4.4 Hydrogenic atoms
Bohr model”

r,  nth orbit radius
Quaqgsatlon WﬁQ — ki (4.71) Q  orbital angular speed
condition n  principal quantum number
(>0)
coli2 o ap  Bohr radius
Bohr radius ap= 0 5= ~52.9pm (4.72) | »  reduced mass (~m)
Tmee 4nR, —e electronic charge
2 m Z  atomic number
Orbit radius = —do - (4.73) h Planck constant
z h h/(2n)
E, total energy of nth orbit
pe*z? u z? Sneney o
Total energy E =—"'1_" —— R he——"— (4.74) €9 permittivity of free space
! 8e2h2n? " me n?
0 ¢ me electron mass
Fine structure ,uoce2 2 1 475 o fine structure constant
constant = oh dreghc ~ 137 (4.75) uo permeability of free space
hZ
Hartree energy Ey= ~436x10718] (4.76) | Eu Hartree energy
mea(z)
Rydberg R — Mmeco? B mee* __Ey 477 R, Rydberg constant
constant T o T 8h3elc " 2he (4.77) ¢ speed of light
Rydberg’s 1 1 1 Amn  Pphoton wavelength
yeoers =R, Lz (== @478) | 7 P £
formula Do Me n2  m2 m  integer >n

“Because the Bohr model is strictly a two-body problem, the equations use reduced mass, pt=mempyc/(Me+mnpyc) = Me,
where my,¢ is the nuclear mass, throughout. The orbit radius is therefore the electron—nucleus distance.
bWavelength of the spectral line corresponding to electron transitions between orbits m and n.
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Hydrogenlike atoms — Schrodinger solution®

Schrodinger equation
1 zZe .
_7V lIInlm 7eanlm = Eannlm with = w (479)
dmegr Me + Mpyc
Eigenfunctions
(m—1—112 72N\, _
Woim(r,0,¢)= [2n(n+l)' an x'e X/zLin[Ll(X)Ylm(@,@ (4.80)
n—Il—1
Mg dg 241 (I+n)!(—x)f
ith =—— =— d L
wiha=-rze 0 T M e ; QI+ 1+ k) n—l—1—k) k!
Total ener E— ,ue4Z2 481 E, total energy
gy L 86%]’!21’12 (4.81) € permittivity of free space
< > g[3n o l(l + 1)] (4.82) h Planck constant
N : f el
2 ;1 hm/zs; of electron
Radial (r?y=——[5n*4+1-=31(1+1)]  (4.83)

. u reduced mass (~mg)
expectation 1 ol
values (1/r)= (4.84) Mnuc MASS OF MUCIEUS

an2 W,.im eigenfunctions
2 Ze  charge of nucleus
<1/r > QI+ 1Dnda? (4.85) —e  electronic charge
(21+1)
n=123... (4.86) L associated Laguerre
— o polynomials®

Allowed [=0,12.....(n—1) (4.87) a classical orbit radius, n=1
quantum m=0,+1,£2,.... £l (4.88) r electron—nucleus separation
numbers and \ An+0 (4.89) | v  spherical harmonics
selection rules Al=+1 (4.90) | @y Bohr radius = ni?.:iz

Am=0 or =1 (4.91)

a3 a3/? r
_ —r/a _ _ —r/2a
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Ysi0= 40n )1/2 ae /246050 lP2lJ_rl W e 120 gin 0 eHi¢
a3? r r? ], 21/2g73/2 N\ T
_ 1l o —r/3a _ "\ . —r/3a
T300—781(3n)1/2 (27 18a+2a2>e ‘P310—781n1/2 (6 a) ae cosf
g3 . a3 2
T 0 —r/3a +igp _ T .—r/3a 20
‘{’31i1—+781n1/2 (6 a) . sinfle ‘P320_781(6n)1/2 aze (3cos 0—1)
a2 2 a3 2 . i

Wiy = +81 73 —e€ 34 gin 0 cosO et LPSZH:W;G r/34gin? g eti®

“For a single bound electron in a perfect nuclear Coulomb potential (nonrelativistic and spin-free).
bFor dipole transitions between orbitals.
“The sign and indexing definitions for this function vary. This form is appropriate to Equation (4.80).

c=x

Get More Learning Materials Here :

@g www.studentbro.in



Orbital angular dependence

s orbital

(1=0) s= YO0 = constant (4.92)
Px= 2_1—/12(Y11 — Y ") occos¢psind (4.93)

p orbitals i B S

(I1=1) Py=m(Y11+Y1 Y ocsingpsing (4.94)
p. =Y ccosl (4.95)

1 2 -2 2

do = W(Yz +7Y, ") ocsin“Ocos2¢p (4.96)
dy, = 2_1—/12(Y21 — Yz_l) oc sinfcosfcos ¢ (4.97)

fl ir;’;tals d: =Y o 3cos*0—1) (4.98)
dy. = #(Yz1 +Y, Y ocsinfcosOsing (4.99)
dy = 27—/'2(1/22 — Y5 ) ocsin® Osin2¢ (4.100)

Y™ spherical
harmonics®

0,¢ spherical polar
coordinates

4See page 49 for the definition of spherical harmonics.
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