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The allyl group is a commonly encountered ligand in organometallic
reactions1 and catalytic processes.2 The ligand is of particular interest
because it can engage in either nl or n3 bonding to a transition metal;

that is, it can be.either o-~bonded, CH2=CH-CH2-M, or w-bonded,

In this gas phase XPS in&estigation we ha&e studied the nature of the
bonding of the o-allyl and w-allyl groups to manganese by comparing
the core binding energies of (c—C3H5)Mn(CO)5 and (1r-C3H5)Mn(CO)4

with those of CH3Mn(CO)5, (n-C3H7)Mn(CO)5, an(CO)lo, and (n —CSHS)—

Mn(CO)B. In a previoué'study of a wide ﬁariety of LMn(CO)5 compounds,

we observed that the mangaﬁese,'carbonyl carbon . and oxygen'cpre binding
energies are linearlyvcorrelated with one another.3 _Although the
electronegativities and polafizabilities of the L group stﬁ&ied Qarigd
o?ef a consideraﬁle range, the electronegatiﬁities of the L groups were.

not correlated in any obvious way with the corresponding polarizabilities.

If the binding energy shifts were sigﬁificantly affected by changes in

both atbmic charge and relaxation energy, one would expect the relat;ve
pioportiohs of these changes to be different for thé manganese, carbonyl
.carbon, and oxygen atéms, and thérefofe that the binding enérgy shifts
would not be linearly related. .Hence we belie&evthat those résults in-
-dicate that the binding energy.shifts in such closely relatgd'compOunds
are maiﬁly due‘to'changes in atomic chérges and that changes in electronic

relaxation energy are relatively small. This conclusion is supported by



the general observation that calculated relaxation energies for an
atom are similar wheﬂ the bonding environments of the atom are
similar.4 Therefore in this study we shall generally interpret éore
binding energy shifts in terms of changes in_étomic charge.-

The only pré&ibus'XPS study of the allyl group of which we are
aware inﬁol&ed solid complexes containing the (1r-C3H5)Mo(CO)2 moiety.5
Peaks due to the C3H5>group were not deconﬁolutéd, and study of the
bonding of thé allyl'group was not the main thrust of the study.

A typiéal carbon 1ls spectrum, that of (n—CBHS)Mn(CO)4 (Figuge 1);
shows, from left to right, shaké—up, carbonyl cérbon; and allyl car-
_bon bands. Although there are two stereocheﬁically distinct types
of .carbon atom in the n-allyl ligand, resolution was inadequate to
justify decon§olﬁtion of the allyl carbon ls band into two lines.
Similarly, héither.thévo-éllyl nor n-propyl carbon ls bands wére
decon&olutable. -

-The binding enefgy data are gi&eﬁ'in“Table I, where we haQe
iisted the manganese compounds in order of decreasing Mn 2p3/2 bind-
ing energy. Almost without exception, the ordering of the carbonyl
C 1s and O 1ls binding energies is the same as that of the correspond-:
ing Mn 2p3/2 binding energies. "That is, the_charge on a carbonyl

- group is essentially a measure of the charge on the manganese'atom
to which it is attached.
The binding energies of an(CO)10 may be taken as characieristic

of an Mn(CO)5 group attached to a ligand with no charge. Because the
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respectively.

‘manganese and carbonyl groups of the methyl, n-propyl, andbc-allyl

compounds have higher binding energies than those of MnZ(CO)'l0

" (corresponding to positively charged Mn(CO)5 groups in the former

,’compoundS), we conclude that the organic ligands haﬁe net negati?é

charges. Indeed, if we interpret the manganese and carbonyl data

of Table 1 with the potential equation

ARG (A) = <—r1-> aq, + A%A(QB/3AB)

(assuming zero relaxation energies), we estimate net charges of

-0.14, -0.07,_and -0.07 for the methyl, propyl, and ¢-allyl groups,

6’7’8 The organic ligand C is,binding energies of the

n-propyl and ¢-allyl compounds are considérably higher than that'of

- the methyl compound partly because of a more negatiﬁe charge on the
,methyl.group, and partly because the measured bindingvenergies of
‘the former compounds are the weighted averages for three carbon atoms -

and, to some extent, the negative charges of those groups are spread A

o§er all the atoms of the grouﬁs.

It is remarkable tﬁat the manganese and éarbonyl bindihg energies |
of the n-propyl and o—allyl compounds are essentially'identical, whereas
the C 1s binding energy for the o-allyl group is 0.47 eV lower than‘that
for the n-propyl group. We Belie&e this diffefence can be aécqunted for
in terﬁs of an unusually large relaxation energy associated with the

1

ionization of the terminal carbon atom of the o-allyl group. Core ion-



ization of the terminal carbon would yield a species which can be
well representedvby.the following equivalent-cores formula, in
which a full unit of formal negative charge has been withdrawn from

the M’n(CO)5 group?

H_ N-CH=CH

+
2 Mn(CO)S-

2
No such extraordinary relaxation would be expected forvthe terminal
carbon atom of the n-propyl group. In that caSe,.a reasonable equi-
Qalent—cores-formula of the core-ionized species has.the positive
formal charge on the terﬁinal atom:b
. .
H3N-CH2—CH2-~Mn(CO)5

This explanation is supported by calculations of the C 1s relaxation

energies using the transition state concept and CNDO/2 wavefunctions.9

The terminal carbbn of the o-allyl group is calculated to have a re- -
~laxation energy 0.75 eV greater than that of the terminal carbon of
the n-propyl group, whereas the carbon atoms attached fo the Mn atom
are calculated to have relaxation energies differing by only 0.02 eV,
The relatively high binding energies of the carbon atoms in thé
hydrocarbons propene and ethane (see Table‘I) are consistent with
negaﬁive charges on the_o;bonded organic ligands in theMn(CO)5 com—
plexes, but in these casés the assumption regarding relaﬁatidn_energy

is less Qalid. ’



In Ehe case of (“—CBHS)Mn(CO)A’ there aré only four carbonyl
groups withdrawing électrqn density from the manganeée atom; thus
the manganese atom and cafbonyl.groups haQe greater electron densi-
ties‘than thej have iq the LMn(CO)S compounds. In spite of the
more negati&e charge on the manganese atom in (n-CBHS)Mn(C0)4, the
m-C H ‘group has a cbnsiderably.lower'electron density'than“the

375

o—CBHSvgroup in (G;CSHS)Mh(CO)S. This result is undoubtedly due to

the fact that the 7—C H5 grouﬁ"i's formally a’l3-e1ectron donor, whereas

3
the 0'—C3H5 gioup is formallyia l-electron donor. The actual net
charge on the n*C3HS'group'is probably close to zero; it is clear

from the data that back-bonding to a “;CSHS group is much less than

- to a CO group. The data for (ﬁsfcsHs)Mn(CO)j shoﬁ that,.wheh one

removes another CO group and goes to‘an“éromatic 54e1e§tron donor
group; the manganese'afom anﬁlcarbonyl_grbups bécoﬁe evenvmore geg—
atively charged and the organic ligand carbon atoms have lower electron
density. It is not surprising (in Qiew of the strong m-acceptor char-
acter of the‘carbonyl groups) that the C‘1svbinding.energy of the

CSHS group in (nS-CSHS)Mn(CO)3.is higher than that in (nstSHS)ZMn |
(290.31 eV) or'(nS-CSHS)ZFe (290.03 eV).10 Indeed, the C ls binding

energy of the CsHg group in (n54C5H5)Mn(CO)3 is higher than that of

. benzene (290.42 eV).ll The relaxation energy associated with the C 1s

ionization of (ﬁS—CSHS)Mn(CO)3 is probably greater than that for ben~
3
zene, and so it seems certain that the CSHS group bears a positive

charge in this complex.



Experimental

- Spectra were obtained in the gas phase using a GCA/McPherson
ESCA 36 spectrometer and Mg Ko x-rays. The Ne 1ls, N 1ls of NZ’ and

Ne 2s lines served as calibrat:ionﬂstandards.12 The general procedures

have been described previously.13 Spectra were fit to Gaussian/Lorentzianv

lineshapes using the non-linear least-squares program CURVY.14

_ Thg_compounds,CH3Mn(CO)5, (c—C3H5)Mn(CO)5, (H—C3H5)MH(CO)4, and
'(nS—CSHS)Mn(CO)3-were synthesized according to literature pro_cedures,lS_-l8
and the preparative procedure for (n-C3H7)Mn(CO)5 was adapted from that

19 The purity of each compound was verified

of a similar compouﬁd.
by infrared and/or NMR sbectroscopies, as well as melting point deter-

minations where appropriate.
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Table I. Core Binding Energies (eV)

compound

CHyMn (CO) ¢
(n403H7)Mn(c0)5
(0-C4H,)¥n(CO)
Mn, (C0) 14°
(m-C,H)Mn(CO) ,
(n°~C4H)Mn(CO)

CHSCH=CH2

C
C,Hg

a Reference 3..

Mo 253/2

647.30(5)°
647.13(2)
647.13(3)
647;01(3)
646.80(4)

646.72(3)

10

" carbonyl groups

C ls
293.62(7)°
293.44(7)
293.47(4)
293.28(3)
293.03(4)

292.30(7)

0 1s

- 539.91(7)°

539.89(4)

539.82(3) -
539.57(7)
539.41(4)

538.90(5)

C 1s

(organic ..
ligand)

289.5(1)°

290.32(11)

© 289.85(3)

290.44(6)

290.85(3)

1 290.68(4)

290.74

b The uncertainty in the last digit, estimated as

twice the standard deviation determined by the least-squares fit, is

indicated parenthetically.

1974, 13, 1211.

¢ Perry, W. B.; Jolly, W. L. Inorg. Chem.
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Figufe 1. Carbon 1s spectrum of (n-C3H5)Mn(CO)4, showing shake-up,

carbonyl carbon, and allyl carbon bands.
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