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** Blackbody Radiation 3 g acall g ladi*

If we heat an object up to about 1500 degrees we will begin to see a dull

red glow and we say the object is red hot. If we heat something up to about
5000 degrees, near the temperature of the sun's surface, it radiates well
throughout the visible spectrum and we say it is white-hot.
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* A black body is an ideal body that absorbs all the Electromagnetic
radiation (light) that strikes it. To stay in thermal equilibrium, the radiation

must emit at the same rate as its absorption.
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* Because black body is the best absorber of all wavelengths of visible
light, it should also be the best emitter.
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* Various materials emit different amounts of radiant energy even when

they are at the same temperature.
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* By definition, a black body in thermal equilibrium has an emissivity of
(e=1). Real objects do not radiate as much heat as a perfect black body.
They radiate less heat than a black body and therefore are called gray
bodies.
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* Stefan-Boltzmann law: The total energy E radiated from per unit
surface area (square meter) of black surface is proportional to the fourth
power of the absolute temperature (T%). Eq. (15).
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* Where J” = power radiated (Watt) per unit area from black body.
e = Emissivity («3=x¥1) =1 for ideal radiator
¢ = Stefan-Boltzmann constant =5.67*10° W.m2.K*.
A = Surface area (m?)
T= surface temperature of the body in K.

* Emissivity: Is the ratio of energy radiated by the body to the energy
radiated by a black body with the same temperature.
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* Different elements absorb and emit light differently because of their unique
atomic structure. Each element has its own unique spectral lines. There are
three different types of spectra: Continuous, Emission, and Absorption.
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* If white light falls on a prism, mounted in a spectrometer, the prism
deviates the waves of varying wavelengths to different directions. The
picture obtained in the telescope field of view is composed of a variety of
colored slit images. That kind of picture is called a spectrum.
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* For example, if the slit is illuminated with light from a sodium vapor
lamp, two images of the slit are obtained in the yellow region of the
spectrum. These images are the emission lines of sodium having

wavelengths (589.6 nm) and (589 nm). This is known as the spectrum of
sodium.
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Spectrum of Hydrogen Atom

* One of the most important applications of early quantum theory was the
interpretation of the atomic spectrum of hydrogen based on the
Rutherford-Bohr model of the atom.
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* When an electric discharge occurs during a sample of hydrogen, the H;
molecules dissociate into atoms, and the electron in a particular excited H
atom may be promoted to one of many high energy levels.
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* These levels or (states) are transient and the electron falls back to a lower
energy state, emitting energy. The consequence is the observation of
spectral lines in the emission spectrum of hydrogen; the spectrum consists
of groups of discrete lines that have discrete energy corresponding to
electronic transitions.
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Where; Ru = Rydberg constant for hydrogen (crssoxel) 303 & jual ) <uld)

R = (1.097*%10" m™* or 1.097*10° cm™). Z? = atomic number of Hydrogen
atom. y = is the wavenumber (reciprocal of wavelength in cm™).

28



Inorganic Chemistry ... First Class ... First Semester... (2020-2021) ... Dr. Basim Hatim Naseef

*All lines in all the series obey the general expression given in
eq.(16), where always (n2 > ny).
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For the Lyman series =1 o= 234567....
For the Balmer series =2 no=34567....
For the Paschen series =3 o= 4567....
For the Brackett series ni=4 ne=5.67....

For the Pfund series e o= 67,...0
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Bohr’s Theory of The Atomic Spectrum of Hydrogen

* In 1913, Niels Bohr combined elements of quantum theory
and classical physics in a treatment of the hydrogen atom. He stated four

postulates for an electron in an atom:
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m=mass of electron, v=velocity of electron, r=radius of shell,

n= integer, n is known as a quantum number or, more specifically, the
principal quantum number.
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* Bohr postulates in order for the electron to move in a stable orbit, the
electrostatic attraction between it and the proton must be balanced by the
centrifugal force that results from its circular motion. As shown in Figure
below, the forces are actually in opposite directions, and equal in its
magnitudes.
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(6 s (e 05 STV Jity Lexie Jadh (emitted) < ) (absorbed) =i ddall of *
e O S il A8l (5 58 colial) andadil) S Sl 8 i g WS AT ) iU
3lill (e B Al (5 sie (e (58 8l ABU] dualialial amy 5 STV JE51 1Y (positive)
O S & 1) (negative) b ) A8all (558 & sSaa g o) sill ) aia aay) Ha) )
(Uladll) (Al (5 siall (uis N & s U Lguatial (Al ) 55580 A8 JS 2 lae (8 2 52 sall

Bl (e il (K1 (AT lae) Lal (Bl s st I 5l 4 sl 300

Energy, n

oo

N W A0

I YYYY

Electron moves to Electron moves to
higher energy as lower energy as
light is absorbed light is emitted

(i 5 5) e BB (58 (ol) A8 3 kil e 8 e LIS (o Lo A (e
AN 5 La s b s siall (s SV U a5 ll il ]l paliatial R
(26)e§~)2\ji"~d‘éﬁd@@9j‘ﬁié‘@ﬁj

AE= E”z_Eﬂl
A F— 27>me? ( 12 SUO ) (26)

2
h 1y .

«(absorption) sal—aial il CulS 131 ((26) oDe ) Adlaall (ad; Lo 1daga Aaadle*
4l Jiiall (ng) S laall (e el )5S & 5 SV 4 JEi) (ng) JsY) el ol
«(ODE = + positive) 4 g a8Uall (3,8 dad o sSis adde 5 (N < N2) O ) e S
OsSam (3 SV e JEiall (Rg) JsY) Dl Gl (Emmision) Sbes dulee cilS 131 L
OsSim agle 5 ¢(Ny > N2) O 6! s ST 4l (aal ) Jitiall (Rg) S ladll (e LS

(OE = - negative) 4l 48Ual) 3 8 4l
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S sa (e (0558l 5l o gual) Q8L aiaall) U (5 fKIY) 32 50 Anils Cansial) o LY *
O OSae (353 e Bl (ol 5 A8l (5 51 se I (315 e amy Jlae) e 6L
o>l 2l Aoy e yumy ol ((27) @B, Adalas cFrequency y il AV e

.(28) &8 4aas « wave number y°

_E
7= h
__ 2w?%me? 1 1
7 3 ( 2 _'2) """""""" (27)
h 3 A
-7
Y =<
- 27?me? [ 1] 1
Y 3 ( 77 T3 ) """""""" (28)

(Rydberg Constant) <l sl cull Jia oo ¢(28) ad) Aalas (853 g sall sl Gl *
«(29) A Aslaall b cpall s ((Rp) Com 5ol 5,30

S L — (29)
h3c

pill S5 (1,097 * 10" m™) ! (2.097 * 10° em ) 45Y) A8all o 4l (Ryy) *
(Rn=13.6 eV) s (Rn =2.197 *10%8 J) 45!

sl Johll caai 5 [(16)] &L Aabas [adlilas pally (318) Cal lazal 5 jla Y1 *
2anll s 8 g alding A 5 olial ¥ aleal) Baal ¢pra il Tadd 2 gal) daad) [l

sasdll Jshll 5l asal
v =-1 — Rsz( ]: = ]2) ............... (16)
A ny  n3
_ 1 | 1
Y = — =1.097 * 10° 5 — 3 ) em!
s ny
] 11 )
Y = — =1.097 * 107 ( 1
A ni  ng/l o
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6(Z = 1) h‘}&jwcﬁ‘)ﬂ‘udm L#‘}&JJ%\BJJ@HJM(]_G) (;5‘):\1)\.’.4\*
«(ions similar to hydrogen atom) css s uedl dqadll Gl V) Caslal Jasis SIS
(Z#1) Cus sl gl g 0SI 5N ladae Al 5 oHe'™, sLi*2 , 4Be™® 25

«(30) @b Adlaally (Ep) Cine e Gaia Qg AN A8 (o janil) Wiy ale Sy *
A i (lowest state) (o sy o) J8Y) o Laila (n=1) ¥ laall a8l f s
.(ground state) &Y sl A,

2
E, = -Ry ( 5 ) ............... (30)
n2
72
E,=-2.79 * 1018 ( “—2) J/atom
72
E,=-13.6 ( —) eV/atom
n2

YY) Aalaall aliaid o glaa (oo 9 ASN) A8Uay 3 AN laia Lol *

AE: E”z_EHI
-R -R
AE=(77)-(57)

AE=Ryz( L) (31)

A iy
] ]
AE=2.79 %108 | — —— ) J/atom
Iy iy
AE=13.6 ( ]_2_]_2) eV/atom
m iy
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Example (1): Calculate the wave length of forth line, in Balmer series

of hydrogen atom.

Ans.
O e sl ¢cpan s uell 853 Sl ALl 8 ol ikl Jadll s g o slladl

(n2:6) Lﬁ}m Lﬁﬂ‘j c(nz) J C\‘)A:b.uy A\M‘)‘ 4l Sual 47_139) c(n1=2)d\

o I 1 )
Y = — = 1.097 = 105 ( == =
7y n: o oni/
= 1.097*10° cm *[(1/22) - (1/69)]

=24372.88 cm!
A=1/y
A = (1/24372.88 cm™) = 4.103*10° cm

Example (2): Determine the energy (J) and wavenumber (cm™) of the

transition from n =3 to n =2 for the hydrogen atom.

S haadl ) G hadl) pe JEY) A8s Ol (31) 4 Aabaal) Joniasi

AF= 279 1018 ( ]—2—]—2) J/atom
iy Fis

INF—= 2,79 = 1018(17 — 1:>> J/atom
2= 3=

_ 5
AE=2.179 % 10 ‘8(36) = 3.026 X 107" J/atom

; I ]
Y = L = 1097 %105 ( —2—'—2) cm™!
A non
] 1 1 .
= — = 1.097 * 10° — !
LS (22 :%2) o
=1.524 x 10*%cm™!
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Example (3): Calculate the radius of first, second, third and fourth Bohr

orbitals of hydrogen atom.
Ans.:

Jaxt W ¢Cpa g el 3,3 @\Jﬂ\} Sl 4@&\ WJY) s Q‘J‘JA‘)ML.G ai ol
& bt Sl B e ALy laall 8 ga g aaly juaia dadd s g Cus ((21) A8 Aalaall
Jigad

21.2
S (o (21)

Arime?

Sl 5l Cami Sl eodlet Aladd) i (=1 Js¥) el B e om s Y1
som souedl 3 JsY)

e nth? (1)? * (6.626*107 erq.seq)?
Arme? 4%(3.14)* * (9.1072%10 % g) * (4.8032*10 erq. cm)?

I'=0.529 *10°% cm = 0.529 A

Al e oY ki Caal Cuuai dia g (DY) laall) Js¥1 s skl Caual dagd L jaiul
Ay Al DA e

r=ao* n?

(0.529*10% cm 0r 0.529 A%) (s sl s 5 J ¥ Hlaall Hlad Caal g8 (@g) o) S
*For second orbital (4l L)l

r=0529*10%cm=*22 =2116*10%cm
*For third orbital (Ul
r=0529*108cm=*3 =4.761*10%cm
*For fourth orbital (&0 laall)
r=0529*108%cm * . =8.464 * 108 cm

J\AAJ\ (é) SJQ} J\Jﬁ J\JAM )Lé “al ) ool e.\sl\ % LA
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Example (4): Find the velocity of electron for first Bohr orbital of

hydrogen atom.

L";J\} 4(19) ol Jaai i anle g ¢JgY) J}:\J\M&O}‘)ﬂy\&c‘)_u}k__ﬁ_uﬁk._ljxu‘

JsY) Jlaall plad caat o Cua o) kil Caai g (0) )l o8 ) Lea 5 0 uaia o (g giaS
Gl JUal 8 aa) Al a3

S nh (19)

2T

S (1) * (6.626*%1077 erq. sec)
2%(3.14)*(9.1072*1028 g)*(0.529%10-8 cm)

V=2.188 * 108 cm.sec™

Example (5): Calculate the electron's energy (in erq., Joule and e.V)
for the first and second orbits of the hydrogen atom.
6(24) ("SJ alaal) (pe 0L LY) (Sae anle cg,_'am\} JsY) o J‘JA& Al Gl g__UM\

2
E = — e__ ................ @
2r
OsSa ade ¢ galdl JEL (e aa) A% \é@ﬁ\}c(r:ao*nz)gihu
E=— ¢
2 (a0 * n?)

(4.8032 * 101? erq.cm)?
2%(0.529 * 108 cm) * (1)2

En=1 _— —

En=1 — —2.17987 = 1011 erq

One LS5 e s ) ol Bas g (ge ABLLal) A J o3 QY *
En-1= -2.17987 * 10 erg * (1 J/1*10” erg) =-2.17987 * 108 J
O LSy el g g SN ) Jsa Ban g (e AUl e J a3 V) *
Enet = -2.17987 * 1078 ) * (1eV/1602*10°J) =-136ev
e LeS 5 ¢ S laall 8 A8l Cavnd Y1 5

En=2=- (En=1/N?) =-(136ev/2?) =-34eV
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Example (6): A Hydrogen atom initially in its ground state i.e., n=1 level,
absorbs a photon and ends up in n= 4 level. What must have been the
frequency of the photon? Now the electron makes spontaneous emission and
comes back to the ground state. What are the possible frequencies of the
photons emitted during this process?. (h = 4.14*10% e.V).

Ca JEE g (i 53 58) A8 (i) 51 waall Ay YV ANSD 8 o s gl 503 b ()5 S

Al ias @l gy Spaiandl 55l 22 5 gala (N=4) &l A Jlaadl A (n=1) Y1 il
Garaiall 0 868l 20 33 ga Lad (3 yfiueall dpca YV Al ) (5 STV e 5 Al Calasi) dplac

fileall 038 US4
o Ll (San W) ol b 2 sm sl b (5 SV (8 (e Gamiaall o 58l L
Y s s

1 1

F = —13.6(—2 — —2) E.‘V
n n-
N z
AF=13.6 ( 1—2—%) eV/atom .....cceeeeene.. 31)

np  my”

Dl e ()J) Ll ¢y 5 S a3l Jass) 3 (final) Hledd) Llad) dias (Nf)d) o) S
Lgddlia) ae y A8all (ol ad Alalaall 2 < S5 JLEGY) ) 5 S 4 (jnitial) a2
e ode ) Aaladll (S ad Cua dlalial danall 4(31) 6.3‘) Aaleall e ddar il ) ga¥) any
ban e el 8 Lyl Jerinss g 50 @lly 5 Aaliia (€Ul Led il jlaall ol ) 5 A0l das

(ome WS 5 ¢ Gilalaall (4l (e Lgle Joaniivsall daiil) Calins ¥ (815 coly il 5 elpasSl)

1
E = —13.6 —2—1—2) eV
“rj '.r.it-?
1
nrf LE
13.6 /1 1
Vo= /) -nz_?) eV
.f 'i
13.6 1 1
— _ 2\
v T 4.14 < 10-15 eV, (n 2) ©
Y = —3.28 < 105 — — ) Hz
”f
Y14 = —3.28 x 101’(— — —) Hz
Y= —3.28 x 10" — — 1) Hz
= —3.2 10
Y 3.28 x 10 16

Y= +3.08 x 10" Hz

40



Inorganic Chemistry ... First Class ... First Semester... (2020-2021) ... Dr. Basim Hatim Naseef

M}u}‘)ﬁ‘kﬂdﬁwuy)ﬂ‘uam‘eﬁﬂ\@ﬂd{yﬂ {A‘A‘}dﬂﬁ‘)\_—uY\u‘hj\.}
L) 4 2l HAT JMal il cy B jlae pe Jlaisy)

Jiy Lexie Jlaial) (e SI (5 38U ()ld (spontaneous emission) (Slill cilaxsy)
olial Jaladall JEN  ane LaS 5 63 gil) ) e o) lae )

n=4

Y n=3

YYY n=1

Sl 5 SV i ((n=1) «— (n=4) Jall G (Direct Transition) bl JEsy!
b g5 gal) d8lda yatial Ladie Q})SSNM_)AA.LPJ\ 235ty ol i 5 1< ) Ll
) (Al (585 3 a0 LIV Sy ¢SV ((n=4) Dl I (0=1) Jlaad) (e Jil

-1

Vi1 = —3.08 x 10*° Hz

JEsY) die &9 3 I8 e gaiaal) ¢ 6858l 23 35 Gload (31) a8 Adalaall Linada 13) Lal®
O3 A Al Jssal sl Y (AR s S e Jial J oY) el
10sSa e 5 (R2=4)

F=13.6 ( ]2 — ]2) eV/atom
1y Fis
hY —13.6 ( 1 ) eV/atom

v — 13.6 eV 1 1
T 4.14 x 10715 eV 12 — 42

- 13.6 e\v ]
Y =414 < 10-15 ov (1 -t

Y = 3.28 * 1015 = (0.94)

v= 3.08 x 10"° Hz

(B Ll 5 dagiS L 4 (B1) ad ) Ualae (e Lggle Jsmand) a3 ) oo yill dad () s B8a30
cdadl (8 aadiid o) (Saa il (e (gl Adle
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sailall 4 ol S1 e JUall (3 shaie (b slhae e (Sl da 52
(s O sac 43 (Indirect Transition) bl e Juny) Ll
.(N=1) — (N=2) < (N=4) S (w(a

(N=1) « (N=3) « (N=4) Jxd ¢ (b

.(N=1) « (N=2) « (N=3) « (n=4) Il & (C

Annilly (eally Sl 5 edllns 5l 23 53 Lo iy oMe ) ca¥LaiaY) (e (el JUai) 8
oabaieY) cylany

A giall Cilaa¥) V) JS e il an il Casadtl (Y1

(N=2) «— (n=4) Jlaal) G Cpa JUELYY a0 5%

s 1 1
Ya—sz — —3.28 x 10%? 22 E) Hz
Y= —6.15 < 10" Hz.

(N=1) < (N=2) J2all {a (0 JWELNY) 24 5%

s 1 1
V21 = —3.28 x 1*:)1"<12 — ;> Hz

Y= —2.46 =< 10" H=z.

(n=3) «— (n=4) Jlaad) e Cpa JUELYY a0 5%

- 1 1
Ya—-z = —3.28 x o' Qﬁ o E) Hz

v= —1.6 > 10" Hz.

(N=1) < (N=3) Jaall Cpa Cpa JWLNYY 28 5%

S 1 1
Yis,1 = —3.28 < 10'° 1= — 32) Hz
Y= —2.92 x 10" Hz.

(N=2) < (N=3) Jaall {pa Cpa JWELNY 28 5%

= 1 1
73—}2 = —3.28 x ]_CFL’ 2—2 — ?) H=

Y= —4.57 =< 10! Hz=.

Example (7): Determine the energy (joule) and wavenumber (cm™) of the transition
from n =3 to n = 2 for the hydrogen atom.  (Ans.= 3.026*10%°J , 1.524*10* cm™).

Example (8): What is the energy (in joules) and the wavelength (in meters) of the line
in the spectrum of hydrogen that represents the movement of an electron from Bohr
orbit with n = 4 to the orbit with n = 6? (Ans. =7.566x1072° J, 2.626x107° m)
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