Submitted to - LBL-2237
J. Am. Chem. Soc. : - Preprint ,
PN

DETERMINATION OF THE ELECTRON DISTRIBUTION IN A
TRANSITION METAL CARBENE COMPLEX BY
X-RAY PHOTOELECTRON SPECTROSCOPY

Winfield B. Perry, Theodore F. Schaaf,
William L. Jolly, Lee J. Todd and David L. Cronin

September 1973

Prepared for the U. S. Atomic Energy Commission
under Contract W-7405-ENG-48

- N
For Reference

Not to be taken from this room

- J

L§22-71d1




DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



-1- : LBL-2237

Determination of the Electron Distribution in a Transition Metal

Carbene Complex by X-Ray Photoelectron Spéétroscopy

Much interest centers on the structure and'bonding of transition

1 ' . ,
’ For a carbene complex in which the carbene

metal carbene complexes.
carbon atom is bonded to a hetero-atom with nonbonding electrons, as in

LMC(OR)R, we may write the following resonance structures.
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We have used X-ray photoeleciron spectroscopy™’

the relative importance of these structurcs in methoxy(methyl)carbene-

5

pentacarbonylchromium(0), (CO)SCrC(OCH3)CH3. Tﬁis complex has sufficient
volatility at room temperature so that we could study it as a gas and
avoid the problems assoéiatedeith solid-state spectra.6 The carbonyls
spectrum is shown in Figure 1. The only featuresvdﬁe to puré'¢ore ioniza-
tion are fhe peak at 292.37 eV and its low bindiﬁg energy shoulder.
Undoubtedly the main peak is principally due to the five.carbonyl carbon
atoms. The shduider and perhaps part of the intensity of the main peak are
due to the other three ca;bon atoms. This band has been resolved by a
least~squares curve-fitting routine into four peaké with intensity ratios
of 5:1:1:1 and binding energies of 292.37(10) 291.7(3), 291:7(3), and

290.4(3) eV, respectively.

in an attempt to determinc
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The band with a binding energy 5.4 eV higher than that of the main
peak, with an'ihtensity 0.18 of that of the main‘péak, is similar to a
band observed in the oxygen ls spectrum, aboutvS.O eV from the main peal,

with a relative intensity of 0.24. These bands we assigned to shakeup,7

just as analogous bands in the spectra of hexacafbonylchromium(O) (Figure
. ‘ 8 -
2) and other chromiimcomplexes have been assigned, Two facts argue

against a carbon ls peak being fortuitously submerged in the shakeup band

of the carbere complex. (1) The intensity of the shakeup band is approxi-'

mately one-sixth that of the main band, corresponding to one carbon atom.
Thercefore if any significant fraction of the observed intensity is to be
ascribed to shakeup, all of it must be,'and none of the inteﬁsity can be
ascribed to a carbon atom. (2) We calculatéd :giative carbon 1ls binding
energies fpf (CO)SCrC(OCH3)CH3 using the potentiél model equation3
(EB = kQ +V + £) and CHELEQ atomic chargesgfll:for 1, IT, 111, and
various hybrids thereof. The only cases for whiéb é carbon binding
energy wasvpalculated to be near that of fhe shakeup band were those for
thch two such binding energiles were cglculated to be much greater than
that of‘the carbonyl carbon'binding energy; these structures were ruled
out because they are obviously inconsistent withjﬁhe spectrum. Ve con-
clude that there is no plausible electronic structure for which a carbén
atom has a binding_energyvuear that of the shakeﬁp-band.

Thus the spectrum shows that none of the carbon atoms in the C(OCHB)CH3
ligand has a binding energy greater than‘that offﬁhc carbonyl carbon atonms.
If we assume a proportionélity bétwéen binding energy and atomic charge,

we may conclude that the compund contains no carbon atom with a high

positive charge. This conclusion is in agrcemeht vith analyses of the

|
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data based on the pdtpntial wodel, in which binding energies were cal-

culated using CHFLEQ %tomic charges. As can be seen in Table I, the
| . S

calculated relative.b?nding ?nergicsvfor two hyb%id str;cturcs agree
fairly well with the éxperiméntal vaiues. If we%increase the percentage
of'structurevII, the fit of the'oxygeg bindirg energies improves, but the
fit of ;he carbon binding energies deteriorates. Vefy poor fits are
obtained fof ﬁybrids veighted more than 80% in either I, II, or III or
weighted less than 207 in I. It appears that (l)‘hone of the ligand
atoms in the carbene complex is highly charged, either negatively or ..
positively, (2) no one resonance structure caa sati&fdctorily account

for the elecfron distribution, and (3) contrdry-;o previcus interpreca-
vtions of othér physical pr0perties,2 strucﬁurc I'cbntribures significantly
to the bonding. The fact that the carbene carton atom bonded to the
chronium atom is less positive than the carbonyl carbon atoms may be
rationalized.by considéring the carbene as a CO,molécule to which two
electropositive'(relagively electron-donating) me;hyl groups have Been
added. | |
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- ‘ ~ Table I ,_f
| Relative Core Dinding Energles and Calculated Atomic Charges -

Compound.and atomf r— Relative EB’ eV-r~"wf3‘. — Caled charge ——y
|
Expt Calced Calcd
3321 . 4% I 33%1 40% 1
672 111 2072 11 ©  67% I1I 20% 11
40% T1I 40% 111
Cr(CO)6 0.0 0.0 0.0 0.21 0.21
o) CrC(oc)C,  -0.7 0.4 -0.5 - 0.20 0.20
x®
(co) CrC(OCH )cu3 -2.7 ~2.3 -3.7 0.10 0.06
(C0) Crc(ocn JCHy  -1.4 -2.1 0 -0.6 0.05 0.11
% <
(CO) CrC(OCH Ty -1.4 -1.3 -2.5 0.04 - 0.02
Cr(CO)6 0.0 - 0.0 0.0 -0.06 = -0.06
(cb) CrC(OCH 3)CH, -0.8°  -0.5 -0.5 ' -0.08 -0.07
* ' .

) CrC(UCH3)CH3 -0.8°  -3.2 -3.0  -0.17 -0.16
CrO c,’ -0.0 0.0 0.0 - 0.9 0.92
Cr(co)6 . 5.4 -5.9 -5.7 . ° -0.¢8 -0.88
(co) CrC(OCH JCH, 6.2 -5.7 -6.0 - -0.76 -0.81

8psterisked atoms correspond to the listed bindlng energies (C 1s,

0 1s, Cr/2p3/2)_and charges. E (cr 2p3/2) = 587.64 eV. CA single O 1s

peak was bbserved, with E = 539, 19 ev. :
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Fligure 1.

Figure 2.

: sﬁperimposed. The weak peak with E
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Figufe Captions

Carbon 1s spectrum of methoxy(methyl)Eatﬁenepcntacarbonyl-

éhromium(o);  The,curve through the péings is the sum of the
computer-resolved curves for individdqi'peaks. Two of the
resolvedbpeaks in thé shoulder of the maih peak are élmost

B
satellite of the exciting radiation.

# 284 eV is due to the

3,4

Carbon ls spectrum of hexacérbonyléhrdﬁium(o). The shakeup

satellite has a binding encrgy 5.5 eV greater than that of

~the main peak. . 7f_-'A -
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