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JFinally, strong evidence for the existence of Si-Cl dn-px bonding is
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ABSTRACT

The 5900 pure nuclear quadrupole resonance spectra of a series of

trigonally coordinated cobalt complexes, MXjCo(CO)h, where M = Si, Ge,

the 35937

Sn, Pd, and X = C1, Br, I, and CeH , are reported. C1 quadrupdle

5

resonance in SiCl Co(CO)u are also reported. The variation in field

3

gradients obtained from the quadrupole coupling constants in these

‘molecules can be interpreted in terms of o'aﬁd x bonding of MX3 to the

cobalt. In certain cases explicit o or = effects can be separated.

presented.

(1) Paper IIT in the series Transition Metal Nucleér Quadrupole Resonancé
by CBH and co-workers.
(2) a. Noyes Chemical Laboratory, University of Illinois, Urbana, 61801.

b. Department of Chemistry, University of California, Befkeley.v

(3) - To whom correspondence and reprint requests should be:addressed.
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. INTRODUCTION

Recently a series of compounds, MX3Co(CO)u (M = a group IV element
and X = halide or organic group), have been synthesized. These organo-
metallic complexes represent a general class of trigonally coordinated

(C3v) cobalth-6 characterized by heteronuclear M-Co metal-metal bonds.

(4) W. T. Robinson and J. A. Tvers, Inorg. Chem., 6, 1208 (1967).

(5) G. M. Shedrick and R. N. F. Simpson, J. Chem. Soc., 1005, 1968A.

(6) B. T. Kilbourn, T. L. Blundell and H. M. Powell, Chem. Comm., 4lb,
1965.

Unlike alkyl and hydrlde derivatives of cobalt tetracarbonyl they exh1b1t
hign thermal stability. It has been suggested that this can be assoclated
- or correlated with strong M-Co = bonding since 1t is only when M is
charaqterized as = acceptor thad the compounds appeai to be more stable.
Infrared studies'df the carbonyl modes and other physical dafa haye been

reported to provide evidence for the existence of extensive n.bonding,7-lo

{(7)  a. D. J. Patmore and W. A. G. Graham, Inorg. Chem., 6, 981 (1967).
b, Ibid., 7, 771 (1968). | |
(8) A. P. Hagen ard A. G. McDalrmld, Inorg. Chem., é 686 (1967)
_(9). L. Marko, G. Bor, G. Almasy and P. Szabo, Brennstoff. Chem., Lk, 194

(1963).

(10) 0. Xahn and M. Bigorgne, J. Orpanometal. Chem., 10, 137 (1967).




‘insights into the nature of the Co-M bqhd for a variety of MX

—Furfhermore;_when_the quadrupole nucleus,
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however, no éonclusivg results have heretofoie Been put f6rth to ;eparateiv-
x ffom the ¢ 'effec\t.s..= -

.’ Because nuclear quadrupole resonaﬁce'pfovi&és avprobe capeble of |
éiucidating small changés.in'the electfon.distribﬁtioh:in_mélégules; if can,
aiong with‘other spectrbséopic and étrﬁctural information, provide new

. species.

3

Co, is at.the origin of a

59

; molecular point group, as in the present case, it is possible in principle

to separate changes in o and n bonding in a series of isoelectronic and

isostrucﬁural molecules.ll We therefore report here the study of the pﬁré

- (11) See C. B. Harris,'Inorg. Chem., 7, 1517 (1968), and references therein. -

nuclear guadrupole resonance spectra of 5900 in the above compounds.

EXPERIMENTAL

Synthesis. Synthetic procedures for the substituted tetracarbonyi',

7,10,12

compounds were taken from the literature. Reactions were carried out

f(ia)_ A. J. Chalk and J. H. Harrod, J. Amer. Chem. Soc., 87, 1133 (1965).

on a scale large enough to provide 3-5 grams of pure products. A1l samples
were identified by carbon, hydrogen, and where appropriate, halogen énalysis
ara their purity was further confirmed by infrared spectra usually taken

aiter repeated sublimation to insure the absence of bands in the carbonyl
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stretching region due to impurities in the form of other cobalt_carbonyl
compounds. All compounds were sealed under & nitrogen aimosphere to

insure against decomposition. .
7
2

Nuclear Quadrunole Resonance Spectra. The spectra obtaihed at the
University of Illinois were obtained with a self-quenching zeeman modulated -

super-regenerative spectrometer. The oscillator is similar to that described .

13

'by Graybeal and Croston, ~ but incorporates a number of minor changes.

(13) J. D. Graybeal and R. P. Croston, Rev. Sci. Instr., 37, 376 (1966).

A coherence control system, designed at the University of Illinois but

patterned after that reported by Peterson and Bridenboughlu‘was‘emplqyed

~(i4) a. G. E. Peterson and P. M. Bridenbough, Rev. Sci. Instr., 35, 638
(1964). ‘

b. Ibid., 36, 702 (1965).

to haintain the appropriate oscillatbr con&itidns for wide range scaﬁniné.:
A modulation frequéncy of.lOO Hz was aﬁplied to a pair of Heimhélz éOii$ 
which provided é magnetic field of approximately 50 gauss. vPhase'sensifive
detection was accomplished throﬁgh é‘Princeton_Appiied Research Labgratory v, !
Model JB5 lock-in-amplifier. .Spectra were normally obtained using a sweep ‘ o/
rate of about 1 MHz‘per hour, and an_8 second time constant. |
Frequencies were measured in most instances to an accuracy of

approximately l'KHz,-ﬁtilizing a Drake Model R-LA receiver fitted with a

frequency converter wnich permitted continuous tuning of the receiver over
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(16) M. D. Fayer and C. B. Harris, unpublished work.
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& wide range of frequencies by selection of aISuitable,crystal. The

receifer was equipped with a 100 KHz'calibrator*aﬁd.the dial_is scribed
units of Kiz. Using this.airahgement, it wés possible to place calibratiﬁg
markérs on the recorder charf paper with an‘event marker at convenient.
intervals. Interpolation between such markers érovides'a measure of anyv
desired frequency to an accuracy-of 1 KHz. When problems of distinguishing

the center frequency from the side band frequency arose, accuracy to about

O.OSIMHz-cbuld be obtained by a Tektronix spectrum analyzer coupled to a

convenient frequency reference.

The spectrometer employed at the University of California is a high

15

pover push-puil super-regenerativeAspectrometer. In the case of

(15) €. B. Harris, unpublished'work; G. E. Peterson, private communication.

‘Sn3r3Co(CO)h the frequencies were detected and measured by:a fast-sweep

marginal oscillator.16 Frequencies were measured by spectrum analyzing

L 17
techniques.

(7) G. E. Peterson and P. M. Bridenbough, Rev. Sci. Instr., 37, 1081 (1966)..

Variable temperature measurements (University of Illinois) were

carried out using the cold cell depicted in Figure 1. The cell conéists

~of a pair of coaxial, rectangular pipes fabricated of Plexiglass, which
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prpvide for the passage of nitrogen (obtained frbm‘boiling off liquid

nitrogen) over the sample, through the surroundiné-cell compartments, énd
out. Temperaturesto -170°C wére readily obtained by control of the - A
nitrogen boil-off iate. Using a 20 liter. dewar with a short run of ${

" insulated line to the cold chamber permitted the maintenance of a temperature

of -130°C for a period of 8 hours with no attendance.

RESULTS AND DISCUSSION

In nuclear quadrupole resonance, one measures the interaction of a’
nuclear quadrupole moment, Q, with a field gradient, g, around a given
nucleus. A requirement for a nucleus having a quadrupole moment is that

59Co,

its nuclear spin be greater than 1/2; fof _ I= 7/2 and the requirement
for an finite field gradient ié that the total electronic potential sufrounding
the given nucleus be neither spherical nor cubic in symmetry; in the case

of the MX3C0(CO)u compounds, the symmetry is C One expects, therefore,

3v’

to measure a field gradient which can be related:via a valence bpnd or
.moleéulai orbital interpretation to the electronidistribution’indieative,

_ of the bonding in these compounds. Beéause the cobalt is loéated on.thé
principal axis of the C3v point group, the populations of various valence
orbitals can be related inva'simp1e way to the angular momentum functidns
.of'fhe electrons wnich diagonalize the field gradient tensor. In this way,
‘one can, in principle, distinguish electron ﬁopulatiéns representative of | .
7 and ¢ ponding. Thfee radio frequency transitions are.expected for a

Aﬁcleus with‘a spin of 7/2. When the cobalt nucléus experiences an axiaily )

syrmetric field gradient tensor due to the three-fold axis, relative transition

frequencies of 3:2:1 are expected for the nuclear transitions. from



Table I. Pure Quadrupole Resonance Data for

Cobalt Compounds,'Co(CO)hMX3 :

59

35

Cl.and

37

Cl in Tetracarbonyl

354

Ligand, L Temperéture 5900 Resonande’ (MHz ) ) eQqg b (MA.) C1 370y
°C. v. v v, 22 S _
3 : 2 1.
51C1,- 25 - 27.957 (100) 18.500 (50) 9.825(3) 0.13 130.67 19.225(25)  15.137(5)
‘ : S - ¥19.060(25) 15.007(5)
’ _ ‘ - 18.975(25)  1k.953(5)
-88 18.675 (50) - %¥19.175(25)
-12h - 18.750 (12) *¥19.275(5)
-150 18.800 (5) ¥19.307(5)
GeCl3- 25 . 34.620 (5) 23.090 .(10) } 0 161.56
. 34.150 (5) 22.770 (10) : | 159.37 -
" GeBrs- 25 34.573 (10) -22.918 (5) 0.12 161.34
GeIq 25 - 3L.078 (10) 22.694 (5) 0.0k 159.08 -
SnCls- 25 35.025 (10) 23.37% (20) 11.675(5) O - 163.45 19.880(3)
: . =90 o 23.687 (15) - ‘ S o :
<133 . 23.785 (7)
ST 23.835 (7) I
SnBr3- 25 - 34.2692(100) 22.7900(100) 11.650(4)  0.06 '159;91
Sn13-' 25 . 32,786 (100) 21.815 (100) 11.052(4)  0.06 153.04
(CgH5)3Si- 25 21.662 (1)  14.434 (9) 0o 101.09
(CgHs) 3Sn- 25  22.30k (7)  14.852 (10) 0.05 = 10k.11
(CeHs5)3Po- o5 23.741 (11)  15.806 (9) 0.05 . 110.82 -

a.,. e e s . . .
Figurcs in parenthesis are signal to noise ratios.

The lempersiture dependence of the central 35C1 resonance was observed.

18

qu27 is caleculated {rom the observed values for'v2 and V3 using the Delmelt and Kruger expressicns.
% 4 . _ v

-L-

GTSQT-THON
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s 5/2 =% 7/2, £ 3/2 > 5/2, and £ 1/2 » £ 3/2, resPectively.16’19 In all

(18) H. Demelt and H. Kruger, Z. Physik., 130, 385 (1951).

(19) M. H. Cohen, Phys. Rev., 96, 1278 (195k).

cases, the deviatiohs from éxiai‘symmmetry as measured by the asymmetry
pérameter, n, are small;vand can be attributed to tﬁe packing of the

molecules in the solid state. Chlorine resonances (both 3501 and 37C1)V
were detected in a number of.comﬁounds. For these nuclei (I = 3/2)only
one transition, the % 1/2 - 3/2, is observed. The ratio of the 3501 to

3Te1 resonant frequencies is 1.269 for nuclei in equivalent lattice sites. .

The quadrupole resonance data obtained are listed in Table I. The lovest

>9-Co resonance is always of low intensity and could not be located in some

cases.

It is evident from the data that the asymmetry parameter for cobalt
- in all coﬁpounds stﬁdied is zero or nearly so. This resuit is in keeﬁing_
with tne trigonal symme%ry_expected for the moiécﬁlar sbecies. ngiatipns

from trigonal symmetry as in SiCl3Co(CO)h for which crystal structure

. ." X b s X " :
information is available, results from crystal packing, i.e., the molecule

occupies a lattice site of iower than trigonal symmebtry and_is slightly
~distorted. This distortion, which results in a small non-zero value for
tne aSymmetry.parameter leads to a multiplicity of closely spaceq chlorine
resonances. | |

It is appareﬁt from tﬁe data that the S9Co resonaﬂceé are strongly
deperndent upon the nature of the ligand bonded on the three-Told axis.

‘In order to simplify the interpretation of the changes in thebquadrupole
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éoupling constantiwith variétion of the 1igaﬁd, itvis useful Lo ascume
that the'ge§metry of the moleculés is constant.' Variables in the geometry
which might be important are the angle made between the equatorial CQ-and
radial CO, and the departure from three-fold symmetry-of the equatoriél
carbonyls (ef.,” Fig. 2). If these angles were to vary considerably from
one substituent to the next, the interpretation of the field gradient
rould be complicatéd considerably. It dqes not. appear, however,:that

kY

these angles are subject to a great deal of change. In SiCl3Co(CO)u;u

(06H5)3PAQCo(co)u,6 and Hg[Co(CO)u]e,S the equatorial CO-M-radial CO

" angle is 89°, somewhat greater than 90°, and 93°, respectively. Although

the mercury case is somewhat extreme, the available data as well as the

“data for analogous manganese COmpounds,.LMn(CO)S,suggest.that the angle

is about 90° to 95° for the ligands studied there. This range is
sufficienﬁiy small so that changés_iﬁ thevorbital populétion resulting
from angle vériations should be small. The departure from three-fold
Symmetry of the equatoridl carbonyls is likewise small.

It is convenient to consider the quadrupole couplinglconstants‘in
térms of the occupancy of valence atomic.orbitals since it is the.ele;trén

density in these orbitals which determines field gradient in molecular

vsolids. On the basis of arguments presented elsewheréll applicable to the

present series of compounds it is possible to proceed by accounting for.

' the variations in the field gradient in terms of changes in the populations

of oniy the 3d orbitals of cobalt. It can be shown from various argitnents,
that the field gradient due to an electron in the lLp orbitals is at least
a Tactor of 4 or 5 lower than for an electron in the 3d orbital.  In addition,

b

the Lp orbitals would be expected to have a low population of electrons
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relative to the population of the 3d orbitals in these trigonal étructures.

Because of the spherical symmetry of the bs orbital, its electron populations

©

does not contribute to the field gradient.
. ¢
The molecular field gradient, Q7 can be expressed in terms of the . vi-
various types of 3d electrons using the relationship of the field gradient

to angular momentum, i.e.
Ugn = Lugoll = 3m7/2(2 + 1) _» (1)

In a valence bond20 or molecular orbital theory,el qzz arising from the 3d

(20) C. H. Townes and B. P. Dailey, J. Chem. Phys., 17, 782 (1949).

(21) F. A. Cotton and C. B. Harris, Proc. Natl. Acad. Sci. U.S., 56,

12 (1966)._

- 2
‘electrons, can be expressed in terms of atomic orbital populations, 2

(22) R. S. Mulliken, J. Chem. Pnys., 23, 1841 (1955);

oce » occ ‘ :
Nj = 5 Nk Cjk + Z z Nk Cik Cjk Sij e
k k e
9z q320{Naze + 12 (Naxz * Nayz) - (Ndxy * Ndxe-yQ)] - (@) "

Since the field gradient arising from a 3d,o electron or 300 is itself
& negative quantity, it is instructive to consider the sign of the molecular

’field gradient, q,,- Assuming no covalency, one would predict a positive



&

e
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molecular field gfadient insofar as the orbital populations, (N1, would

N .
is far too great to account for the observed field gradients in %these

be 3d o, [0}, 3dxy’ 3d o o [h],‘andv3dxz, 3dyz’ (4). Tnic value, however,

trigonal complexes. The relative populations of the 3d orbitals in

MXSCO(CO)M compounds should be similar to those in the isoelectronic and

Table II. Orbital Populations in re(C0),

‘Orbital — ' Population
e I
3axz' 3dyz . | : | 1.32
34,0 34,0 0 1.43
Tz o ‘
)“‘px: )f‘py . . 3 ] - _ . 0.17
bs ’ - 0.27

: , o : : R ' o N ,
“isostructural Fe(CO)5. Table II lists the orbital pOpulations“3 calculated

(23) A. F. Schreiner, Ph.D. thesis, University of Illinois, 1967.

A

Sce A. F. Scareiner and T. L. Brown, J. Amer. Chem. Soc., 90,

3366 (1968) for details of the MO model.
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for Fe(C0), and illustrates that indeed, the calculated field gradient
still remains positive. We may therefore expeét that thé molecular
field gfadient in the cobalt compliexes is also positi?e.
Utilizing Eq. 2, it can be seen that the change in the magnitude
of qQ,,» can be rélated to.the bonding interactions of the cobalt with
the MX3 group in three ways. First, there can be a change in the populatibn
of the 3&22 orbital as a result of'variable o donating properties of
MXS, In-generél, q,, increases with a deéréased ¢ donation to Co from

MX3. Secondly, there may be a decrease in the population’ of the 3dxz'

34, orbitals because of increased x bonding to the MX, group. This.

3
would also result in an increased molecular field gradient, S Thirdly,
it is, of course, well recognized that there is a complimentary character' ,

in the relative o donor-n acceptor characteristics of a given ligand

system; therefore, inductive release on thevpart of MX, through the o M-Co

3 v _
bond, resulting in a decreased q,,’ should occur with increased M-X x bonding.
This is consistent with the general notion that n acceptor characteristics

o

of M places charge in the ligand from either X or Co, which in turn
induces greater o donor strength to the Co. Since the n and ¢ forms of -
bonding have opposite effects on q,,7 it is not clear, é p{igzi, that.
there will be evidence of s bonding from.the values obtained from the

c
s - .y .
9Co nuclear quadrupole resonance. At any rate we cannot quantitatively

- separate the two effecis. However, from the general trends seen for the

\1

3 ' e ‘ . : .
“Co nuclear guadrupole resonances as tabulated in Table I, one can in a

£ 4

valitative fashion, assign the effects based predominantly on a g, n, or

7 induced ¢ interaction.
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From.tﬁe:analysisvef thevdate in Table I it is poésible to male some
unambigueus generalizations cOncerniﬁg the bonding of the MX3 group
to the'eobalt. | |

It can.be seen that the more electron releasing’triphenyl eubstituents
lead to much lower frequencies indicative of the increased ¢ bond order
between cobalt and M. The small differences tﬁat exist between the silicon,
tin,'and leed triphenyl substituted compeunds cannot at this point bee
“interpreted as being due to differences in the o,dr st framework of the
Co-M bond. |

In the halo- substltuted tin complexes, changes in the field gradient

 in the series SnCl SnBr3, and SnI3, represents an 1ncrease in the relative

3’
electron-relea31ng ablllty of the ligand as the halogen varies.
. The trihalo substituents are all_grouped closely togetner, with the..

" exception of the Tow frequency for SiClBCo(CO)h..lThe'low frequency must

farise froﬁ an enhanced o doﬁor character for the S_iCl3 group. This |

venhanced 6 donor character might, hewever; be_a property of @he S;Cl3
mqiety itself, or might arise as a result of dﬁ;dﬂ interaction between Co
and Si. 4t is unlikely tﬁet_the létter mechanrsmlis operative, since
’there is no evideﬁce for it in the triphenyl series. The more plausible
explanation, therefore, is that the 1ncreased ¢ donation of the SlC¢ﬂ group

to cooalt arises from bonding effecto w1th1n the 8iCl group. If extensive

' 3

5i-Cl dﬂ-pﬂ bonding occurs in chlor051lane compounds, negative charge §

15 trahsferred from chloriﬁe to silicon. 'This electron density on the

silicon inductively increases the ¢ donor character of the SiCl, mofety.
: 2

It is interecting to note that the variation iﬁ the molecular field

gradient in the series SnCl,, GeCl., and SiCl. parullels the variations
. o 3 2 -
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- o
- Table III. Comparative 3)01 ngr Frequencies for

.. Chloro Derivatives

- Compound - 3dn (Miz) A(Miz) Ref.
SHOTY : 20.41 . o : 27, 28
Co(CO)RSiCl3 19.08 ' 1.33 ea-
C,H 811, 19.11 .30 g7
GeCl), o o 25.66 o L 28
Co(C0),GeCL, ,  | .- | - R -
C,fisCeCly _» - eauke _ R T-U 8
SnCly, ' _ | 2h. 1L o | .- | | - o o R
Co(C0),,8nC1, 19.88 hoo6 29
: n—chH7SnCl3 ' | | 21.56 - N .'2.58 o 30

a AP ~
: Not observed.

2

(27) I. P. Biryukov, M. G. Voronkov and I. A. Safin, Dokl. Akad. Natur.

SSSR, 165, 857 (1965).

(28) M. G. Voromkov and I. P. Biryukov, Teor. Eisp. Knim, 1; 124 (1965).

(29) . 0. Hooper and P. J. Bray, J. Chem. Phys., 33, 335 (1960).

(30) Z. D. Swiger and J. D. Graybeal, J. Amer. Chem. Soc., &7, 1h8k (19585).

g’
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. »i '
in the_l3C-H coupling constants in the series CH,SnCl, dﬁ'(1h3 Hz),
. . . 4

3

(24) - K. Stark and T. L. Brown, J. Phys. Chem., 69, 2679 (1965).

CH3G¢C13v25.(138_Hz), and CH3SiCl3 2k (126 Hz). The 130-proton coupling

(25) D. F. Van de Vondel, J. Organometal. Chem., 3, 400 (1965).

constants reflect the effective o donating ability of the group tonded to

26

the CH3 ard thus, are a measure of the ¢ (as opposed to %) bonding

(26) T. L. Brown and J. C. Puchett, J. Chem. Phys., kk, 2238 (1966)..

properties. -SeCondéry support for thiS'contention can be obtained

35

from the ““Cl nuclear quadrupole frequencies for these compounds (Table III).

35

t is to be noted that the ““Cl frequency :is essentially unchanged upon

‘repiacement of a chlorine in going from SfClu to SiC13Co(CO)u or CEHSSiCl3'

This suggests that the Si-Cl dn-px bonding effectively blocks field

gradient changes with group substitution.  In the corresponding series
) =Y P ’ p 153 .

with SnClu, SnCl Co(CO)br and n-CuH SnCl, by contrast, it is observed

3 7 3
35

that there is a substantial change in the ““Cl quadrupole resonance.

nis is indicative that the Sn-Cl bond does not determine the interactions -

via 7 vonding nearly as extensively as in the analogous silicon compounds.’

There is evidence of Co-Ge and Co-Sn w bonding from the analysis

of the data presented in Table III. The substitution for a Cl by CO(CO)u

compared to an n-CuH moiety in SnClL.results in a substantially smaller

7
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field‘gradient at chlorine. If the SnCl3'group,acts as. a x accephor

towards Co, one would expect this form of charge transfer to the tin to
. Cis . . . o L 35
result in an additional polarization of the Sn-Cl bond; thus, a lower ~““Cl

nuclear quadrupole frequency, as observed. This result is alco consistent.

3’ 3 3

‘with the trend of 2o frequencies in SiCl
Pi bonding between cobalt and tin or germanium should result in an

SnCl. and GeCl derivativés,'

.increased 9., at the cobalt. Such is observed; however, it is difficult .
/ . “ . :

, : ° _ S - _ : : .
1o place gquantitative estimates on tne importance of = bonding between

the cobalt and tin, since other variablé factors, in.particular the‘

¢ bonding, contfibutés to the fiél& gfadieﬁt at the cobalt. It is
interesting'ﬁhat ihe'Co frequencies are essentiglly‘invariant in the
Séries GeCl3,;GeBr3, GeIé.k'In terms of a simple halogen o effect as
obsefved in thé tin series, one Would ek?ect q,, at cobalt to decrease
ih'the oider listed. .The fact that_this does not occur canﬁot,'howevér,
be accounted for in terms of dn-dm bonding from cobait to gérmanium.

In the absence of chlorine-germanium n bonding one would expect such
3

“an interaction to be greatest for GeCl
would lead.to & higher gzz’ through dgpopulatlon of-dxz'agd dyz on cobalt,

o~

“ore, that

1

contrary to the observed results. - It must be concluded, there

(97}

the essential constancy of Ay in the halogermanium series is due to a

veriation in the germanium-halogen = bonding, in the order C1 > Br > I.

In principle, it should be possible to obtain a reflection of the

aifference in the degree of Co-Sn versus Co-Si = bonding from the temperature

s A any D
ag¢pendence of the ?

Co guadrupole freguency. The observed temperature’
VWrether this results from the presence of lower frequency vibrational

modes in the tin compound, or is @ rceflection of more extensive x bonding,

-

But a cobalt-germanium n interaction

dependence of the cobalt in SnCl3Co(CO)L is greater than that for SiC1.Co(C0),.
t - > LT

.
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is not possible to say at this Juncture. It would be expecied, hovever,
thet intermolecular motions should have a particularly small elfect
on the field gradient in the cocalt since it is the central atom of the

molecules.
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Figure 2. Field gradient coordinate system and geomefry in Co(CO)hMX

' compounds.
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