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4.28

a. cis-Fe(CO)4Cl, has Cy, symmetry.

(6]
. . C
The vectors for CO stretching have the representation I': |
Cl--.. 1 .- cO
 Fex
Cy E Cy Gy(x2) c, (v2) = | ~~Co
T 4 0 2 2 C
4 1 1 1 1 z 0o
Ay 1 1 -1 -1
By 1 -1 1 -1 X
B, 1 -1 -1 1 y
n(A)=1/4[4 X 1+0 X 1+2 X 1+2 X 1]=2
n(A)=1/4[4 X 1+0 X 1+2 X (=1)+2 X (=1)]=0
nBY=14[4 X 1+0 X (<1)+2 X 1+2 X (-1)]=1
n(By)=1/4[4 X 1+0 X (<1)+2 X (<1)+2 X 1]=1
I =2 A4, + B; + By, all four IR active.
Cl
OcC.... | ....cO
—Feg
o€ | Co
b. trans-Fe(CO)4Cl, has Dy, symmetry. 1
Dy, E 2C, C, 2Cy 20" i A Gh 2G, 2G4
I 4 0 0 2 0 0 0 4 2 0
Az 1 1 1 -1 -1 -1 -1 -1 1 1 z
E. |2 0 2 0 0 2 0 2 0 0 (x.y)
Omuitting the operations that have zeroes in I":
N(Ay)=1/16[4 X 1+2 X 2 X (-1)+4 X (-1)+2 X 2 X 1]=0
n(E)=1/16[4 X 2+2 X2 X 0+4 X242 X 2 X 0]=1 (IR active)
Note: In checking for IR-active bands, it is only necessary to check the
irreducible representations having the same symmetry as x, y, or z, or a
combination of them.
Fe(CO)s has D3, symmetry. o
C
The vectors for C—O stretching have the following representation I': o ‘
C",“‘Fe co
Dy, | E  2C; 3G, gy 2S; 3o, o€ ‘
r 5 2 1 3 0 3 C
El2 =1 o 2 -1 o | cy 0
4| 1 1 -1 -1 - 1 z

nEY=112[(56 X 2)+(2 X 2 X 1)+ 3 X 2)]=1
nA)=112[E X D+ X2 X D+ B X1 X -1D+B X -1)+B X3 X 1)]=1

There are two bands, one matching E’ and one matching 4,"”. These are the only
irreducible representations that match the coordinates x, y, and z.



4.29

4.33

In 4.28a, the symmetries of the CO stretching vibrations of cis-Fe(CO)sCl; (Ca, symmetry) are
determined as 2 4 + B; + B,. Each of these representations matches Raman-active functions: A4
o2, yz, )4 (xy), B1(x2); and B> (yz), so all are Raman-active.

In 4.28b, the symmetries of the CO stretching vibrations of trans-Fe(CO)4Cls (Ds, symmetry) are
A+ By +E, Only 4, o2+ y2 2%) and By, o2— f) match Raman active functions; this complex
exhibits two Raman-active CO stretching vibrations.

In 4.28c, the symmetries of the CO stretching vibrations of Fe(CO)s (D3, symmetry) are 2 4;" +
E' +A4," Only 4, (X*+)? 2% and E' (- ?, xy) match Raman-active functions; this complex
exhibits four Raman-active CO stretching vibrations.

The possible 1somers are as follows, with the triphenylphosphine ligand in either the axial (A) or
equatorial (B) sites.

PhyP co
oc—rFe:-" oc—re 0
——Fe:, —Fe_
\\co ‘\PPh3
o co
@ Gy ® Cn

Note that the triphenylphosphine ligand 1s approximated as a simple L ligand for the sake of the
point group determination. Rotation about the Fe—P bond in solution is expected to render the
arrangement of the phenyl rings unimportant in approximating the symmetry of these isomers in
solution. The impact of the phenyl rings would likely be manifest in the IR v(CO) spectra of these
1somers in the solid-state.

For A, we consider each CO bond as a vector to deduce the expected number of carbonyl
stretching modes. The irreducible representation 1s as follows:

C3v E C3 3 g,

T 4 1 2

A 1 1 1 z X +y,z
A> 1 1 -1 R,

El 2 4 0 | ey @R) | &@=22 00z

Reduction of the reducible representation affords 2 4; + E. These stretching modes are IR-active
and three v (CO) absorptions are expected for A.

For B, a similar analysis affords the following irreducible representation:

Cyv E C O"(XZ) ov’ (y:)

r ks 0 2 2

A 1 1 1 1 z ),z
4 1 1 -1 -1 R. xy
B, 1 -1 1 -1 X, R, Xz

B> 1 -1 -1 1 ¥, Ry yz

Reduction of the reducible representation affords 2 4, + B; + B,. These stretching modes are IR-
active, and four v (CO) absorptions are expected for A.

The reported v (CO) IR spectrum is consistent with formation of isomer A, with the
triphenylphosphine ligand in the axial site.



434 Asin 433, we consider the triphenylphosphine ligand as a simple L group for point group
determination. The point groups for isomers A, B, and C are as follows:

CcO PPh; PPh;
.-CO ‘ -PPh.
_.-PPh; A e .- 3
ocC Fe:~ OC—Fe OC—Fe;
\\Pph Neo o
¢o PPh; co
A) Cyp (B) Dy © c

For A, the set of irreducible representations for the three CO stretching vibrational modes is 2 4,
+ B). These modes are all IR-active in the Cj, character table, and three v (CO) IR absorptions are
expected for 1somer A.

For B, the set of urreducible representations for the three CO stretching vibrational modes 1s 4;" +
E'. Only the E' mode 1s IR-active in the D3, point group, and one v (CO) IR absorption is
expected for isomer B.

For C, the set of irreducible representations for the three CO stretching vibrational modes 1s
24"+ A". These modes are all IR-active in the C; point group, and three v (CO) IR absorptions
are expected for isomer C.

The single v (CO) IR absorption reported for Fe(CO);(PPh;), supports the presence of the D,
isomer B.

The frans 1somer B 1s reported in R. L. Keiter, E. A. Keiter, K. H. Hecker, C. A. Boecker,
Organometallics, 1988, 7, 2466, and the authors observe splitting of the absorption associated
with the £’ mode in CHCIls. The forbidden 4," stretching mode was observed as a weak
absorption.



