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Born-oppenheimer approximation

* The motion of atomic nuclei and electrons in a molecule can be separated.
L|Jtotal — ll"electronic X L|Jnuclear
* Electronic stationary Schrodinger equation:
Ho(r,R)$(r,R) = E.d(1,R)
* Nuclear stationary Schrodinger equation:
(T + E.(R)e(R) = E@(R)



Interaction representation

* For a time dependent wave function

|Ws(®)> = Us(t, to) |Ws(to)>
U(t, ty) is a transformation operator.
From Schrodinger eqgn,

d
iha |Ws(t)> = Hs|Ws(t)>

AU
dt

We get, ih— = H.U,, so U.(t, ty) = exp(—iH.(t — ty)/h)

HI —_ UsHsUs_l



Consider a nuclear motion

* In interaction representation, transformation operator:

LH .tk
U= exp( n

1
Hs = Totectron T+ V(x: Qo + Q) — Hg + Hs1 (x, QO)Q + EHS? (X, QO)QZ

Q is the nuclear displacement around @,

),K is correction factor

Electronic: Hsdi(x, Qo) = €,(Q) d1(x, Qo)
Nuclear: (Ts + EI(Q))QDZm(PQZ) = &mPim (Q)
T
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Interaction energy

* Electronic energy, since H; = UcH U '=H,
(b11H b)) = €(Q) = €(Qp) + aQ + kQ?

* Nuclear K.E energy,

(01T 1) = (b1 |UsTsUs ™ | ;)
<(|)l| ( n iH:ltK) To(1 — letK)lcl)l)

) (il [Hs [Hs, Ts] 1)
(ZaP + k(QP + PQ)) + (tK)Z ( + kQ)2

IR

=25 ‘“‘<c|>l|[Hs, Tlldo) +
PZ
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Dimensionless

/ M / — Y ! B = X
*q' = Q)Y p = P(Mwh) ™2, ¢’ = wp', b= a(Mw3h) /2, 0® = —,

interaction energy hawn' = §;,-€;(Qo)=€;(Q)+{(d;|T;|d;)-€,(Qo)
0= (' +q'%) + bq' — txw (bp’ +-('q" + q’p’)) += (tew(q' + b))
n =@+ q%) — > txo(pq + qp)+; (trcwq)lz, takeq=¢q'+b,p=p’,
n=n+ Ebz

This can be taken as transformation,

1 = Ulé(pz +q*)Ur
U, = exp (i%qztkw) = exp(i(% (p? + g%) — g?)tkw)=exp (i%pztlca)).
Son == (p? + (q + txwp)?) = - (P2 + (q + tkd)?) = = (P2 + §%)
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Correction factor K

A . . h2 e
* vV, = , and T is the same order with 'V, —
Mmed md? d

 Plus Harmonic oscillator V. = Mw?d?
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