Placing all together: the space and the spin
(1D for simplicity)

1
ws(rr;) = E-[qu 1) Vp(x2) + Yp(x1) e (x2)]

1 ) _
WAs(f'llf'z) = E[%(J‘q.)%(x—z) — Y (x1) ¥ (x2)]
15(51.52) = %(Tllz'l'll TZ) Xas(51,52) = %(Tllz'llt)

For 2 electrons (i.e. fermions):

¥ = ws(r1rz) 1as(S1.52) OK! | w = ws(r -, vs(51,5,) NO
¥ = as(Pirs) 15(51,5,) OK! | ¥ =was(t, = 1as(51.5:) NO




Some consequences of AS vs S:

Because the full wave function has a "space
portion” and a "spin portion”, as shown next for 2e
in He, the two possibilities are

¥ oo = Ws(P1.r2) 245(51.57)
¥ 2o = Was(rr2) x5(51.5,)

then, all other things equal, the e-e repulsion,
that has nothing to do with spin, prefers the AS
space portion because electrons are further
apart than in S space portion.



Z electrons

5.2 Atoms /
Z protons
The Hamiltonian is: g
@ electron
zZ 9 .z )
e _ e
H= {——-——Vz — ( ) 3
~| om ) &I —xil
| ] l l J
l .
one-body e-p attraction e-e repulsion
“the easy part” “the difficult part”

Big challenge:

No r dependence

H W(rl? 25400y r_Z)X'(Sls 824 ..:, SZ) — V
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In writing the Sch Eq we assumed that the spins maybe
coupled among themselves and/or with a uniform magnetic
field, but the spins do not depend on position.

Because electrons are fermions, the entire wave
function must be antisymmetric.

5.2.1 Helium (Z=2)

gl P 12 N R 1 2¢ L] ¢?
B om ‘4}1‘6(_) r | Im 2 drey 1 dmep T — 12|

First neglect the e-e repulsion
(on page 299, Ch 7, we will improve on this)



The space-like portion of the | |
wave function in general will be ¥ (r1, r2) = Y (r1) Yo (r2)

b S trization):
(before symmetrization) E 4, E)

n (22 \| 1
For ground state, we place both  Ex=- [2’;; (4;0) ] n?
electrons at n=1, 1=0, m=0.

. . 8 . -
1[/‘0(1"1,-"1'2) =1ﬂ‘100(r1)¢-100(r2) — J_T_{:I?e 2(f1+?’2)/a

Eop— 8(—13.6 eV) = —109 eV
Rapidly inducing big energies!

S 404 - 22402



The space portion is symmetric, thus the
spin portion must be antisymmetric.

Y = Y, X1, 82) = — p2nHla (1] -|1)

:_ra_'-” 2
s p d
... n3
The cartoon version is: 2? FYn
Excited states? ? 4;_ ——— singlet?
———————— triplet?



Excited states? Two options ...

¥ singlet = Ws(P1r'2) Aas(51,52) = :
- % [¥100(r1) W200(P2)* W200(P1) W100(r2)] ?/Li( Tl l2 ) lsz)

SUTr‘ipleT = WAS(rllr‘Z) XS(SI,SZ) - n=t ——

= % [¥100(r1) ¥200(P2)- ¥200(P1) W100(r"2)] \_}“5( Tl lz + lsz)

If e-e neglected, then singlet
and triplet are degenerate



If e-e is brought back, at least qualitatively,
then the degeneracy is broken

Due to the effective "exchange forces”, the AS
space-like combination keeps the two electrons a bit

further apart ...

(for AS sector the exchange force is

“repulsive”; for S sector is "attractive”)

Then, the energy
levels for two
electrons is:

11

| Energy of two e's in He (not to scale)

Total spin S=0 Asym(ls)(Zp) A

Total spin S=1 Sym(1s)(2p) ™ — +
Total spin S=0 Asym(1s)(2s) =&
Total spin S=1 Sym(1s)(2s) - F U

Total spin S=0 Asym (1s)(1s) o a



Energy (eV)

Real numbers from book

Parahelium

Orthohelium

1'3 1p 1D 1F

5 sp S oF

0 [ j
1 45+ 4P+ 4D+ 4F st 4P+ 4D+ 4F
] 8Pt 3D - apt 3D+
3t
\ 35 ey H— — —— — ————
-1 n=2
n=1 —f—
ne2| —— 4 — —
-3 n=1 4
2P+ nep —— + -
S P> n=1 —f——
_al25+
4 n=2 + - -
n=1 —f—
25+
st o A— — — —
n=1 —1——
(15 at —24.5 eV)
n=2
n=1 —f—*—

Note: for real energy subtract 54.4 eV
(1ev~161017)



Z=4, Beryllium

Not in book

Z=3, Lithium

N — ——
nzl—f*—

The excited states become

complicated fast!

n=3
n=2

+___
nzl—f*—

n=3
n=2
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