of low electron density
that CO and NO are almost identical in their electron
accepting power while at higher charge densities the
NO group is slightly better.

TasLE 111
CoMPARISON OF FRACTIONAL CHANGE IN CO anDp NO
FREQUENCIES
»Q0 Av/v YNO Av/v

Co(COY}NOYPCly), 2044.5 1793.2

4.299, 4,249,
Co(CO)(NO)[P(CsHs)s)» 1956.7 1717.0

2.409% 3.43%
Co(CO)(NO)(o-phen) 1909.8 1658.1

From our data on the carbonyl band of L,Co(CO)-
(NO) compounds and those of Bigorgne and co-workers

(22) C. G. Barraclough and J. Lewis, J. Chem. Soc., 4842 (1960); the

frequencies for Co(CO)sNO reported in this reference are in error.
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Fig. 2.—Frequencies of CO and NO bands in Co(CO):NO and disubstituted derivatives; ¢ = phenyl, Ar = p-tolyl, R = f-butyl,
Ophen = ¢-phenanthroline.

for the high frequency A; vibration in compounds of
the form cis-LoMo(CO).57 and for the higher frequency
carbonyl band in compounds of the form L,Ni(CO),?
we have been able to construct a ‘‘spectrochemical
series”’ for w-bonding neutral ligands. This is shown in
Table IV. Three separate series based on data for
each of the above classes of compound were formulated.
These were interleaved producing no inconsistencies
in ligand order. The positions of ligands not common
to all three series were determined by a linear interpola-
tion of the particular carbonyl frequency involved.
The fixed points for these interpolations were the fre-
quencies of the L,Co(CO)(NO), cis-L:Mo(CO),, and
L,Ni(CO), compounds in which L was the same in each
case. All spectra here employed were of compounds
in solution in saturated hydrocarbon solvents, This
should minimize the solvent effect, allowing a wvalid
comparison of frequencies.

TABLE IV

A “SPECTROCHEMICAL SERIES’’ FOR w-BONDING L1GaNDs®
NO AS(OCHs)a P( CsHﬁ)s
CcoO PCI(OCH,). S(CeHis)a
PF; As(OC:Hs)s As(CeHjs)s
SbCl, P(OCeH;); P(CH;3)s
AsCly PCI{(C¢Hs)s P(C.H;s)s
PCl p-Tolyl isonitrile 0-CeHy [ P(CoHs )2)2
PCL(OCsH,) P(OCH;); P(NCgHio)s
PCl,(OC.H;) t-Butyl isonitrile o-Phenanthroline
Pclz(CeH5) AS(NCsHm)a Diethylene-
PBr;CH; As(CeHs)s triamine

¢ Data from present work and ref. 1, 2, 6, and 7.

In the case of CO and NO the electronic environ-
ment in which the ligand finds itself determines the

relative electron accepting ability to scme extent.
This type of behavior may very well be true for other
ligands. The order of ligands is not necessarily ab-
solute and may not hold for all molecules but this
series should be a good first approximation. The
ligands listed first are better acceptors of charge from
the central metal than are molecules lower down the
series. It should be noted that inductive effects ap-
parently are transmitted more easily through the
heavier group V ligands, probably due to their greater
polarizability. The data of Abel, ¢t al.,* indicate that
aliphatic amines should be placed at the bottom of the
list; these molecules have no vacant low lying orbitals
suitable for accepting charge. Caution must be taken
when using carbonyl and nitrosyl frequencies to place
molecules in a series such as this. Orgel® has shown
that in compounds of the type Mo(CO)4(o-phenanthro-
line), the force constants of the CO groups trans to the
o-phenanthroline are lowered more than are those in
the ¢is position. For this reason we have not attempted
to place organic dienes in our series since the same types
of steric factors are involved.
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