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The Pure Nuclear Quadrupole Resonance Spectrum of Cobalt-59 

in Adducts of Cobalt Tetracarbonyl, MX
3
CO(CO)41 

2a,3 2b . 2b 3 
Theodore L. Brown, P. A. Edwards, Charles B. Harris, I 

and Joseph L. Kirsch2a 

ABSTRACT 

. The 59Co pure nuclear quadrupole resonance spectra of a series of 

trigonally coordinated cobalt complexes, MX
3
CO(CO)4' where M = Si, Ge, 

Sn, Pd, and X = Cl, Br, I, and C6H
5

, are reported. The 35,37 Cl quadrupo,le 

resonance in SiCl
3
Co(CO)4 are also reported. The variation in field 

eradients obtained from the quadrupole coupling constants in these 

molecules can be interpreted in terms of a and ~ bonding of MX3 to the 

cobalt. In certain cases explicit a or ~ effects can be separated. 

'Finally, strong evidence for the existence of Si-Cl d~-p~ bonding is 

presented. 

(1) Paper III in the series Transition Metal Nuclear Quadrupole Resonance 

by CBH and co-workers. 

(2) a. Noyes Chemical Laboratory, University of IllinOis, Urbana, 61801. 

b. Department of Chemistry, University of California, Berkeley •. 

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

Recently a series of compounds, MX
3
Co(CO)4 (M = a group IV element 

and X = halide or organic group), have been synthesized. These orga.."lo-

metallic complexes represent a general class of trigonally coordinated 

( ) .4-6 . . C
3 

cooalt characterlzed by heteronuclear M-Co metal-metal bonds. v . 

(4) w. T. Robinson and J. A. Ibers, InorB·Chem. , ~, 1208 (1967). 

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

(6) B. T. Kilbourn, T. L. Blundell and H. M. Powell, Chern. Conun., 444, 

1965. 

Unlike alkyl and hydride derivatives of cobalt tetracarbonyl, they exhibit 

high thermal stability. It has been suggested that this can be associated 

or correlated with strong M-Co n bonding since it is only when M is 

characterized as n acceptor that the compounds appear to be more stable. 

Infrared studies of the carbonyl modes and other physical data have been 

reported to provide evidence for the existence of extensive nOOnQing,7-10 

(7) a. D. J. Patmore and W. A. G. Graham, Inorg. Chern., .§' 981 (1967)~ 

O. Ibid., 7, 771 (1968). - - . 

(8) A. P. Hagen arid A. G. McDairmid, Inorg. Chern., ~, 686 (1967). 

(9) L. Marko, G. Bor, G. Almasy and P. Szabo, Brennstof~ Chern., 114, 194 

(10) O. Kahn and M. Bigorgne, J. Orc;anornetal. Chern., 10, 137 (196rO; 

• 

II: 
I· 
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however, no conclusive results have heretofore been put forth to separate' 

1C from the a effects • 

Because nuclear quadrupole resonance provides a probe capable of 

elucidating small changes in the electron distribution in molecules, it can, 

along with other spectroscopic and structural information, provide new 

inSiGhts into' the nature of the Co-M bond for a variety of MX3 species. 

Furthermore, when the quadrupole nucleus, 59Co, is at the origin of a 

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

to separate changes in a and1C bonding in a series of isoelectronic and 

isostructura1 molecules. 11 We therefore report here the study of the pure 

(li) See C. B. Harris, Inorg. Chern., 1, 1517 (1968), and references therein. 

nuclear quadrupole resonance spectra of 59c~ in the above compounds. 

EXPERrnENTAL 

Synthesis. Synthetic procedures for the substituted tetracarbony1. 

compounds were taken from the 1iterature. 7,IO,12 Reactions were carried out 

(12) A. J. Chalk and J. H. Harrod, J. Amer. Chern. Soc., 87, 1133 (1965). 

on a scale large enough to provide 3-5 grams of pure pr.oducts. All samples 

.... ere icientified by carbon, hydrogen, and where appropriate, halogen analysis 

a~ci their purity was further confirmed by infrared spectra usually taken 

after repeated sub1imation to insure the absence of bands in the carbonyl c· 
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stretching region due to impurities in the form of other cobalt carbonyl 

compounds. All compounds were sealed under a nitrogen atmosphere to 

insure against decomposition. 

Nuclear Quadrunole Resonance Spectra. The spectra obtained at the 

University of Illinois were obtained with a self-quenching zeeman modulated 

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

by Graybeal and Croston,13 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, des~gned at the University of Illinois but 

patterned after that reported by Peterson and Bridenbough14 was employed 

(14) a. G. E. Peterson and P. M. Bridenbough, Rev. Sci. Instr., 35, 698 

(1964). 

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

to maintain the appropriate oscillator conditions for wide range scanning • 

. A modulation frequency of 100 Hz was applied to a pair of Helmholz coils 

which provided a magnetic field of approximately 50 gauss. Phase sensitive 

• 

( " y) 

detection was accomplished through a Princeton Applied Research Laboratory t 

Model JB5 lock-in-amplifier. Spectra were normally obtained using a sweep 'wI 

rate of about 1 MHz per hour, and an 8 second time constant. 

Frequencies were measured in most instances to an accuracy of 

approximately 1 KHz, utilizing a Drake Model R-4A receiver fitted with a 

~rcqucncy converter which permitted continuous tuning of the receiver over 
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a \vide range of frequencies by selection of a suitable. crystaL The 

receiver was equipped with a 100 KHz calibrator'~nd the dial is scribed 

units of KHz. Using this arrangement, it was possible to place calibrating 

markers on the recorder chart paper with an event marker at convenient 

intervals. Interpolation between such markers provides a measure of any 

desired frequency to an accuracy of 1 KHz. When problems of distinguishing 

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

0.05 MHz could be obtained by a Tektronix spectrum analyzer coupled to a 

convenient frequency reference. 

The spectrometer employed at the University of California is a high 

povler push-pull super-regenerative spectrometer. 15 In the case of 

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

SriBr3Co(CO)4 the frequencies were detected and measured by a fast-sweep 

marginal oscillator. 16 Frequencies were measured by spectrum analyzing 

(16) M. D. Fayer and C. B. Harris, unpublished work. 

, .. 17 
~ecnnlques. 

(: 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 consists 

of a pair of coaxial, rectangular pipes fabricated of Plexiglass, which 
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provide for the passage of nitroGen (obtained from bOilinG off liquid 

nitroGen) over the sample, through the surroundinscell compartments, and 

out. Temperatures to -170°C were readily obtained by control of the 

nitroben boil-off rate. 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, q, around a given 

nucleus. A requirement fora nucleus having a quadrupole moment is that 

its nu.clear spin be greater than 1/2; for 59Co, I = 7/2 and the requirement 

for an finite field gradient is that the total electronic potential surrounding 

the given nucleus be neither spherical nor cubic in symmetry; in the case 

of the MX3CO(CO)4 compounds, the symmetry is C3v• One expects, therefore, 

to measure a field gradient which can be related. via a valence bond or 

molecular orbital interpretation to the electron distribution'irtdicative . 

of the oonding in these compounds. Because the cobalt is located on the 

principal axis of the C
3v 

point croup, the populations of variOus valence 

orbitals can be Telated in a simple way to the aneu,lar momentum i'unctions 

. of the electrons which diagonalize the field gradient tensor. In this way, 

·one can, in principle, distinguish electron populations representative of 

n ~nd a oonding. Three radio frequency transitions are expected for a 

nucleus with a spin of 7/2. When the cobalt nucleus experiences an axially 

syr: .. ,'netric field gradient tensor due to the three-fold axis, relative transition 

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

,I' 

, I '. 



.: , 
)a .i2.. 

Table I. Pure Quadrupole Resonance Data for 59Co , 35C1 and 37 Cl in Tetracarbonyl 

Cobalt Coml'ou~1fls, Co (CO) 4MX3 
---------- ======~==================-=-=--=-- ---
IJic;ancl, L 

SiC13-

GeC13-

GeBr3-

Gel3 
SnC13-

Te,:'perature 
°c. 

25 

-88 
-124 
-150 

25 

25 
25 

25 
-90 

..;133 
-154 

SnBr3~ 25 
Snl3- 25 

(C6H5)3Si- 25 
(C6H5)3Sn- 25 

(C6H5)3Yo- 25 

apo . - -.I-" • Jcurcs en !>c..r'C:1I.,I:CS1S 

59C R ° a (M!{ ) - 0 esonance 1 Z 

v3 v2 VI _ 

27.957 (100) 18·500 (50) 9·825(3) 

18.675 (50) 
18.750 (12) 
18.800 (5) 

34.620 (5) 23.090 (10) 
34.150 (5) 22.770 (10) -

34.573 (J.O) -22·918 (5) 
34.078 (10) 22.694 (5) 

35.025 (10) 23.375 (20) 1l.675(5) 
23. 687 (15) 
23·785 (7) 
23. 835 (7) 

31+.2692(100) 22.7900(100) 11.650(4) 
32.786 (100) 21.815 (100) 11.052(4) 

21. 662 (111-) 14.434 (9) 
22·304- (7) 14.852 (10) 

_23·71n (11) 15.806 (9) 

are sienal to noise ratios. 

1) 

0.13 

0 

0.12 
0.04 

0 

0.06 
0.06 

0 
0.05 

0.05 

b eQq (NH) 35C1 zz 3 

130.67 19.225(25) 

161.56 
159·37 
161.34 

159·08 

*19·060(25) 
18·975(25) 

-1<°19.175(25) 
-1<°19. 275( 5) 
*19·307(5) 

163·45 19. 880(3) 

159·91 
153.04 

101.09 
101~.11 

- 1l0.82 

• 

: eQqzz Is cOoJeu] a.ted fro):) tIle observed values for v2 and v3 usinG the Dehmelt 
°The teLI)E:Yature de:pcndence of the central 35Cl resonance v:as observed. 

and Kru[:cr c).."},l'cssicns .18 

37C1 

15.137(5) 
15.0~)')(5) 
14·95:)(5) 

I 
-J 

~ 
I 

~ 
VI 
I-' 
VI 
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.£1 19 
± 5/2, and ± 1/2 -+ ± 3/2, respectively . .J. , 

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

(19) M. H. Cohen, Phys. Rev., 96, 1278 (1954). 

In all 

cases, the deviations from axial symmmetry as measured by ,the asymlTletry 

parameter, ~, are small, and can be attributed to the packing of the 

molecules in the solid state. Chlorine resonances (both 35C1 and 37Cl ) 

\-lere detected in a number of compounds. For these nuclei (I = 3/2) only 

one transition, the ± 1/2 -+ 3/2, is observed. The ratio of the 35Cl to 

37 Cl resonant frequencies is 1.269 for nuclei in equivalent latt'ice sites. 

The quadrupole resonance data obtained are listed in Table I. The lm'lest 

59Co 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 compounds studied is zero or nearly so. This result is in keeping 

with tne trigonal symmetry expected for the molecular species. Deviations 

from trigonal symmetry as in SiC1
3
CO(CO)4 for which crystal structure 

in:forrr..ati~n is available, 4 results from crystal packing, i. e., the r.iolect;.le 

occupies a lattice site of lower than trigonal symmetry and. is slightly 

distorted. This distortion, which results in a small non-zero value :for 

tne as~r~etry parameter leads to a multiplicity of closely spa~ed chlorine 

resonances. 

It is apparent from the data that the 59Co resonances are strongly 

dependent upon the nature of the ligand bonded on the three-fold axis. 

:n'order to simplify the interpretation of the chanGes in the quad.rupole 

• i \ 



,\ 
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coupl:i.ng constant with variation of the ligand, it is useful to as:::ume 

that the geometry of the molecules is constant. Variables in the geometry 

which might be important are the angle made between the equatorial CO and 

radial CO, and the departure from three~fold symmetry of the equatorial 

carbonyls (cf., Fig. 2). If these angles were to vary considerably from 

one substituent to the next, the interpretation of the field gradient 

vlould be complicated considerably. It does not appear, hOl'lever, that 

these angles are subject to' a great deal of chanee. In SiC1
3
CO(CO)4,4 

(C6il5)3PAUCO(CO)4,6 and Hg[CO(CO)4J2,5 the equatorial CO-M-radial CO 

anele is 89°, somewhat gr~ater than 90°, and 98°, respectively. Although 

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

data for analogous manganese compounds, LVm(CO)5,suggest that the angle 

is about 90° to 95° for the ligands studied there. This range is 

sufficiently small so that changes in the orbital population resulting 

from angle variations should be small. The departure from three-fold 

symmetry of the equatorial carbonyls is likewise' small. 

It is convenient to consider the quadrupole coupling constants in 

terms of the occupancy of valence atomic orbitals since it is the electron 

density in these orbitals which determines field gradient in molecular 

solids. 11 On the basis of arguments presented elsewher~ applicable to the 

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

ti1e variations in the field r;radient in terms of chunr;es in the populations 

of only the 3d orbitals of cobalt. It cun be shown from various ar[;lunents, 

-.:;i1at tr.e field c;radient due to an electron in the Li-p orbitals is at least 

a ra.ctor of 4 or 5 lower than for an electron in the 3d orbital. In addition, 
',' 

tile liP orbi tuls would be expectccl to have u low population of electrons 
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relative to the population of the 3d orbitals in these triGonal structures. 

Because of the spherical synunetry of the 4s orbital, its electron populations 

does not contribute to the field gradient. 

TIle molecular field gradient, q , can be expressed in terms of the zz 

various types of 3d electrons using the relationship of the field gradient 

to angular momentum, i.e. 

2 
a n (1 - 3m / .e (.e + 1 ) 
!lAlO 

(1) 

20 21 In a valence bond or molecular orbital theory, qzz arising from the 3d 

electrons, can be expressed in terms of atomic orbital pOPulations,22 

(22) R. S. Mulliken, J. Chern. Phys., 23, 1841 (1955); 

occ 2 
Nj = ~ Nk Cjk + 

occ 
L: 
k 

L: NkC.kC.kS .. 
~ J ~J 

= q - 20 [N , + 1/2 ( Nd + Nd ) - (Nd + Nd· n 2)] 
j . Uz2· xz yz . xy x~-y 

(2) 

Since the field gradient arising from a 3dz2 electron or q320 is its~lf 
~.' 

a negative quantity, it is instructive to consider the sign of the molecular 

field gra.dient, q • Assuming no covalency, one would predict a positive . zz 

! ... 

,I 

." 
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molecular field gradient insofar as the orbital Ilopulations, ern, v/ould 

be 3d 2' [OJ, 3d , 3d ~ r;" [!d, and 3d , 3d ,[4]. Ti1le valu~, hoy/ever, z xy x~-y~ . xz yz 

is far too great to accow1t for the observed field gradients in these 

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

r,'IX
3
Co(CO\ compounds should be similar to those in the isoelectronic and 

Table II. Orbital Populations in Fe(CO)5 

Orbital Population 

3dz2 1.23 

3dxz ' 3dyz 1·32 

3d , 
xy 

3dX2_y2 1.43 

4"0 ·z 0.07 

4p , 
x 4py. 0.17 

4s 0.27 

isostructural Fe(CO)5' Table II lists the orbital pbpulations23 calculated 

(23) A. F. Schreiner, Ph.D. thesis, University o'f Illinois, 1~)67. 

See A. F. Sci1reiner and T. L. Brown, J. Amer. Chern. Soc., 22, 

3366 (1968) for details of the MO model. 
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for Fe(CO)5 and illustrates that indeed,the calculated field gradient 

still remains positive. We may therefore expect that the molecular 

field gradient in the cobalt complexes is also positive. 

Utilizing Eq. 2, it can be seen that the change in the maGnitude 

of q , can be related to the bonding interactions of the cobalt with zz 

the MX3 group in three ways. First, there can be a change in the population 

of the 3d 2 orbital as a result of variable a donating properties of z 

In general, q increases with a decreased a donation to Co from 
zz 

Secondly, there may be a decrease in the population'of the 3d , xz 

3Q
yz orbitals because of increased n bonding to the MX3 group. 

\"ould also result in an increased molecular field gradient, q • zz 

This ; 

Thirdly, 

it is, of course, well recognized that there is a complimentary character 

in the relative adonor-:J{ acceptor characteristics of a given ligand 

system; therefore, inductive release on the part of MX3 through the aM-Co 

bond, resulting in a decreased q , should occur with increased M-X n bonding. zz 

This is consistent with the general notion that :J{ acceptor characteristics 

of !vi places charge in the ligand from either X or Co, which in turn 

induces greater a donor strength to the Co. Since the :J{ and 0- forms of 

bonding have opposite effects on qzz' it is not clear, .~ r?£i'?J:~' that 

there will be evidence of :J{ bonding from the values obtai'hed from the 

59Co nuclear quadrupole resonance. At any rate we cannot quantitatively 

Sc1}arate the t\vO effects. However, from the general trends seen for the 

ro 
:J:JCo nuclear quadrupole resonances as tabulated in Table I, one can in a 

<;:..:.alitative fashion, assign the effects based predominantly on a vJ n, or 

:J{ induced G interaction. 

o 
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From the analysis of the data in Table I it is possible to make some 

unambiguous generalizations concerning the bonding of the MX? Group 
...i 

to the cobalt. 

It can be seen that the more electron releasing triphenyl substituents 

lead to much lower frequencies indicative of the increased (J bond order 

beb:een cobalt and M. The small differences that exist between the silicon, 

tin, and lead triphenyl substituted compounds cannot at this point be 

. interpreted as being due to differences in the (J .or n framework of the 

Co-M bond. 

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

in the series SnC1
3

, SnBr
3

, and SnI
3

, represents an increase in the relative 

electron-releasing ability of the ligand as the halogen varies. 

Tne trihalo substituents are all grouped closely together, with the 

exception of the low frequency for SiC13CO(CO\ •. The" low frequency must 

arise' from an enhanced (J donor character for the SiC1
3 

group. This 

erillanced (] donor character might, however, be a property of the SiC1
3 

moiety itself, or miGht arise as a result of dn-dll interaction between Co 

ar.d S1. It is unlikely that the latter mechanism is operative, sinCe: 

there is no evidence for it in the triphenyl series. The more plausible 

explanation, therefore, is that the increased (J donation of the SiCL, group 
. . . ~ 

to cobalt arises from bonding effects within the SiC1
3 

group. If extensive 

S:i-Cl dn-pre bonding occurs in chlorosilane compounds; negative charge 

::'s transferred frolT. chlorine to silicon. This electron density on the 

s::'l::'con inductive:i.y i.ncreases the (] donor char:acter of the SiCl..., moiety • 
.) 

It 1;; intcre:;tinc to note that the vu:riution .i.n the molecular fi.eld 

e·racii.<::nt in the: series SnCl?, Ge:Cl-. u.nd SiCL. parc41lels the var:i.ut:Lo:1S 
~ .) j 
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Table III. Comparative 35C1 nqr Frequencies for 

ChIaro Derivatives 
,-

Compound 35C1 (MHz) 6(MHz) Ref. 
.V 

SiC14 20.41 27, 28 

Co( CO \SiC1
3 

19·08 1. 33 

C,}LSiC1
3 c;. ::> 

19·11 1. 30 27 

GeC14 25.66 28 

Co(CO\GeC1
3 

a 

C2li5
GeC1

3 
22.42 3·24 . 28 

SnC14 24.14 

Co ( CO) 4SnC13 19. 88 4.26 29 

n-C4n7
SnC1

3 
21.56 2.58 30 

a r\' ';:) • ;; 10" 0 servea.. 

(27) I. P. Biryulwv, M. G. Voronkov and I. A. Safin, Dok1. Al~ad. Natl1r. 

SSSR, 165, 857 (1965). 

(28) M. G. Voronkov and I. P. Biryukov, Teor. E}:sp. Krlim, 1, 124 (1965). 
• 

(29) i1. o. U' •. ooper and P. J. Bray, J. Chern. P:;.ys. , 33, 335 (1960) . 
, . 

(30) z. D. S'diger and J. D. Graybeal, J. AmcY'. Chern. Soc. , 87, 1464 (1965) • '" 
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13 21+ (11 ') .. ) in the C-H couplinG constants in the series CH
3
SnCL ... f J liZ , 

j 

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

(25) D. F. Van de Vondel, J. Organometal. Chem., 1, 400 (1965). 

constants reflect the effective 0 donating ability of the group bonded to 

the CH" 26 and thus, are a measure of the 0 (as opposed to 1!) bonding 
.) 

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

properties. Secondary support for this contention can be obtained 

from the 35C1 nuclear quadrupole frequencies for these compounds (Table III). 

It is to be noted that the 35Cl frequency is essentially unchanged upon 

replacement of a chlorine in goinG from SiC14 to SiC1
3
Co(CO\ or C2H

5
SiC1

3
• 

7~is suggests that the Si-Cl d1!-p1( bonding effectively blocks field 

gradient changes with group s~bstitution. In the corresponding series 

\-lith Sr,C14, SnC1
3
Co(CO\ and n-Cl~H7SnC13 by contrast, it is ob::wrved 

that tnere is a substantial chance in the 35Cl quadrupole resonance • 

. Tniz is lnciicati ve tc~at the Sn-C.l bond does not determine'the interactions' 

via. j( bonding nearly as extensively as in the analOGOUS silicon compounds. 

T":1ere is evidence of Co-Ge and Co-Sn IC bondinG from the analys:'s 

of the data presented in Table III. The SUbstitution for a Cl by Co(CO)4 

co:npared to an n-C4H
7 

moiety in SnCl~. results in a substantially smaller 
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field gradient at chlorine. If the SnC1
3 

group a~ts as a n acc0~tor 

t01 ... ards Co, one would expect this form of charge transfer to the tin to 

result in an additional polarization of the Sn-Cl hond; thus, a Im';or 35Cl 

nuclear quadrupole frequency, as observed. This result is al:::o consistent ,~ 

"l::.th the trend of 59Co frequencies in SiC1
3

, SnC1
3

and GeC1
3 

derivatives. 

Pi bonding between cobalt and tin or germanium should result in 8...'1 

increased q at the cobalt. 
/ zz 

Such is observed; however, it is difficult 
I 

to place quantitative estimates on tne importance of rc bonding between 

the cobalt and tin, since other variable factors, in particular the 

o bonding, contributes to the field gradient at the cobalt. It is 

:'nterestingthat the Co frequencies are essentially invariant in the 

series GeC13, GeBr3, Ge13. In terms of a simple halogen cr effect as 

ooserved in the tin series, one would expect q at cobalt to decrease 
zz 

L~ the order listed. . The fact that this does not occur cannot, Lo.,ever, 

be accounted for in terms of dn-urc bonding from cobalt to germanium. 

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

an interaction to be greatest for GeC1
3

. But a cobalt-germanimn rc interaction 

vlould lead to a higher q ,throul!h depo"';)ulation ofd and d on cobalt, ..... ~"""'·w zz ~. . xz yz 

contrary to the observed results. It must be concluded, therefore, that 

tr:(: (:ssential constancy of qzz in the halogermanium series is due to a 

variation in the germanium-halogen rc bonding, in the order Cl > 13:::- > I. 

In principle, it should be possible to obtain a refll~ct~.on of the 

tiiff.::rence in the d0tjl'ce of Co-Sn ver::;us Co-Si Tl bonding from the te:nperature 

d0?e~de~ce of the 
59 . 

Co quadrupole frequency. The observed temperature 

de:pender.ce of the cobalt :i.n snC13Co(CO)!, is c;reater than that for SlCL,Co(CO)I .• 
t ~ . ~ 

i'l:~et{.el· this results from the presence of lower frequc::1cy vibrat~ onnl 

:r.ocl<::.; ir. the t:i.n corr'Ilound, or iz a rc:flection of more extons:i.veJ'( bondinr" 
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is not possible to say at this juncture. It would be expected, f.ow:::ver, 

that intermolecular motions .j3hould have a particularly err.c.ll ef::'ect 

on ti1C field gradient in the cobalt since it is the central ato7fl of the 

:;lo1ecules. 
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Figure 2. Field gradient coordinate syste~ and geometry in CO(CO)4MX3 

. compounds. ' 
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