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Abstract. Molecular orbital sequence of silver (II)-bistripyridyl system has been deter-
mined on the basis of symmetry characters of the molecule. Effort has been made to explain
the symmetrical octahedral structure.

Only a few Ag(II) complexes have been reported
so far. The stability of these complexes depends
amongst other things on the type of ligand. Tri-
pyridyl provides one such ligand which is known to
have an extended n-bonding system. I Ag(II) bis-
tripyridyl has been prepared and its IR spectrum
repoted. The IR spectrum indicates all coordinating
nitrogens to be equivalent, I and hence the molecule
can be considered to have cubic symmetry and Oh
point group. An attempt has been made to determine
the molecular orbital sequence of the system based
on group symmetry properties.

The a-System of Metal Ion. The following red-
ucible representation was worked out using position
functions for a -bonds.

E 8C3 6C2 6C4 3C2 i 6S4 8S6 3ah 6ar
rcr 6 0 0 2 2 0 0 0 4 2

The reducible representation can be broken down
to irreducible representation using the relation.

where ni is number of times the i th irreducible repre-
sentation appears in the reducible representation, h
is the order of the group, Xr (R) the character of
matrix corresponding to operation R in reducible
representation and Xi (R) is the same in irreducible
representation.

Using character table of Oh group ra was red-
uced to the following,

ra = alg + eg+ tlu.

It can be shown that aIg transforms like S orbits,
Eg like dz2 and dx2_y2 and t I u like px, py and pz
orbitals.>

Hybrid Orbitals on Metal Ion. Since ra = aIg +
eg + t I U as shown earlier, the required orbitals
resulting from the hybridization of these orbitals
should be

N:l

'+Z

-y

Fig. 1

Considering Fig. 1, it is evident that
'YI and 'Y4 involves only S, px, dz2, dx2_y2,
'Y2 and 'Ys involves only S, py, dz2, dx2-y2,
'Y 3 and 'Y 6 involves only S, Pe, and dz2, hence

the following relations can be derived:

a I = a2 = as = a4 = as = as = A
b 3 = bs = b 2 = bs = 0
C3 = C6 = C I = C4 = 0
d» = ds = d, = d4 = 0
b , =-b4l
C2 = -Cs ~= B, as px, py and pz are qeuivalent
ds =-d6J erbitals
e s = e6= e
e2 = es = e I = e4 = -1/2e
f3 = /6= 0
/2=/s=-fl =-14= D

The hybrid orbits using the coefficients derived
above can be written as:

'Y1 = As + Bpx - 1/2 Cdz2 + Ddx2y-2
'1"4 = As - Bpx - 1/2 Cdz2 + Ddx2y _2
'Y:I = As + Bpy - 1/2 Cdz2 - Ddx2y _2

'Ys = As + Bpy - 1/2 Cdz2 - Ddx2y _2

'Y3 As + Bpz + Cdz2
'Y6 = As- Bpz + Cdz2

Since these orbitals must be orthogonal and nor-
malized, the mixing coefficients can be calculated to
be the following. 3
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A = l/V6, B = l/v2; C = l/vT and
D=t
The Ligand 0 Orbital. Since we have
T'e = a1g + eg + tlu
suitable orbits from N-atoms of ligands that would

transform like these irreducible representations should
be constructed. If oi represents ith nitrogen atom we
have the following set of orbitals+

1
'PI = A / 6 (02 + 02 + 03 + 04 + os + 06 )

v alg

'P2 = V ~-(010-4) 1
1 I

'1'3 = V 2 (02 - Os ) >

'1'4 = 1 (03 - 06) IV 2 )

1 1
'Ps = V 2 (01-02 + o.-os) I

1 ~ eg

'P6 = 2y1-r (203 + 206-0 I -02-04- os) J
The «-System. To determine the reducible repre-

sentation for 7t - systems each N was assigned three
cartisian coordinates taking 0 bond as band axis
following the right hand rule. Each operation that
changed coordinate system was considered to have
character zero, the one that changed the sign of vector
was assigned -1. and the other that left the vector
unchanged was assigned + 1.5 Only X and Y vectors
were considered for 7t bonds. The following reducible
representation was obtained.

r7t = 12 0 0 0 -4 0 0 0 0 0

This representation was broken down to the fol-
lowing irreducible representation using equation 1:

Referring again to Oh character table it was found
that Ag2+ ion has no tlg and t2u orbitals, while tlu
(px, py, pz) orbitals are engaged in 0 -obonding which
leaves only t2g orbitals available for 7t - bonding with
the central metal ion.?

The ° and 7t- orbitals available on the ligand are
summarized in Table 1.

On the basis of the preceding discussion an ap-
proximate MO schematic was constructed as shown
in Fig. 2. This schematic resembles Cu(II) MO as
expected. A tetragonal distortion is predicted but
since the ligand, tripyridyl, has an extended 7t - system
and after Coordination would be expected to have
small flexibility, an averaging effect of distortion can
be expected which may be responsible for the apparent
equivalence of the six metal-ligand bonds. The sys-
tem requires detailed analysis of spectral transitions,
calculations of group overlap integrals (Gij) and ligand
-Jigs nd interaction. This data would give a definite

~
--*+--, t'9,

t2g

Fig. 2

TABLE 1

Oh Ligand Group Orbitals

1
a2g V 6 (0 I + 02 + 03 + 04 + as + 06)

eg t ( (1 I - 02 + ". - 05 )
I2~ 3 (2 0"3 + 206 + (1 I - (12 - (14 - (15 )

t Ig t ( 7ty I - 7tX3 + 7tX4 - 7ty6 )
-k ( 7tX2 - 7ty 3 + 7tyS - 7tY6 )

t ( 7tx I - 7tY2 + 7tY4 - 7tX5 )
I

till V 2 (01-04)

t ( 7tYl + 7tx3 - 7txs - 7tY6 )

VI 2 ( 0"2 - (15 )

!(7tx I + 7ty 3 - 7':y4 - 7':x6 )

V~2 «13'- 06 )

! (7':y I + 7tX2 - 7tX4 - 7tys)

t2g ! (7ty I + 7tx3 + 7':x4 + 7ty6)

! (7tx2 + 7ty 3 + 7':Y5 + 7tX6)

t (7':X I + 7ty 2 + 7ty4 + 7txs)

t2u t (7tY2 - 7':X3 - 7tX5 + 7':X6)

! (7tXI - 7':Y3 - 7tY4 + 7':x6)

t (7ty I - 7':X2 - ,"x4 + 7':Y5)

conclusion regarding this system. However, the
equivalence of all nitrogens shown by IR spectra
is a strong evidence in support of the conclusion drawn
above.
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