H

YDROGEN O RBITALS WITH T WO ANGULAR NODES

{ ℓ

= 2, |m | = 0, 1, 2; d-or bitals, (2ℓ

+ 1) = 5 components}

Cartesian functions with two nodal planes:

(i) xy

(ii) xz

(iii) yz

(iv) x_2 – y_2

(v) z_2 – y_2

(vi) z_2 – x_2 but since (v) = (iv) + (vi) set is not linearly independent

Choose 5 independent components:

xy, xz, yz , x_2 – y_2, 3z_2 – r_2 || 3z_2 – (x_2 + y_2 + z_2) = 2z_2 – x_2 – y_2 = (v) + (vi)

Cartesian Spherical Polar R(r)

Θ

(θ) Φ(ϕ) ℓ

|

m|

a

)

(

3z_2 – r_2) r2(3 cos2θ –1)f(r) r_2f(r)

(

3cos_2 – 1) 1 2

0

b)

x

zf(r) r2(cosθ sinθ cosϕ)f(r) r_2f(r)

(

cosθ sinθ)

c

osϕ 2

1

c)

y

zf(r) r2(cosθ sinθ sinϕ)f(r) r_2f(r)

(

cosθ sinθ)

s

inϕ 2

1

d)

x

yf(r) r2(sinθ cosϕ sinθ sinϕ)f(r) r_2f(r)

s

in_2θ sinϕ cosϕ || 1/^2sin2ϕ 2

2

e) ( x_2 – y_2)f(r) r 2(sin_2θ cos_2ϕ – sin_2θ sin_2ϕ)f(r) r 2f(r) s in_2θ (cos ϕ – sin_2ϕ) | | 1/^2cos2ϕ 2 2

You should be able to associate each Θ^{2|m|}(θ) with the relevant series from the “Math Review” as well as Φ^m(ϕ)