The lone pairs of H,O

1)

2)

Ymo Yve
Wwo = [npp|, Wye = |(n— Ap) (it — Ap)(n+ Ap)(n + 4p)).
Yyg = |(nt — Api — Anp + App)(nit + Jpin + Anp + App)|
= |nﬁm—1| + i|nﬁpﬁ| + ﬂ|nﬁnl_9| + 22|nﬁpﬁ|
—i|pﬁn7z| - 12|pﬁpﬁ| - ﬂz|pﬁnﬁ| - /13|pr_zpf9|
—ﬁ|nf9nﬁ | - /12|n1_9pﬁ| R |nf9n1_7| - /1%|n;_7p[_9|

+2| ppnin| + 2’| pppin| + 2’| pprp| + 2| pppp|
After eliminating all determinants having two orbitals with the same spin, there

remains : Wyg = A |nipp| — A| prnp| — A |nppn| + 2*| ppnn| .

3)

4)

5)

After permuting the columns and changing signs accordingly, there remains :
Py = 42°|nipp| = o (if one includes normalization factors).

@, = |(n= )i — Ap)(n+ Ap)|, @, = |(n— Ap)( + Ap)(n+ Ap)| (putting the orbitals
in maximum correspondance).

®; and @, differ by only one orbital, (n-Ap) in ®; which becomes (n+ip) in @, .
Therefore the matrix element (®; | Hl @) is a simple Zintegral, necessarily negative.
1 : : o :
=> The lowest ionized state is E(d)ﬁsz)whlle the higher ionized state is
1

\2

®; = |nﬁn| — /1|pﬁn| — /1|nﬁn| + /12|pﬁn| + /1|nﬁp| - /12|pﬁp| - /12|nﬁp| + /13|p1_9p|

(q)l_q)z).

®, = +2/12|pﬁn| +2/1|nﬁp|

In the same way, one shows that @, = —24°|ppn|+2A|nnp| . It follows that :
(@, +®,)oc |nip| (lowest ionized state in MO theory)

(D, —D,) |p1_9n| (higher ionized state in MO theory) .

It is concluded that 1) VB theory yields two ionization potentials for H,O, in
agreement with experiment, and 2) that these ionization potentials are exactly the
same as the ones found in elementary MO theory.






