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California, nor any of their employees, makes any warranty, express or implied, or
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Abstract

Ay

A value for the Fes-7m nuclear quadrupole moment of 0.175 + 0,02'

!

has been determined from a comparison of the quadrupole splittings in the

" Mossbauer data of ferrocene and the pure nuclear quadrupole resonance -

" of Co”? in cobalticinium perchlorate. The value is in. good accofd with .

recent calculations of Fe(II) complexes in the solid state.
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INTRODUCTION

The evaluation of the electric nuclear quadrupole moment, Q, of the
1.4 keVstau;ofFe57m has received considerable attention in the litera-_ G
ture in the past.l-6- The determination of Q from Mossbauer data has led

3

to values from 0.1 b derlved from Fe(II) compounds™ to a hlgh value of

0. h6 b derived from Fe(III) compounds.h Recently, Nozik and Kaplan
evaluated the Mossbauer data for FeSiF¢*6H 0 and calculated a value of1

0.20 b. 'Earlier, a substantially higher value of 0.28 b was derived by
Ingalls2 from this compound'by essentially a ligand field apprOach. The
differences between the two calculations arise from first, a difference:

in the computed lattice effects and second, from an incluaion of covalency ’
~in one treatment'and the neglect of it in another. An accuraﬁe appraisalv |
of the Fe57? Q‘mqu come eventually from avfull nolecular»orbital freat-'-
ment of;eome'neutral covalent'Fe'complek. Direct measurement of’tne
Fé57m'quadrup01e coupling constant and magnetic hyperfine interaction
'seems unllkely at this’ p01nt in view of the very short, 100 nsec. half—
i_llfe of the 1h.4 keV state.7 o

It is the purpose of this communicatlon to present a value for the

29

Fe57_ nuclear quadrupole moment by analogy to the Co nuclear quadrupole

. momentr Tnis will be accomplished by showing‘the physical ‘and chemical

panalogy in the bonding between-di-H-cyclopentadienyl‘Co(III).and_di-né : .
" cyclopentadienyl Fe(II). It is important to point out that the_reliabilityv._ {"{'l
of the preaent values of the Fe moment rest on thé evaluation of botn the N v
| lattice contrioution to the field gradient and a correct evaluation of the"

valence electron contributions. In di-l-cyclopentadienyl Fe(II), more
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commonly known as ferrocene, there is no lattice contribution}since the
molecule is neutral.8 It is known9 that induced-dipole interactions can
at most contribute less than 1% of the total field gradient in unfavorable
cases. In di-lil-cyclopentadienyl Co(III), more‘commonly known.as cobalt-
icinium, there is a lattice contribution to the field gradient. Although
the crystal structure of cobalticinium perchlorate has not been reported;-
it is safe to assume that the point charge sum over the.anions inacationa;
i.e. the lattice sum contribution, is insufficient to contribute |
appreciably to either the magnitude or direction of q,,° The very small
coupling constants which have been found in Co[NH3]6Cl3;O and Coen3Cl3 3H 0
attributable only to lattice'effects are less than 2% of the coupling
conStants foundvin"cobalticinium;perchlorate."This includes the
SternheimerlQ-factor (1-r_).

A‘molecular electronic interpretation‘of the coupling constant in

these molecules is'straight forward. In a valence bond13 or a molecular '

t'orbitallh approach the coupling'constant.arises from an -imbalance of

valence electrons. In either complex there is the possibility of having
3d, Us and 4p electrons participating in the bonding. Since s electrons
do not contribute to the field gradient we need only directly consider

15 '

3d and U4p electrons. Utilizing eduations relating the field gradientﬂ

to the fine structure splitting and using. Slater s methodl6 for determining

. to Co effective nuclear charge seen by 3d and hp electrons in the con-
figuration (Ar)3d hp it can be shown that the field gradient ariSing
. from one hp electron is at least three times smaller than that from a 3d

‘1electron. In all probability the ratio in Co would be around 5 1. This _

1
7 from differences in the cobalt and copper magnetic
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hyperfine interaction. From the transformation properties of thé'§p 

electrons in the molecular D5d symmetry and estimates of the Lp popﬁlation |; 
ih'octahedral Co(III) complexes from recent ca.lcula,tio-ris,1 0.1 of an - {
electron per lUp orbital, it can be shown that the total contribution to

the field gradient from lUp électrons would be only 0.02 that from a

singlé 34 electron. Thus, equation 1 can be written for the quadfupole

,quleculér = q:§°m1° (#3d22 + F3q¢/2 - #3d5_- 0.02) (1)

éoupling constant for cobalticinium or ferrocene. The value for the
field gradient contribution of one Co 3d,2 electron can be calculated

using the quadrupole coupling constant obtained from the F9/2 state
' ’ 59

* measured by Co atomic beam spectroscopy.19 The value of the Co”” nuclear

N
quadrupole moment, Q, can be extracted from equation Q of F9/2 state

by utilizing the <r-3> obtained from the magnetic hyperfine coupling
19 : .

constant measured in fhis state. Thus oné obtains simultaneously

_ahd independently q and Q for Co. No Sternheimer correction R, which
is believed to be small, was made. Using the quadrupole coupling

9/2 | | S
o 59 L = 15 2 A
for Co it can be shown that Co q,, = -9.53 x 10 esu/cm . The field

cpnstant in the'uF sﬁaﬁé and the measured nuclear quadrupole moment
gradient for a 3d electron in Fe can be calculated from the.ratios of the
varibus [r3] values tabulated in the iiferature.zo  a,, for Fe is calcu-.
zbléted in this' manner as -8.08 # 1012 esu/cme. ' - "

.The population of the'3dzg.orbital iﬁ both ferrocené and cobalticiniﬁm LJ
can'safely be assumed to be equaled tp two electrons. Eiplicit_evaluation ' |
of the overlap integralel in ferrocene between cyclopentadienyl orbitals

and the 3d22 orbital yields a value of only 0.0l; thus, the alg MO is for .

all practical purposes & pure 3d22 wvave function.
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| U31ng the avallable quadrupole coupling constants determlned for
23,2k

cobalt1c1n1um perchlorate 22 and the Mbssbauer data for ferrocene
equatlons 2 and 3 can- be wrltten for the quadrupole couplxng constant of

CRgGo’  Co.3d | a4 L 3
O, [ 9, = -0-595 = (1.98 + 3d€/2'- 3d8) o (2)

[2(r R 3/2 s 1/2) 7 o 3d][1/% 57m]= (1.98+ #3ae/2 - #3a8)  (3)

these two molecules in terms of their 3de and 3dd populatlons. 25 In the
57m

Case,of ferrocene ohe must include the uncertainty of the Fe nuclear

quadrupolevmoment;_ Figure 1 shows a graphic solution of equatlon 2 and

3 for cobaltlclnlum and ferrocene for values of Q,(Fes7 ) equal to 0.1, 0.2

‘and 0.3 b. It is clear that there are many possible solutlons, only one

dilemma can be found in a comparison of the uv and visible spectra26-’27 :

of the respective molecules. It is apparent from Table 1 that the uv

and visible spectra of the isoeléctronic cobalticinium and ferrocene are

sufficiently similar to presuppose that the 3d orbital coefficients and

' consequently, the orbital populations, are within 2-5% and 10% of each ’

other respectively. It is known that a few per cent change in the MO

" coefficients can result in electron volt changes in the energy. of the MOs.

' This would result, therefore, in a large difference in the spectra'between

these two compounds. Furthermore, it is entirely reasonable to suppose '

from a‘COvalency point.of view that the cobalt to'cyclopentadienyl and the

Fe to cyclopentadienyl bonds are within at least 10% of each other. If

- we assume that the bonding is identical in these two compounds, bearing

in mind_that such an assumption introduces a possible cumulative error'
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of 15%, one can calculate a value of the Fe57é nuclear quadrupole moment
.as 0.175 * 0.02 barn. This valﬁe is entirely in accord with the most
recent value of 0.2 barn, calculated by Nozik and Kaplan.® It should
bé ﬁointed out that the 0.175 value is only‘a working value insofar as
it relies on the similarity 6f bonding'in twé isoelectfohic compounds.
It should berintereSting to see whether or notlfhis value can account

in a satisfactory manner for the quadrupole splittings obtained from

.Y'Massbader spectra in other Fe(II) and Fe(III) complexes.

Acknowledgment. This work was performed under the auspices of the

United States Atomic Energy Commission.
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Visible and UV Spectra
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 ‘Transition’

~

Craeag e g
,  _;‘(c5H5)2c9c1th .

. 3 b ' ;
(C5lHg) Fe™

Ty (em”

1y (en

e
Yl (¢m Yo e | ‘f':”! 38)&00,

Y 32,700
o 24,700

41,700 -

30,800

22,700

“(a)
(b)
.(c).

Tékén fromﬁRefereﬁceFQG. o
Taken from Reference 27.

Charge transfer‘band; .
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Figure 1. Solutions for the field gradients and Fe5 7I.nQ, from Equations 2 and 3.
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