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Abstract :

The radial wave function R(r) and the radial distribution function P(r) as a
function of (r), for the Hydrogen atom was calculated for several atomic state
(1s,25,2p,35,3p,3d) The results were compared with Hydrogen like
atom(He" Li* Be™).
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Introduction :

The radial distribution function The angular wave functions for other
for He atom and like ions has been types of orbital are complicated
calculated by Al-bayati &Ban [1] . The mathematical expressions, so generally
electronic wave function, describes the Uq:ﬁ;ﬂm—sh'ap?s—of—m—mm—z{re— iat. .
distribution of the electron positions in im W&H{T}ent of Physics, College of Science for women, University
terms of the distance of the electron Another important function we need to
from the nucleus, r, and the orientation consider is the Radial Distribution
of the electron relative to the nucleus. Function, Py (r). This is defined as the
We can separate the wave function into probability that an electron in the
an orientationally dependent part, orbital with quantum numbers n and |
known as the angular wave function, will be found at a distance r from the
and an orientationally independent nucleus. It is related to the radial wave
part, which is known as the Radial function by the following
Wave Function [2]. relationship[3]:

P, (r) = 4m?R,,;(r) ;normalized

Prims(r.0.0)=Rm Y im 0.0) "=, oy "0 1
Py

1)

The Radial Wave Function, Rp(r), _Thef Samebl p(ocedur%l fOf
depends only on the distance of the separation of variables, Is possible Tor

. . + -+2
electron from the nucleus, and is other atomic species e.g. He", Li"“ and

N .
characterized by the values of the Be 3,_con3|dered to the extent that
principal and orbital angular quantum there is one extra-nuclear electron.

numbers, whereas the angular wave
function, Y, depends on the angles of
the electron from the nucleus, and is
characterized by the values of the
orbital angular and magnetic quantum
numbers. The s orbital consist only of
a radial part to the wave function.

Radial Distribution function for the
Hydrogen atom:

Often it is more meaningful
physically to make plots of the radial
distribution function P(r), of an atomic
orbital, since this display emphasizes
the spatial reality of the probability
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distribution of the electron density as
shell structure about the nucleus.To
establish  the radial distribution
function we need to calculate the
probability of an electron, in particular
orbital, exhibiting coordinates on a thin
shell of width.

The calculations and results:

Table (1) - The radial components of

| (sgam) (@] e

The radial component of the
hydrogenic atomic orbitals  with
distinct normalization constants for the
radial functions[5] . The parameter
p=(2Z/n*a) extents the application of
the function in the table (1) entries for

the hydrogenic atomic orbitals[4] non-hydrogen  one-electron  atomic
orbit ies.
aI Ne R(r) species
3/2 i
1 9 A o—PT/2 Remark : the maximum P(r) for H
a atom accurse at r=1 Bohr unit
1 Z\7 (2
2s — _pr/2
2(2)1/2)\a) | — pr)e
1 AN
2(6)V/2) \a
; ( 1 )(Z)“' (6 —6pr
S
— o -
5(3)772)\a) | + (pr)})e
p - —
2 —_
96)72)\a)| = (pr)He~
RH(r) PH(r)
0 2 0
0.1 1.809674836 0.03274923 Atom H He Li Be
0.2 1.637461506 0.107251207 Z 1 2 3 4
0.3 1.481636441 0.197572189 p 2 4 6 8
0.4 1.340640092 0.287570537
0.5 1.213061319 0.367879441 R(F)
0.6 1.097623272 0.433719665
0.7 0.993170608 0.483330049
0.8 | 0.898657928 | 0.516855086 —H
0.9 0.813139319 0.535568398
1 0.735758882 0.541341133 — He
1.1 0.665742167 0.536287286
1.2 0.602388424 0.522535411 Li
13 0.545063586 0.502089389
14 0.493193928 0.476750891 — Be
15 0.44626032 0.448083615
1.6 | 0.403793036 0.417404969 r(a_u)
1.7 0.365367048 0.385795001
1.8 0.330597776 0.354115443
1.9 0.299137238 0.323033946 |
2 0.270670566 0.293050222
2.1 0.244912857 0.264521975
2.2 0.221606317 0.237689301
23 0.200517687 0.212696844
2.4 0.181435907 0.189613372
25 0.164169997 0.168448675 —H
2.6 0.148547156 0.149167902
2.7 0.134411025 0.1317035
2.8 0.121620125 0.115965006 e H
2.9 0.11004644 0.101846942
3 0.099574137 0.089235078 e
ria.u)
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3.1 0.090098405 0.078011314
3.2 0.081524408 0.068057386
3.3 0.073766335 0.059257632
3.4 0.06674654 0.051500963
3.5 0.060394767 0.044682216

Fig. (1) The normalized radial wave function R(r) and the radial

rd'St.r.'b'“\%{Sn Tulnctlgnpﬁ&p forjthe 1s atomic orbital in the hydrogen atom
. ardhiydroger ike-iors.
0.2 0.575829484 0.013263184 Atom He Li Be
0.4 0.463139612 0.034319728 Y4 2 3 4
0.6 0.366682795 0.048404258 p 2 3 4
0.8 0.284389983 0.051761704
1 0.214438915 0.045984048
1.2 0.155225883 0.034696908
14 0.10534064 0.021749435
1.6 0.063544102 0.010336903
1.8 0.028748541 0.002677791
2 0 0
2.2 -0.02353731 0.002681385
2.4 -0.04259489 0.010450508
2.6 -0.05781217 0.022593589
2.8 -0.06974749 0.03813934
3 -0.07888767 0.056009378
3.2 -0.08565662 0.075131453
3.4 -0.09042286 0.094517962
3.6 -0.09350628 0.113314768
3.8 -0.09518397 0.130826239 0.25 -
4 -0.09569558 0.146522301 P(r)
42 | -0.09524783 0.160032725 0-2 1 S
4.4 -0.0940187 0.171133014 0.15 A
4.6 -0.09216094 0.179725386 0.1 - —:e
4.8 -0.08980533 0.185817541
5 | -0.08706345 0.189501125 0.05 1 ——Be
52 | -0.08403016 0.190931252 0 m , , , , ! o)
5.4 -0.08078573 0.190307908 e o~ S S
5.6 -0.07739783 0.187859707
5.8 -0.07392315 0.183830204
6 -0.07040887 0.178466734
6.2 -0.06689401 0.172011647
6.4 -0.0634105 0.164695715
6.6 -0.0599842 0.15673343
6.8 -0.05663577 0.148319928
7 -0.05338142 0.139629248

Fig. (2) The normalized radial wave function R(r) and the radial distribution
function P(r) for the 2s atomic orbital in the hydrogen atom and hydrogen like

ions.
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r R(r) PH(r)
0 0 0
0.2 0.03700785 | 5.47832E-05 Atom H He Li Be
04 0.066972176 | 0.000717644 z 1 2 3 4
06 0.090898396 | 0.002974507 p 1 2 3 4
0.8 0.10966436 | 0.007696814
1 0.12403552 | 0.01538481 0.16 R(r)
12 0.134678375 | 0.026119101 | 0.14
14 0.142172372 | 0.039617448 | 0.12
16 0.147020437 | 0.055334423 01 —H
18 0149658292 | 0072568238 | . 1o — e
2 0.150462691 | 0.090556086
2.2 0.149758701 | 0.108549915 0.06 Li
24 0147826119 | 0.125870754 | 0:0% =—Be
26 | 0144905154 | 0141943125 | 0.02 r(a.u)
2.8 0.141201422 | 0.156312677 0 e
O<TONONTONOTTONO
3 0.136890353 | 0.168650719 —AN¥In BoHNTINO K0
3.2 0.132121081 | 0.178749237
34 0.127019854 | 0.186509541
36 0.121693042 | 0.191927185
38 0.116229774 | 0.195075164
4 0.110704262 | 0.196086937
4.2 0.105177826 | 0.195140297 0.25 ~
44 | 0099700682 | 0.192442775 02 P(r)
46 0.094313494 | 0.188218945 —
4.8 0.089048743 | 0.182699795 0.15
5 0.083931911 | 0.176114142 o1 —He
5.2 0.078982523 | 0.168681981 Li
5.4 0.074215048 | 0.160609586 0.05 a—Ra
56 0.069639684 | 0.152086139 0 r(a.u)
5.8 0.065263041 | 0.14328166
6 0.061088733 | 0.134345998
6.2 0.057117884 | 0.125408679
6.4 0.053349573 | 0.116579406
6.6 0.049781211 | 0.10794904
6.8 0.046408869 | 0.099590932
7 0.043227554 | 0.091562451

Fig. (3) The normalized radial wave function R(r) and the radial distribution
function P(r) for the 2p atomic orbital in the hydrogen atom and hydrogen like

ions.
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r

R(r)

PH(r)

0

0.3852

0

0.2

0.313377377

0.003928215

0.4

0.251214417

0.010097389

0.6

0.197635054

0.014061461

0.8

0.151670151

0.014722454

1

0.112447647

0.012644473

1.2

0.079183566

0.009028854

1.4

0.051173814

0.005132768

1.6

0.027786694

0.001976577

1.8

0.00845609

0.000231678

2

-0.00732475

0.000214608

2.2

-0.02000888

0.001937719

2.4

-0.0300008

0.005184275

2.6

-0.03766115

0.00958813

2.8

-0.04331101

0.014706613

3

-0.04723572

0.020080919

3.2

-0.04968846

0.025281982

3.4

-0.05089345

0.029942052

3.6

-0.0510488

0.033773507

3.8

-0.05032925

0.036577009

4

-0.04888848

0.03824134

4.2

-0.04686131

0.038737136

4.4

-0.04436568

0.038106555

4.6

-0.04150441

0.036450548

4.8

-0.0383668

0.03391514

5

-0.03503013

0.030677748

5.2

-0.03156093

0.02693433

5.4

-0.02801618

0.022887866

5.6

-0.02444439

0.018738488

5.8

-0.02088657

0.014675403

6

-0.01737705

0.010870628

6.2

-0.01394434

0.007474448

6.4

-0.01061176

0.00461248

6.6

-0.00739811

0.002384124

6.8

-0.00431822

0.000862237

7

-0.00138347

9.3785E-05

Atom H He Li Be
Z 1 2 3 4
p 0.6667 | 1.3333 2 2.6667
0.5
0.4 R(r)
03 —H
— He
0.2
Li
0.1 Be
0 r(a.u)
rON < ON©O T S ON©
— N <N 0O — N nNwWoo
0.12 -
0.1 P(r)
0.08 —H
0.06 =He
0.04 i
— Be
0.02
0 r(a.u)

Fig. (4) The normalized radial wave function R(r) and the radial distribution
function P(r) for the 3s atomic orbital in the hydrogen atom and hydrogen like

ions.
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r

R(r)

PH(r)

0

0

0

0.2

0.021896684

1.91786E-05

0.4

0.039556278

0.000250352

0.6

0.053525342

0.001031386

0.8

0.064291684

0.002645389

1

0.072290048

0.005225851

1.2

0.077907277

0.008740143

1.4

0.081487022

0.013014664

1.6

0.083334008

0.017778066

1.8

0.083717922

0.022708157

2

0.082876932

0.027474344

2.2

0.081020887

0.031771619

2.4

0.078334214

0.035344795

2.6

0.074978552

0.038003255

2.8

0.071095126

0.039627413

3

0.066806907

0.040168465

3.2

0.062220557

0.039643113

3.4

0.057428198

0.038124856

3.6

0.052508994

0.03573324

3.8

0.047530597

0.032622236

4

0.042550436

0.028968633

4.2

0.037616887

0.024961133

4.4

0.032770325

0.020790592

4.6

0.028044067

0.016641699

4.8

0.023465221

0.012686206

5

0.01905545

0.009077754

5.2

0.014831653

0.005948203

5.4

0.01080658

0.003405368

5.6

0.006989375

0.001531979

5.8

0.003386065

0.000385697

6

0

0

6.2

-0.00316777

0.000385735

6.4

-0.00611813

0.001533193

6.6

-0.00885362

0.003414516

6.8

-0.01137814

0.00598633

7

-0.01369675

0.009192449

Atom H He Li Be
Z 1 2 3 4
p 0.6667 1.3333 2 2.6667
R(r)
—H
—He
Li
e Be
r(a.u)
0.12 -
0.1
0.08 e H
0.06 =—He
0.04 Li
— Be
0.02
0 r(a.u)

Fig. (5) The normalized radial wave function R(r) and the radial distribution
function P(r) for the 3p atomic orbital in the hydrogen atom and hydrogen like

ions.

Lr |

RH(r)

PH(r)
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0 0 0

0.2 | 0.000337614 | 4.55933E-09 Atom H He Li Be
0.4 | 0.001263361 | 2.55373E-07 z 1 2 3 4
0.6 | 0.002659237 | 2.54576E-06 P | 06667 | 1.3333| 2 |2.6667
0.8 | 0.00442264 | 1.25182E-05

1 | 0.006464705 | 4.17924E-05 | |0.05 - R(r)

1.2 | 0.008708798 | 0.000109214
1.4 | 0.011089165 | 0.00024102
1.6 | 0.013549703 | 0.000470002 | 0,03 -
1.8 | 0.016042862 | 0.00083389
2 |0.018528653 | 0.001373244 | |0-02 7 )
2.2 | 0,020973758 | 0.002129109 | |50,
2.4 | 0.023350728 | 0.003140677
2.6 | 0.025637263 | 0.00444314 0
2.8 | 0.027815577 | 0.006065857
3 |0.029871811 | 0.008030926
3.2 | 0.031795527 | 0.010352185
3.4 | 0.033579246 | 0.01303466
3.6 | 0.035218037 | 0.016074419
3.8 | 0.036709153 | 0.019458795 | (012 -
4 |0.038051711 | 0.023166924
4.2 | 0.0392464 | 0.027170538
4.4 | 0.040295229 | 0.031434939 | 0.08
4.6 | 0.041201306 | 0.035920107
4.8 | 0.041968633 | 0.040581876
5 |0.042601942 | 0.045373136 | |0.04
5.2 | 0.043106534 | 0.050245005
5.4 | 0.043488154 | 0.055147961
5.6 | 0.043752869 | 0.060032874 0
5.8 | 0.043906974 | 0.064851945
6 | 0.0439569 | 0.069559526
6.2 | 0.043909144 | 0.074112817
6.4 | 0.043770204 | 0.078472429
6.6 | 0.043546528 | 0.082602831
6.8 | 0.043244464 | 0.086472669
7 | 0.04287023 | 0.090054972

0.04 ~

10.8
12.6
144 ]
16.2
18 7

0 -
1.8 7
3.6
5.4

rlau)

7.2

0.1

0.06

0.02

Fig. (6) The normalized radial wave function R(r) and the radial distribution
function P(r) for the 3d atomic orbital in the hydrogen atom and hydrogen like
ions.

Conclusion: Using equations shown in the table (1)
, we studied the electronic distribution
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function and probability density for the
different orbits of the hydrogen atom
and hydrogen like ions. From present
work, we noted the following:

1- In s orbits, the R(r) value is not
equal to zero at the nucleus, that can be
observed in figures (1,2,4), what not
observed in other orbits.

2 - The probability of finding an
electron in 2s shell within one Bohr
radius of the nucleus greater than the
probability of finding the electron in
2p shell in the same area, this shows
that the electrons 1s more effective in
blocking electrons of 2p from the
nuclear shipment than in the blocking
electrons of 2s. in other words, the
orbits 2s, 2p will have the same energy
in the atoms that have more than one
electron.

3 - Figures (1..6), show that the
distribution function of the hydrogen
atom is greater than the distribution
function of ions that hydrogen like
ions. Whenever an atomic number
increasing, the function will approach

to the nucleus, according to the force
of attraction between the nucleus and
the electron.
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