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For s-Orbitals the maximum probability
denisty of finding the electron is on the nucleus

For s-Orbitals the probability of finding the
electron on the nucleus zero




Surface plots

Surface plot of the 1s wavefunction (orbital) of the hydrogen atom. The height
of any point on the surface above the xy plane (the nuclear plane) represents ) .. . . .
the magnitude of the ¥, function at the at point (x,y) in the nuclear plane. Surface plot of th_e |'¥3;|"; the probability density associated with
The nucleus is located in the xy place immediately below the ‘peak’ the 1s wavefunction of the hydrogen atom.

2s (25)°

Surface plot of the ¥, ; 2s wavefunction (orbital) of the hydrogen atom. The
height of any point on the surface above the xy plane (the nuclear plane)
represents the magnitude of the ¥, function at the at point (x,y) in the
nuclear plane. Note that there is a negative region (depression) about the

nucleus; the negative region begins at r=2a, an goes asymptotically to zero at
r=oo.

Surface plot of the |‘I"25|2; the probability density associated with
the 1s wavefunction of the hydrogen atom. Note that the negative
region of the 2s plot on the left now appears as positive region.



Surface plots

Surface plot of the 2p, wavefunction (orbital)
in the xz (or yz) plane for the hydrogen atom.
The ‘pit’ represents the negative lobe and the
‘hill’ the positive lobe of a 2p orbital.
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2 coordinate

Profile of the 2p, orbital along the z-azis.
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Surface plot of the (2p,)z; the probability density
associated with the 2p, wavefunction of the
hydrogen atom. Each of the hills represents and
area in the xz (or yz) plane where the probability
density is the highest, The probability density
along the x (or y) axis passing through the nucleus
(0,0) is everywhere zero.

Surface plot of radial portion of a 2p wavefunction of the hydrogen

atom. The gird lines have been left transparent so that the inner

‘hollow’ portion is visible.

Profile of the radial portion of a 2p wavefunction of the hydrogen atom.



Surface plots

X0y

Surface plot of the 3d,, wavefunction (orbital) in the xz (or yz) plane for the Surface plot of the (3d,,)? the probability density associated with the 3d,,

hydrogen atom. The large hills correspond to the positive lobes and the orbital of the hydrogen atom. This figure is rotated with respect to the

small pits correspond to the negative lobes. figure on the left so that the small hill will be clearly visible. Another
smaller hill is hidden behind the large hill.

Surface plot of the 3d,, wavefunction (orbital) in the xz plane for the
hydrogen atom. The hills and the pits have same amplitude. Surface plot of the (3dxy )2 the probability density associated with the 3d,,
orbital of the hydrogen atom. Pits in the figure to the left appear has hills.



Radial and Radial Distribution Functions

Probability of finding the electron
anywhere in a shell of thickness

dr at radius r is 42r°R;,(r)dr (for s)

r® — increasing function

47r°R (r)dr — 0 as 4zr*dr - o

— Radial wawefinciion
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Radial Distribution Functions
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Shapes and Symmetries of the Orbitals

s-Orbitals
3/2 3/2
1 (1 -7 1 1 r | T
s | e ’ os 2——|€ ’
g f“ g 4@(@,] ( j

Function of only r; No angular dependence
=Spherical symmetric

n-l1-1=0 < radial nodes > n-l-1=1
[=0 < angular nodes > [=0
n-l=0 < Total nodes > n-l=1




Shapes and Symmetries of the Orbitals

p-Orbitals

1 1 e ro-u
Voo =Vaop = — |e 7*" cos@
" 4\/277£a0] (aoj

Function of only r, 8 (and ¢)
=Not Spherical symmetric
2p, Orbital: No ¢ dependence
=Symmetric around z-axis

radial nodes n-Il-1=0
angular nodes [=1 xy nodal plane
Total nodes  n-l=1 Zero amplitude at nucleus



Angular Distribution Functions

1 1 32 r 7
[ ] []e % cosf m =0 case

l//210 — szz = 4 /272_ a a

Angular part: IA’olar plot of 2p, --- cosé
1z

p-Orbitals

0 cos0
1) 1.000
30 0.866
60 0.500

90 0.000
120 | -0.500

> 150 | -0.866
X 180 | -1.000
210 | -0.866

240 | -0.500
270 | 0.000
300 | 0.500
330 0.866
360 1.000




p-Orbitals

%
Yoo = szz = N:Oe ® cosd

V., =N pe_% cosd
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v,, =Npe 2sinfdcosy

L :
v,, =Npe 2singdsing
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Color/shading are related to
sign of the wavefunction



d-Orbitals

%
V. =N, p*(3cos*f—-1)e /3

: s

V.a =N,p"(sinfcosdcosgle °
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Vi, = ,0° (sinfcosfsingle /*

- s

V.,  =N,p*(sin® dcos2g)e

: : A
v,, =N_p°(sin*fsin2¢)e 3

Xy

Angular part

Blue: -ve ' —

Yellow: +ve

n=3; l=2; m=o0,+1, +2

Angular + Radial




f-Orbitals

n=4; [=3; m=0,+1, +2, +3

f:r(ZZ—yZ) f;:(xz— z2) .fz(x2~ »2)

Green: -ve
Red: +ve




Cross-sections of Orbitals




Hydrogen Wavefunctions

O

(2,1,0)

Probability density plots.
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Orbitals: External Structure




Orbitals: Internal Stucture




Hydrogen atom & Orbitals




Many Electron Atoms Nucteus

{ Protons and Meuttons ) .

Helium is the simplest many electron atom

Electrons

KE of .
Nuclgus KE of Attraction between
'\ Electron2  nucleus and Electronf\
h* h* \ h2
H=-——Vi-—— V]V, -

KE of Attraction between Repulsion between
Electroni nucleus and Electroni1 Flectroni and Electron2



Helium Atom

2 2 2 7 02 7 e? 2
He Mg WG WG 3 ( ve' Ne_e)
2mN 2me 2me 472'80 r, r, r,
2 2 Z 2 h2 Z 2 2 1
Ho_" Vi - L Vf—Q NE VE—Q CCA LA, 1
2mN 2me r, 2me T, r, 472'80
2 2 Z 2 h2 Z 2 2
Hy=-""v2 H,=-l y: &€ T g QZye Qe
2rnN 2rne rl 2rne r2 r12
HNZN :EnZN Hel)”e :Eel//e



Helium Atom

H. =H1+H2+Qe
r

12

2 Z 2 2 Z 2
H,=- h Vf—Q N and H, =- h VE—Q n®
2me r 2m r

1 e 2

The Hamiltonians H, and H, are one electron
Hamiltonians similar to that of hydrogen atom

Hel//e(rl>61’¢17r2’027¢2) = lee(n,91,¢1,r2,6?2,¢2)+H2gye(rl,91,¢1,r2,6’2,¢2)

e2
O (.0,8,..0,,8,)

12

_|_




Orbital Approximation

We(r.l’gl’¢1’r2’92’¢2) — l/jle(rl’H1’¢1)W2e(r2’92’¢2)

v,(1,2,3,..n) = ¢(1)-#(2) - #(3) -+ p(n)

Orbital 1s a one electron wavefunction

The total electronic wavetunction of n number of
electrons can be written as a product of n one electron
wavefunctions




Helium Atom: Orbital Approximation

Hel//e(rl)€1>¢17r23g27¢2) — Hll//e(rl,@l,¢1,r2,6?2,¢2)+H2l//e(r1,c91,¢1,r2,6’2,¢2)

82
O (.0,8,7..0,.8,)

12

_|_

l//e(r1’91’¢1’r2?92’¢2) — W1e(r1’H19¢1)W2e(r2’92’¢2)

Hel//e — H1W1e(r1,91’¢1)(//2e(r2’92’¢2)+H2W1e(r1’61’¢1)l//2e(r2’62’¢2)

62
Q l/jle(rl)el?¢1)lﬂ2€(r2)92)¢2)

12
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Helium Atom: Orbital Approximation

Hel//e — H1W1e(r1,91’¢1)(//2e(r2’92’¢2)+H2W1e(r1’g1’¢1)l//2e(r2’62’¢2)

62
Q l/jle(rl)el?¢1)lﬂ2@(r2)92,¢2)

12

_|_

Hewe — gll/jle (rl 791 7¢1 )W2e (r2 )92 7¢2) + €2l/jle (rl’gl ’¢1 )W2e(r2’92 ’¢2)

62
Y ,0.,6 0. (1,0,,6.)

12

_|_

Qe”

12

Hey, = Lgl +&, + j[%”le(na‘91>¢1)‘//2e(r2"92>¢2)]

2 4 . 2
b =g, —— /" ue _ 13.6Z oV
8¢ h*n” n*




Helium Atom: Orbital Approximation

Qe”

12

j[l/jle (rl ’ 91 ?¢1 )W2e (r2 ’ 92 7¢2 )]

He.y, =(81+6‘2+

Hel//e = (81 + 82)[l/jle(rl’91’¢1)l//2e(r2’g2’¢2)]

E,.=¢ +¢&,=-108.8eV

3/2 3/2
| A[Z) ST || L 2] ST .
A N o



Helium Atom: Orbital Approximation

E..=¢ +¢&, =—(54.4+54.4)eV =-108.8eV

E,. =—-(24.59+54.4)eV =—-78.99eV (Experimental)




