Basis Sets

Hydrogen Orbitals

n[-}= a0 = Quantity["BohrRadius"]/Quantity["Meters"]

ouf - 5.29177211 x 1071

nil= gi{n_y 1, m3, {r_, 6_, ¢.}] i=
W'ith[{p =2 r/(n ao)}, Sqrt[(z/(n ao))"3 n-1- 1)!/(2 n(n+ 'L)!)] Expl-p /2]

oMl LaguerreL[n-l-l, 21+1, p] SphericalHarmonicY[l, m, 8, ¢]]

inf-]:= Dens-ityPlot3D[
(Abs@uyl{2, 1, 0}, {Sqrt[x*2+y~r2+2z"2], ArcTan[z, Sqrt[x*2+y”*2]], ArcTan[x, yp*2,
{x, -5a0, 520}, {y, -520, 5a0}, {z, -520, 520}, PlotLegends - Automat‘ic]
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Oout[-]=
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nl-l= ¢l{2, 0, O}, {r, 6, ¢}

oul - 2.59088642 x 1014 ¢™0-44863062x10° r (2.000000000 - 1.889726125 10%° r)
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ni 1= Plot[yi{2, 0, @}, {r, 6, ¢}, {r, 0, 10 ao}]
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ni 1= Plot[(Abs@yK2, ©, 0}, {r, 6, e})"2, {r, 0, 10 a0}
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nl-l= ¢l{2, 0, O}, {r, 6, ¢}

oul - 2.59088642 x 1014 ¢70-44863062x10% r (2.000000000 - 1.889726125 10%° r)

1= @l{2, 1, O}, {r, 6, ¢}

oul - 4.89606576 x 1024 ¢79-44863062x10° 1 1 ¢ g1

In[-J-= P'Lot[(Abs@«p[(Z, 1, 0}, {r, 0, ¢m"2, {r, 0, 10 ao}]
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Out[-]= r
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Angular Part

n[-]= {2, 1, O}, {20, 6, ¢}]
oul-]- 1.57145205 x 101* Cosig]

n 1~ PolarPlot[(Abs@yi3, 2, 0}, {a0, 6, ¢1)"2, {8, 0, 2 Pi}]

Inf-J-= Tab'Le[Po'LarP'Lot[S'imp'l.'i fyl(Abs@yf{n, 1, m}, {a®, 8, ¢})*2, Assumptions » ¢ > 0], {a, 0,2 P'i}],
{n, 1, 4}, {1, 0, n-1}, {m, -1, 1}]
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Slater Orbitals (STOs)

n[]= a0 = a

out[-]= a

1= @l{l, ©, O}, {r, 6, ¢}]

Out[-]=
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in-}= Tablelgn, 0, O}, {r, 8, ¢}, {n, 1, 5}
NI~ o (2-7) 1
om[]={ , , —¢33c"(27a2-18ar+2r2)/(Sla2 '\/3rr),
\r 4427 a’

11\32 _°
((;) e 2 (1922°-144a%r+24ar? - r3)]/(1536 \n),

1 _-
[ /—3 e 5&(9375a4-7500a3r+1500a2 r2-100ar3+2 r4)
a

nl-l= ¢i{l, @, O}, {r, 6, ¢}

/(46875 a" \/;)}

When the nuclei has a charge Z

ZA3 -7 =
22 5%
a

Ar
mnl= a=1

outl-]= 1

[ J= @i{l, ©, O}, {r, 8, ¢} / InputForm

Out[- ]//InputForm=
1/(EAr+Sqrt[Pi))

in[-}= SimplifiedSTO[r_, R] :=1/(E"(Abs@(r - R)) « Sqrt[Pi])

Basis_set_done.nb

in[-]= Plot[{SimplifiedSTO[r, 0], SimplifiedSTO[r, 4], SimplifiedSTO[r, 0]+ SimplifiedSTO[r, 41},

{r, 0, 10}, PlotRange » All]
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in-}= Plot[(Abs@SimplifiedSTO[r, 2])*2, {r, 0, 10}, PlotRange » All]

Oout[-]=

Gaussian orbitals (GTOs)

in[-}= SimplifiedGTO[r_, R] :=1/(E*(Abs@(r - R)"2) » Sqrt[P1])

in[-J= Plot[{SimplifiedGTO[r, 0], SimplifiedGTO[r, 2], SimplifiedGTO[r, O]+ SimplifiedGTO[r, 2]},
{r, 0, 10}, PlotRange » All]
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Plane Waves

il }- Plot[Evaluate@Table[Sin[x nx 2 Pi /3], (nx, 1, 4}], {x, 0, 3|

mnl]= L= 2;

basis = L« LatticeData["SquareLattice", "Basis"]/ Normal;
points = Tuples[Range[-n, n], 2].bas1is;

lines = Select[Subsets[points, {2)], Norm&[1l] - H#]2]] == L &];
gl = Graphics[{Point[points], Line@lines}, Frame » True]
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