
Electronic Schrodinger equation: defines everything
 a chemist want to know about a molecule [or any 
collection of M nuclei (R) and N electrons (r)].

Ψ: function of 3N spatial coordinates  (and x2 spin 
coordinates), antisymmetric wrt el-n permutation. 
Shroedinger equation:  3N differential equation; 
Parametrically depends on R (nuclear coordinates),
contains 1 and 2-electron terms.
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Practical issues for numeric solutions of the Schroedinger 
equation using basis sets

1. How do we represent one-electron functions? 

2. How do we represent N-electron wave functions?

3. What are valid one- and N-electron wave-functions?
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Representing N-electron wave functions
Orbitals:  1-electron functions φ(r) 
Spin-orbitals:  φ(x), x=r,σ

Spatial orbitals {φp(r)}, p=1, … ,M
Spin-orbitals: {φp(r)α, φp(r)β}

Determinants: N-electron functions
Φ0 = 1/sqrt(n!)det{φ1,…, φn}

Exact wave function:
Ψ(x1,x2,…xn)=(1+C1+C2+ … CN)Φ0, where C1Φ0=Σci

aΦi
a

Spin-orbitals=one-electron basis 
Determinants=N-electron basis 
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Exact solution of the Schroedinger equation and configuration 
interaction (CI) approach
1.Chose one-electron basis set: M (spin)-orbitals, φ(x), x=(r,σ).  
M in principle can be large so {φk(x)}1

M is complete.
2. Construct  all possible  products of N functions, e.g.,
Φ0 =φ1(x1)φ2(x2) …. φn(xn). Anti-symmetrize (use determinants).
This gives us complete many-electron basis set: {ΦL}.
 3. Consider linear ansatz for our N-electron wave-function: 
Ψ(x1,x2,…,xn)=ΣLCLΦL

4. It is convenient to represent it as:
Ψ=(1+C1+C2+ … CN)Φ0, where C1=Σci

a a+i or C1Φ0=Σci
aΦi

a

Thus, operators C1..CN will generate all possible distributions of 
N electrons over M orbitals. There are CMN=M!/[N!(M-N)!] of 
them.

Tuesday, September 8, 2015



Exact solution of the Schroedinger equation and configuration 
interaction (CI) approach: Cont-d.

We have linear ansatz for our N-electron wave-function: 
Ψ(x1,x2,…,xn)=ΣLCLΦL=(1+C1+C2+ … CN)Φ0, where C1Φ0=Σci

aΦi
a

How do we find the expansion coefficients (wave function
amplitudes)? Using Variational Principle.

Energy functional:   E=<Ψ|H|Ψ>/<Ψ|Ψ>

Amplitude equations: Variational Principle ->
   CI eigen-problem for the ground and excited states:   

                      HC=CE
   Exact solution (FCI, full configuration interaction). 
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Exact solution of the Schroedinger equation (FCI): 
                          CMN=M!/[N!(M-N)!]
M: number of basis functions 
N: number of electrons
For M:N=5 (~STO-3G basis):

N Time, sec
2 45
4 4,845
6 593,775
8 7.7*107

10 1.0*1010

20 5.4*1020 1.71*1013 years

Molecule N

Water 
(H2O)

10

Ethylene 
(C2H4)

16

Butadiene 
(C4H8)

32
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