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Time-independent Schrédinger equation

E®) = H|Y >



Time-independent Schrédinger equation

HY = EY




Schroédinger equation

| am the fundamental differential equation
of quantum mechanics

HY = E¥



Schrédinger equation

HY = E¥Y

| am the electronic wave function
(unknown in the equation)




Electronic wave function



Electronic wave function

Y = ‘P(Xl, Y1s%19 X925 V25809 e vy Xprs Vo ZN)



Electronic wave function
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Electronic wave function

Y = ‘P(xl, Y1s%19 X925 V25809 e vy Xprs Vo ZN)
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Cartesian coordinates
that the first electron can take \2/

Cartesian coordinates
that the second electron can take



Electronic wave function

Y = ‘P(xl, Y1s%19 X925 V25809 e vy Xprs Vo ZN)
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Cartesian coordinates Cartesian coordinates
j that the Nth electron can take
that the first electron can take \2/

Cartesian coordinates
that the second electron can take
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Schroédinger equation

HY = E¥

| am a known differential operator
(I transform the wave function)
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Schroédinger equation

HY = E¥
A\

| am the Hamiltonian operator

12



Schroédinger equation
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Schroédinger equation

| differentiate twice the wave function
with respect to the coordinates of the first electron
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Schrédinger equation

> Qm@} Kinetic energy of the first electron
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Schroédinger equation

1 [ o* N 0° N 0°
2\ ox7 dy; 0z

Same for the second electron
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Schroédinger equation
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Schroédinger equation

nuclei F
A

A \/(xl—XA)2 + (1=Y0)? + (21—2Z)?

N

Attraction of the first electron to the nuclei
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Schroédinger equation

Atomic number
of nucleus A

nuclei T
A

A \/(xl—XA)2 + (1=Y0)? + (21—2Z)?
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Schroédinger equation

nuclei F
A

F =X = V)24 = 202

\

Cartesian coordinates of nucleus A
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Schroédinger equation

nuclei zA nuclei ZA

A \/(Xl—XA)2 + (1=Y0)? + (21—2Z)? A \/(x2_XA)2 + (=Y + (—2,)?

\

Same for the second electron
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Schroédinger equation

nuclei F nuclei F
A A

A \/ (c=X)? + (V= Y0)? + (21— 2Zy)? A \/ Co=X4)? + (1= Yy)? + (5o—Zy)?

nuclei Z
A

A EmXD A+ O P + =2
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Schroédinger equation

nuclei F nuclei F
A A

\ A \/(xl_XA)z + (=Y + (21—2Zy)? A \/(x2_XA)2 + (= Y0)? + (25— 2Zy)?

nuclei Z
A

T A X+ (=Y + (=22

1 |
+ Ge——=y  Repulsion between

\/ (] — )2+ (v = m)? + (21 — 0)? the first two electrons
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Schroédinger equation

noyaux T noyaux T
A A

A \/(X1—XA)2 + (=YY% + (21—2Z)? A \/(Xz—XA)2 + (=Y + (1—2Z)?

\

noyaux zA

A \/ (oy=Xa)? + Oy—Ya)?* + (2y—2y)?

)

1 .

+ +... | X to-be-multiplied by
\/ (x; — )2+ (v = m)? + (71 — )2 the wave function
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Schrédinger equation

HY = Ex V¥

¥

Unchanged wave function!
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Schrédinger equation

| am the energy of the electrons
(unknown in the equation)

HY = Ex ¥
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Schroédinger equation

There is an infinite number of solutions (/ = 0,1,2,3,...)

HY, =E x V¥,

E, P,
L 1 lPl
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Schroédinger equation

There is an infinite number of solutions (/ = 0,1,2,3,...)

HY, =E x V¥,

E, P,
L 1 lPl
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Schroédinger equation

HY = Ex ¥

nuclei F
A

A \/(xl — X2+ () = V)P + (2 — Z4)?

|

Determined for a given geometry i
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Computation of reaction paths

nuclei
V(R) = ER) + Y. Lats
A<B \/ Xy — Xp)2 + (Yy — Yp)2 + (Zy — Zp)?

~—_ -

Total potential
energy

v

Quantum
electronic energy Classical nuclear
repulsion energy

\ 4
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V(R)

Computation of reaction paths
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Approximate N-electron wave functions

W = WX, V15205 %95 V2 25«5 Xnis Vs Zn)

~ (pl(xlayla Z1) X C”z(xz, Y2, Zz) X... X C”N(XN, YN ZN)

Uncorrelated wave function:
Each electron is disentangled from the others
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Approximate N-electron wave functions

W = W(xp, Vi 205 X0 Va5 205 -5 Xivs Vs Zn)

~ (pl(xlv y]a Zl) X @2()(:2, y2, Z2) X ... X q”N(-xNa yNa ZN)

|

Wave function of the first electron
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Approximate N-electron wave functions

W = W(xp, Vi 205 X0 Va5 205 -5 Xivs Vs Zn)

~ (pl(xlv y]a Zl) X @2()(:2, y2, Z2) X ... X q”N(-xNa yNa ZN)

|

Wave function of the first electron

|

“orbital ¢,”
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Approximate N-electron wave functions

W = W(xp, Vi 205 X0 Va5 205 -5 Xivs Vs Zn)

~ (pl(-xlv )’p Zl) X @2()(:2, y29 ZQ) X ... X qu(xNa yNa ZN)

|

Wave function of the second electron

|

“orbital ¢5”
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Approximate N-electron wave functions

W = WX, V15205 %95 V2 25«5 Xnis Vs Zn)

~ (pl(-xla yla Zl) X ¢2(x29 )’2-,» Z2) X ... X QUN(.XN, yNa ZN)

\ /

Cannot be the exact solution to the Schrodinger equation
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Approximate N-electron wave functions

W = WX, V15205 %95 V2 25«5 Xnis Vs Zn)

~ (pl(-xla yla Zl) X ¢2(x29 )’2, Z2) X ... X QUN(.XN, yNa ZN)

\ /

Cannot be the exact solution to the Schrodinger equation

N
: : e 2 _
Density-functional exactification: Z Q; (X, Y, Z) — n\pO(X, Y, Z)
i=1

Exact electron density
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Approximate N-electron wave function
in quantum embedding theory

W = WX, V15205 %95 V2 25«5 Xnis Vs Zn)

~ l/j(xla )’1, Z19x29 y29 ZZ) X §03(.X3, y39 Z3) X ... X ¢N(XN9 yNa ZN)

Core electrons

Correlated
two-electron
wave function
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To be continued...
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