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ORGANOMETALLOIDAL DERIVATIVES OF THE TRANSITION METALS 

IV *. A MOSSBAUER AND INFRARED SPECTRAL STUDY OF THE 
IRON-SILICON OR CARBON BOND IN THE SYSTEM (q5-C5H5)Fe(C0)2R 

K-H. PANNELL *, CC. WU, 

Department of Chemistry, University of Texas at El Paso, El Peso, Texas 79968 (U.S.A.) 

and GARY J. LONG * 

Department of Chemistry, Uniuersity of Missouri-Rolla, Missouri 65401 (U.S.A.) 

(Received July 17th, 1979) : 

A Miissbauer effect spectral investigation of the compounds ($-CSHS)Fe- 
(CO)*R, where R represents a range of alkyl and silyl groups, reveals enhanced 
s-electron density at the iron nucleus for the silyl compounds. Coupled with an 
infrared spectral analysis, the data suggest that superior o-donation by the silyl 
group, as compared with the alkyl group, is the major reason for this enhance- 
ment, rather than significant ironsilicon retrodative r-bonding. Such n-bond- 
ing effects may, however, be observed for the phenylsilyl complexes, ($-C5H5 )- 
Fe(C0)&lPh,Me3_,. 

Introduction 

The physical and chemical properties of the iron-silicon bond are distinctly 
different than those of the iron-carbon bond. In general the metal-silicon 
bond is considered to be more “stable”. For example, whereas alkylmetal com- 
plexes of the type ($-C,H,)Fe(CO).CH, readily react under mild conditions 
with phosphine ligands (L) to yield the alkyl migration products 123 ($-C5H5)- 
Fe(CO)(L)(COCH& related silyl complexes fail to exhibit such migratory 
behavior. In addition, the simple ligand displacement reaction, yielding 
($-CSHs)Fe(CO)(L)SiR3, occurs only upon ultraviolet irradiation [S] . It has 
been suggested that such stability results in part from the ability of the silicon 
atom to n-bond with the erectron rich iron atom via d,-d,-bonding [3,4]. 
There have been several reports [5-71 concerning the ability of Mijssbauer 
spectroscopy to provide insight into the G- and a-bonding aspects of complexes 

* For Part III see ref_ 1. 



T
A

B
L

E
 

1 

M
bS

S
B

A
U

E
R

 
A

N
D

 I
N

F
R

A
R

E
D

 
S

P
E

C
T

R
A

L
 

R
E

S
U

L
T

S
 

n
 

C
om

po
un

d 
73

 K
 

R
oo

m
 t

em
pc

rn
tu

re
 

W
C

),y
,fl

 
“(

C
C

)w
lll

sy
m

 
- 

(c
m

-l
 )

 
6 

(c
m

-l
) 

A
.E

Q
 

I’
 

d 
A

Is
’Q

 
I 

(t
~

5-
C

~
lr

s)
F

e(
C

0)
2S

iP
h

3 
0.

03
9 

1.
30

 
00

24
 

-0
.0

39
 

1.
73

 
0.

26
 

(q
5-

C
gH

S
)F

e(
C

0)
2S

IP
h

Z
M

e 
20

01
.3

 
19

63
 

0.
04

6 
1.

70
 

0.
27

 
-0

.0
34

 
1.

77
 

0,
24

 
19

98
,l 

(~
S

.C
~

A
~

)F
c(

C
O

)2
S

IP
h

M
e~

 
19

47
.9

 
0.

04
2 

1.
77

 
0.

26
 

-0
.0

44
 

1.
77

 
0.

23
 

19
90

 
(r

lS
.C

51
14

C
H

J)
P

o(
C

O
)Z

S
IM

c3
 

19
44

 
0,

04
G

 
1.

76
 

0.
27

 
(~

5-
C

S
H

S
)F

c(
C

0)
2S

lM
c3

 
0.

06
2 

1.
77

 
0.

27
 

19
96

.1
 

(t
15

-C
,I

f,
)F

o(
C

O
),

S
ie

t,
 

19
43

.9
 

0,
O

G
G

 
1.

80
 

0.
26

 
19

92
,l 

19
40

.7
 

(r
15

.C
S

II
S

)F
e(

C
O

)2
S

i2
M

05
 

O
.O

G
R

 
1.

76
 

0,
Z

G
 

(t
j s

~
C

~
~

I~
)F

c(
C

0)
2S

i3
M

e,
 

19
93

.7
 

19
44

.2
 

0.
06

3 
1.

76
 

0.
26

 
19

92
.7

 
19

43
.0

 

[(
sS

-C
,H

,)
~c

W
),

l 
$i

2M
q 

0.
07

2 
1.

72
 

0.
27

 
-0

.0
08

 
1.

70
 

0.
2G

 
(s

S
-C

,l
.I

,)
F

c(
C

O
),

C
H

, 
0,

07
6 

1.
76

 
0.

26
 

20
10

.2
 

(~
5-

C
,l

~
~

)F
o(

C
0)

2C
H

~
~

~
-C

IP
h

) 
19

67
.6

 
0,

08
4 

l,
G

3 
0.

26
 

(q
5-

C
,H

,)
F

c(
C

O
)2

C
H

,_
P

h
 

20
09

.3
 

19
69

.0
 

0,
O

S
b 

1.
74

 
0.

2G
 

0.
00

4 
1.

72
 

0.
24

 
(~

5-
C

~
II

~
)F

o(
C

0)
2C

H
2(

o-
M

cP
h

) 
20

09
.6

, 
19

69
.3

 
0,

09
4 

1.
72

 
0.

2G
 

20
07

.3
 

(r
15

-C
~

M
~

)F
e(

C
0)

~
C

H
Z

S
IM

e~
 

19
69

.0
 

0,
09

9 
1.

76
 

0.
26

 
20

07
.4

 
19

66
.2

 
(~

s-
C

~
I1

5)
F

c(
C

O
)2

C
H

~
S

12
M

c~
 

0.
10

6 
l.

G
D

 
0.

26
 

20
11

.0
 

19
68

,6
 

a 
A

li
 X

ii
af

lh
u

u
or

 a
ff

ec
t 

da
ta

 i
n

 m
m

/s
 r

cl
ot

iv
c 

to
 n

at
u

ro
l 

c&
on

 
fo

il
. 

In
fr

ar
ed

 s
pe

ct
ra

l 
dn

tn
 w

er
e 

oh
ta

ln
ed

 i
n 

he
xn

nc
 s

ol
ut

io
n.

 



87 

of the type ($-CsH5)Fe(CO),X, including a very recent paper that suggested a 
relationship between the iron MGssbauer spectral parameters and the &bony1 
infrared stretching frequencies [ 81. We wish to report herein the use of this 
technique to investigate the bonding properties of the iron--Croup IV com- 
plexes, with special’emphasis upon the iron-silicon and iron-carbon bonding 
systems. 

Experimental 

All complexes were prepared by using established and published procedures 
involving salt elimination reactions between Na[ ($-C,H,)Fe(CO),] and the 
appropriate alkyl or silyl halide. Infrared spectra were measured in hexane solu- 
tion on a Perkin-Elmer 421 spectrophotometer. The Mijssbauer effect spectra 
were obtained on a Ranger Engineering Corp. constant-acceleration spectrome- 
ter which utilized a room-temperature rhodium matrix source and was cali- 
brated with natural a-iron foil. The MSssbauer effect absorbers were prepared 
by mixing the sample with Vaseline in order to provide random polycrystallite 
orientation_ The concentration of iron was adjusted such that typical absorbers 
contained ca. 7 mg ““Fe/cm*. 

Results and discussion 

The Mossbauer effect spectral parameters for a series of complexes 
($-C5HS)Fe(CO).R are presented in Table 1. Many of these complexes are 
liquids at room temperature and hence no Mijssbauer effect could be observed 
at this temperature. However, all complexes gave a clean well resolved qua- 
drupole doublet spectrum at 78 K as is illustrated for ($-C5H5)Fe(CO)2CH2Si- 
Me3 in Fig. 1; Table 1 also includes the carbonyl stretching fmquencies for the 
complexes as measured in hexane solution. All of the Mossbauer effect param- 
eters presented in this table were calculated from a computer optimized 
parabola and Lorentzian fit obtained by using the National Bureau of Stan- 
dards PARLOR computer program- 191. The-error limits associated with the 
parameters for several of the compounds have been calculated from the vari- 
ance of the peak position and half-width determined by the final computer 
iteration of the numerical fitting procedure [9,10]. Standard error propagation 
formulae, which took into account the standard errors in the calibration fac- 
tors, were then used to calculate the final error limits. These restits, and earlier 
experience [S] indicates that the error limits are ca. iO.002 mm/s for the iso- 
mer shift, and ca. 20.01 mm/s for the quadrupole interaction and the line- 
width. In many instances the error limits are smaller and these values represent 
theupper error limits for the data obtained at 78 K. From these results, we 
have concluded that we are observing real and reproducible relative differences 
in the chemical isomer shifts for the compounds listed in Table 1. The small 
variation in these isomer shift values points up the necessity of measuring the 
MSssbauer spectra under nearly as identical conditions as possible. 

Although there have been numerous papers [ 111 dealing with the Mijssbauer 
effect spectra of ($-CsHs)Fe(CO),X compounds, relatively few of these papers 
have dealt with alkyl or silyl derivatives. Mays and Sears report 1121 that 
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Source velocity (mm/s 1 

-3fl -2.0 - 1.0 0.0 1.0 2.0 3.0 4.0 , , 

r T 

-3ao -2clo -10.0 0.0 10.0 20.0 30.0 

Relative energy (Jx~O*~ 1 
Fig. 1. The BISssbauer effect spectrum of (~5_C5H,)Fe(CO),CH,SiMe3 obtained at 78 K. 

($-CSHS)Fe(CO),CH3 has an isomer shift of -0.15 mm/s and a quadrupole 
interaction of 1.75 mm/s at 80 K. Others report that ($-C5H5)Fe(C0)-JZOCH3 
has an isomer shift 163 of 0.019 mm/s and a quadrupole interaction of 1.66 
mm/s at room temperature and that (~5-CgHS)Fe(CO),CH,Ph has an isomer 
shift 2131 of 0.05 mm/s and a quadrupole shift of 1.71 mm/s at room tempera- 
ture. Cheng et al. [14] indicate that [($-CsHs)Fe(CO)JzCHz has an isomer 
shift of 0.05 mm/s and a quadrupole interaction of 1.80 mm/s at 78 K. Apart 
from the Mays and Sears result, these results are quite consistent with the val- 
ues reported in Table 1. Unfortunately, variations in experimental procedures 
prevent any direct comparison of these values. At this time we do not know the 
reason for the rather low value of the isomer shift reported by Mays and Sears 
[ 121 as compared with our results_ Parish and Riley have recently [ 151 dis- 
cussed the MiSssbauer spectra of many organometallic complexes containing 
iron-silicon bonds. Unfortunately no direct comparisons can be made between 
their wcrk and our results. 

It is well known that a decrease in the Mijssbauer effect isomer shift corre- 
sponds to an increase in the s-electron density at the iron nucleus [ 51. Further 
it is generally accepted that such increases can be the result of either a o-induc- 
tive reIease of electron density to the iron atom or a retrodative metal to ligand 
r-bonding removal of d-electron density from the iron atom with a resulting 
increase in s-electron density at the iron nucleus. Thus, in a series of complexes, 
($-CSHs)Fe(CO),X, where X represents a series of halides and pseudohalides, 
the halides (poor o-donors and poor n-acceptors) gave the highest isomer shift 
values whereas cyanide (a good o-donor and a good n-acceptor) gave the lowest 
value [S]. 

InLWed spectral investigations of metal carbonyl complexes abound, and a 
general conclusion is that the values of the carbonyl stretching frequencies may 
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be used as a monitor of the extent to which the carhonyl ligands participate in 
retrodative a-bonding with the metal by utilizing their 7~~ carbonyl molecular 
orbitals. Thus, in a series of structurally related compounds, as in the case 
reported herein, the v(C0) bond will be higher for the complexes that involve 
the Ieast metal to carbonyl retrodative r-bonding. This often implies that the 
other ligands bonded to the metaI are themselves removing ;ir-electron density 
by retrodative bonding thereby lowering the ability or necessity of the car- 
bony1 groups to bond in this fashion. 

Bearing the above comments in mind, an examinatic.1 of the Miissbauer and 
infrared data presented in Table 1 permits the following observations: 

(i) Ail of the sibyl complexes studied possess lower isomer shifts than ah of 
the aIkyl complexes. 

(ii) There is a distinct variation in the isomer shift values as a function of 
substitution on the silicon or carbon atoms. 

(iii) All the silyl complexes studied possess lower carbonyl stretching tie- 
quencies than all the a&y1 complexes, but, variations within each group are of 
the same order as the experimental error in these frequencies. The only excep- 
tions are the SiPh, complexes. 

(iv) The magnitude of the quadrupole interaction, AI?,, does not correlate 
with the nature of the alkyl or silyl substituent. This is in keeping with previous 
studies [ 5,8,16]. 

Several conclusions may, be drawn from the above observations_ First, the 
previous suggestion [S] of a correlation between the MSssbauer effect isomer 
shift and the carbonyl infrared stretching frequencies for complexes of the type 
($-CsHs)Fe(C0)2X is not a general relationship which holds for the alkyl and 
silyl derivatives [ 171 *. Variations in v(C0) are often minima3 for the various 
alkyl and silyl complexes, whereas the isomer shift varies considerably. It seems 
that the Miissbauer effect is much more sensitive to the varying electronic 
effect of the changing ligand. 

From the isomer shift data in Table 1 and our first observation, it is noted 
that the silyl complexes result in more s-electron density at the iron nucleus 
than the alkyl complexes. Either superior o-donation or extensive retrodative 
r-bonding can explain this result. If the latter is the case, then some effect 
upon the v(C0) bands should be observed. Extensive retrodative n-bonding of 
the iron to the silyl group would lead to less r-bonding of the iron to the car- 
bony1 groups and, hence, higher stretching frequencies for the carbonyl groups 
in the ($-C,H,)Fe(CO,)SiR, complexes should be observed. This is contrary to 
the data and the second general observation that lower stretching frequencies 
are observed for the silyl complexes. Both of these general observations are 
thus in accord with, and best explained by, the simple conclusion that the silyl 
hgands act as superior o-donors in complexes of the type ($-C,Hs)Fe(CO), 
SiR3. 

While iron to silicon n-bonding may be minimal, it is not totally absent. Con- 
sider the series ($-CsHs)Fe(CO),SiMe3_,Ph,. With an increase in n one would 
expect both a decrease in o-electron release, and if present, an increase in retro- 

* Simii conclusions were reached for the system <q5-CgEj)Fe(C0)2X. X = CO. CN. CNR. C(NHX)2 
etc. 



dative n-bonding. If only o-electron release were significant, the isomer shift 
should become progressively higher as n increases. However, if r-bonding is the 
dominant variable, then the isomer shift decreases as n increases. The experi- 
mental isomer shift data supports the latter expectation, as does the infrared 
data. The ($-C5H5)Fe(CO),SiPh, complex has significantly higher carbonyl 
stretching frequencies than the remaining silyl complexes_ 

The other variations of the isomer shift within the silyl series and the alkyl 
series are not readily explicable. For example, changes from the CH3 to CH2Si- 
Mel to the CH2Si2MeS derivatives would be expected to increase the s-electron 
density at the iron nucleus. However, the isomer shift values change signifi- 
cantly from 0.076 to O-099 to 0.105 mm/s in the opposite sense. 

In conclusion, the Mossbauer and infrared analysis appears useful in distin- 
guishing which electronic factors are important in the bonding of iron-carbon 
and iron-silicon systems. While a general superiority of o-donor capability, 
with silicon greater than carbon, is adequate to explain the major trends, 
n-bonding is also observed to be important for the ($-CsH5)Fe(CO)&Me3_,- 
Ph, complexes_ 
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