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Abstract.

Molecular orbital sequence of silver (IT)-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(I) 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 =-bonding system.! Ag(Il) bis-
tripyridyl has been prepared and its IR spectrum
repoted. The IR spectrum indicates all coordinating
nitrogens to be equivalent,® and hence the molecule
can be considered to have cubic symmetry and On
point group. An attempt has been made to determine
the molecular orbital sequence of the system based
on group symmetry properties.

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

E 8C3 6C26C43C2 i 6S4 8Ss 3oh Gor
Te 6 O 0 2 2 00 0 4 2

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

1
ni:”h— % (R) % (R)

where #7; is number of times the 7 th irreducible repre-
sentation appears in the reducible representation, /
is the order of the group, x: (R) the character of
matrix corresponding to operation R in reducible
representation and ¥;i (R) is the same in irreducible
representation.

Using character table of Oh group T'e was red-
uced to the following,

To = qgig + eg+ fiu.

It can be shown that aig transforms like S orbits,
eg like dz? and dx2—y2 and fu like px, py and pz
orbitals.?2

Hybrid Orbitals on Metal Ion. Since I's = aig +
eg -+ tju as shown earlier, the required orbitals
resulting from the hybridization of these orbitals
should be

¥i=ai S+ bipx+ cipy + dipz + ei di?
+ i dfy®

- 5

Fig. 1

Considering Fig. 1, it is evident that
¥, and ¥4 involves only S, px, dz2, dx2-y2?,
¥, and ¥4 involves only S, py, dz2, dx2-y2,
¥3 and ¥¢ involves only S, Pz, and d-2, hence
the following relations can be derived:

ay=ay=a3 =qgq=as5=as= A
bs=bs=br,=10b5=0

C3 = C6 — C| =C4=0
d2=d5=d|=d4=0

by =—b4)

c2 = —cs - = B, as px, py and pz are qeuivalent
dz =—ds ) erbitals
es=es=-c

e2=es=e1 = e =—1[2¢
f3i=/fs=0
fa=sfs=—fi=—f4=D

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

¥, = As + Bpx — 1/2 Cdz? + Ddx?y —2
¥, = As — Bpx — 1/2 Cdz? + Ddx%y —?2
¥Y; = As + Bpy — 1/2 Cdz?2 — Ddx2y —2

¥s = As + Bpy — 1/2 Cdz2 — Ddx2y —2
¥, = As - Bpz + Cds?
¥s = As— Bpz + Cda?

Since these orbitals must be orthogonal and nor-
malized, the mixing coefficients can be calculated to
be the following.?
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Azél/\/—ﬁf B= 1/4/2, C=1/4/3, and
D:

The Ligand o Orbital. Since we have

To = alg + eg + fiu

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.4

o ] 63 + o ) o
Pr = '\/_(z% 2 1 o3 4+ s 6) aig
i
ks
1 I
4’3:\7?2?(62_65) l} . liu
1
P4 = \/7(03 a6 ) )
95 = \/% (o102 + o4—05) 1{
1 >eg
?6 = Was (203 + 206—0| —o2—04— 05 J]

The =-System. To determine the reducible repre-
sentation for = —systems each N was assigned three
cartisian coordinates taking ¢ 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 = bonds. The following reducible
representation was obtained.

E 8C36C,6C,3C2 1 6S548Ss 3oh 6od

'sm= 12 0 0 0 -4 0 0 O O O

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

I'm = fg + tag + fiu -~ fau

Referring again to Ol character table it was found
that Ag2* ion has no #ig and #2u orbitals, while 7 u
(px, py, pz) orbitals are engaged in o —~obonding which
leaves only #,¢ orbitals available for = — bonding with
the central metal ion.%

The o and = 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(Il) MO as
expected. A tetragonal distortion is predicted but
since the ligand, tripyridyl, has an extended = — 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
—ligand interaction. This data would give a definite

teg

Metal ion orbital Ligand orpital

Fig. 2
TABLE 1
Oh Ligand Group Orbitals
az —] |
g \/?(GIT02>"‘G3+G4—[—-55+66)
eg %(01—62"}'04"—‘65)
—’*:: (2 63 + 206 + 0y — 02— 04 — 05)
2¢/73
tig 3 (my1 — mx3 + 7xy — ™y6)
3 (mx2 — my3 + mys — 7ye )
3 (mxy —myz + my, — 7xs)
1 {5y—
t|u '\/T I 0'4)
3 (myy + mx3 — mxg — wyg )
gl
3 (mxi + my3 —myy— 7x6)
1
-~ (o3-— a6
e (o3 )
3 (vy1 + 7mxa — mxy — Tyg)
tag 3 (vy1 + mx3 + wxy -+ 7y6)
3 (mx2 -+ my3 + mwys + 7x6)
3 (mx1 + 7y2 + myy + mxs)
fu 3 (vy2 — mx3 — Txg + 7x6)
3 (mx) — my3 — 7y + Tx6)
3 (vy1 — mxa — mxy + 7ys)

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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