I"\OLECULA‘R SPECTRA
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The SHuely of the behavior ox Charadensbics of a
C
molecule  olen Eled"mmaqumﬁc roadiathon w |ulexsact ith
¢

wattey «  Called " Moleculax Spechu."

The gpuho./\(opn‘c f‘ecb\m'qv«e/:. Qe 8&%2%&[(3 Waed To
wmeasue  the enevgy dipperence hedween Vazious energy

levela of wolecules and +o determine atomre and wmolecular
Stauwtturves .

Natuye of Moleculay §Pec+va $-
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. Molecuwlay Spectra awe band  Apectra.

3. Tt Cowvivbs of & vumber of xegulcwlg Apaced Lluminows
bands.

3. The bands oxe Porwmed by lawge numben op C(OM,L.a
Apaced Apectral lives with definite pattesn.

L. The lives ave (wwded gt the Lowg waveﬂenafh edgt‘- s this

edge B KnOWn oA band head . At the Other edge the Lines
Q¥e Apatious {x KnolWn aj band +ail.

5. The band head will be of hl'glmen [ nbema

: ond  ta
end Will be of |owey lvx‘l‘w?l’g. % e

Clamificationsr of Molecules --

On the bots of Mowenk of |uerbia of the wwolecule
about the Oxu of yobab'on Cthe wole cudes ave Clamifed oa,
7) Livear waefecule
i) Sywwmetrical top wmaol e eule
i) Sphew'cal bop wislecule
iv) Asywmwebrtc  top wele eule.



1. Lineas wiolecules °-

o
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The wastewudes m Wit ol Hhe okswsy axe
ayyong ed m a M:mfa W line.
Ea - Hd , 0-c-8 (Coxbon Oan‘u,l_P\,u‘cl.e) etc,
Conaider Hel wiolecule  Whose Centre of wows Lich neawest to
¢ Wloywie otowe oA Alwwreve wn ,P_l'(;]u'xf. Let take thee axu of
yetablon A B, Wadh ane w\'\)\lz'\mi,% Pu?mdlw\i_a'a  each othen
ancl passes bhyeugh  Centre of wiodh | peye oxis ‘A & aleng the
divestion of bowd between H' and cl” abomn, o Hwte oxis o
Called  pyinciple axts of wobation.
Whea  woolecule 7;13{15%8 about pm“nu‘ple T

AN
axts A, Hee position of H and ck atowms does /.—}—#6,
H Ia
= /S
A
xC

Mot Changes , hence wwowent of lwestia of a
welecule (s appwxiwuxk%la Zevo, e L,20.
Wihile the wwelecule 'yc{u}:\na aveund oxs B and @ | the
positien of both H and d & changes , hence wlwent of tnextia
obout Hwie bhoth axis ‘w» eq,usql and 8m1:€x than I,. Theefor,

forn Linear wwoleculen, Tp=I. , I,=0.

2. Symmetyic top welecules :-

A ~TN\

The wmowankt of Inexbia 0f o molecule about pPancple
oxis of Yobabion G not equal tv Zero and ‘the womaank of
mex o abeut othey two caxis & equal | thea Auch waolewdes
ave Called on Symweetsic top welewdes.

1.6 Ig=T., Ia*0
Eg - NHz (Ammonia) , CH3F ( Flowr methane ) efe.
The S&mvukn‘c top wwlewules axe Closifiod tako Qam'wp‘a:-

i) pw‘lal‘e Sywmetnc top wiolecules
i) Obla,l’e \bdmme'hic tbp Memleb.



Prolate Symmwietaic  wolecule -
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Mowent of [wextia of a wmolecwde about principle oxo w
ot equal tv zeve hut Llemthan mMowank of Inextia's of othen
twe axis | fuch wisleculen ue paslate Agrametyic wislecules .

Eq:i- CHF (Flowo wethane T
. ) Q" (%
2 Fiq
Gz
_,ZC - ////C".
he l\ H, t\H
H H H, !

Whent weleculen %‘S‘t—ahnﬂ about principal axw 'Q' , position of
G and F alows Qe yot Chonges b posbion while 3 Hydegen
abows Qe Cl\m\am ks epos('h'or\..l—le(\ce Ty 0 but Veb'd Lesror .
lohen. wacdecules y&u_lzuxa abesuk axks 'B' and ‘e all the 5
akows Qe Changing theis yelabive position Ao I.=I. and mucth
highert than T,. Thesefere , Pon paolate molecules
I‘B: IC>IG

Oblafe S\/mme“"b‘l‘c molecules =
P N g W, W

Mowent of Inextia af a molecyle about princi

ple axa
a’aea:te‘g than, the wowent of lvestia's of Othey two oxs of the
wicle cule , Auch are Known as oblate

Eq - Bely (Boren Exichlonide

Symmedaic waolecuwles .
) , NH, (Ammonia) |

When wolecule wotake about painuple
axls | the wwomenk of tnexbhia alout
that axv W highe becaure aly
thyee Chloxne akoms Chcmaw ds
Position. When waslewle wtabe about

oaxs ‘B and ‘o , O of thaee clhlowine
atoms orjlff ’cwoatw,\b whates gt Cytumfeence hence wiewant of
nevbia requinved v lesmen +than Ia - Thesefore

I,=T,< T,




3. Sphesical top wolecules :-

WAL N~ —_—N i N N N N e

Mowent of Inexbia  of a wolecwde abeut thyee oxw w
e,.Lual then Auch wislecules Qe Called on Sphenicol top wolecules,
Eg:- CH, ( Methane )

(

Centve of wam & in exactly on Cavbon atom, hence no
pynciple oxis s exiats . So ohen wolecules »otates obeut the
Havee axs all the abswa ghcm(qe/‘b thewe elahwve 'Positioa,"veﬂ(e
wewenE  of et of a wfecule  abewt the thwee ax(y (x4 Aame.

e M= Iyg=T,

L. Asﬁm.metzr?c top wolecules -

~

Momenk of lnexbia of a wwlecwle abeout thyee oxie

& difPexent then Auch wadecules ove called ob Al&«dmmt’cﬁc

‘kop wioleculehd .
Eq :- Ving) Chloxide (HaC=CHcl)

% 7

C = Q@

d N oal

H H

H

A wolecule beconen Asauwudﬁn'c ‘l‘op molecule jp
Lheve B no pwper Oxb of tabion. Theselore  this & the
Least Agawmekme clams of wudlecules.

L Tk Iy F T



Mole.cu\db‘ wobons and Et\erat'QA .
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Tipess oF Hsles

Molecwlay  washion o defined on wovement of (Cowtituent
paaticles of wwobion. i Cestain divechion, The degree of
mobion of Cowsbituent particles afPected béi termpamature ,
hecalne fe.\.\pa\ aliye [y the weasue of the avevage Ki'weh'c
entvgy 0{? the L\,uffeculeh, w EBE=ERKT .

Theve ave fouy bypes of wmelecnlan wshion :
L Trawslalony wishon -
The wovewent of woletules way be vn a
divecbon , bat the wovement axs  rewiaanhs the /Sawme l.e
Mraight Line. This Poswm of wovewient s Colled Tronsdakosy

ol ipperedt

wistion .

5 Rotnbonal wotlon :-
The wwoleamles astale  awwund the Oarw |, ths

type of wwsbont s Called Qob&"\OV\a& web'on .

= \/.'bmt‘\'OV\O& wshon -
To ard fyo movement of mofecule vn dhain
wean  position s Colled Vibrahonal washion.

e of Molecule ;-
gy 55 SRR

The €wnexgy of a datowuc v\/\.o"ewle e e T ‘

5y the bransistion of elechon fyom  eExciled eneagy Ak b
lopsen Male psithin the wolecle s Known Electmonic energy (E)

ity the Whration of the atoms Wn the wolecule s Known os
Vibwational ewergy (E,).

41) the votablon of the moaleculeA about the Centre of masr
» Known as Refabiowal energy (E,).

iv) wmovement of wofecule Knovwn on Tomlabional energy (Egd.




thuws the ol enexgy  of the molecule & the Aum of
E. , By and E.. 1€

These energies Qe C'Luavxhzecl,

BOH’\ = Oppenhe?mer -APP?—‘OX‘YY\CLHOV\ °-

o~ -
WA= el e S N NN T N N TN

Tt ababes Huot " the bxtal energy omociated with ywolecule
& avumed +o be Aum o elechont . vibrabional  owd

yetabonal €v\e\3-\'eb and Eheae vaekg«i&ﬁ are Cownideved to be
Independent  on each othey .

Eromd = Eup t Ego + Epp + B,
+he le\ar\ge w E.V\Q\’ag e %:VP_V\. ba
AE, = AE,, + AEe-f AE_ + AE{:
ramslabonal euergy &t AoSwall Huat & & to be baken ob
Cenbrnuons .. AE =0 .

Origin. of ™Molecwlar Spec_&za =
I o= e NN T

-~

The wwelecular /\Ped'a'a. a»sel due fo Erasnsiadiond
between allowed energy sbales of wolecunlesn.

The +ransisbion  between -hao enexgy Atalts of a molecule
as a yepuldk af obAG‘qJ‘HU"L Or emiAMon of energy 81\& e to w
rpectrnl  Line. when wmolecule Supfexa o taandabion $rom highen
enegy Male o lower energy Make | diffevence of €nergy AE
s emitted ah yYadiabon of ﬁmﬁl‘*e”(a D) «anren o

'\):_é_@_
h

Lere each allowed bransnbon | We ﬂd: one line en the

Aped'aum ef the molecule ,



'Types OE MO‘QC\A\O.Y Spe&ta "
SAASS A= AN —NT

2. Purve Retational SPQCi‘ncm “-
W;\/\/\/\

D A

The Eroesistiens  hetween the votabonal enevgy Males
of wwletule poith the emimmon ev obaoxphion of a photon
gives  pure ystabowal  Apectmum.

In this Cose eleckaonit Cen%‘aumﬁon of atom and
Uibyational atate of molecule yemalws the Aame.

These Apechra are (v the mMICYOWAVE aad FPor TR wegions.

2. Rotkational - vibaation Qpcchum o

> —
T T T, S, S, S ST S S NN S N N

7§ wolecule yvemadw wn the %W\AY\A pale  of eleckyonic
energies and 'f there & Fransmation between the votabienal
and VWibaratenal enevgy levels , We get Retakional - Vibaakion

M pectya.

These Apectzum e near IR vegqiows.

2. Electsonic Spedkyum -
P N
If there 5 trarsiabhons wnm the elecdyonve
mlca&-\'cwol and \/{bn\b‘o'\cxl eneygy | envelss ,then we 8et'
eleck»niC /Sped-wm .

The Apectaum lies 0 Wrerble and UV \'eafows.

Theory oF Rigid Retatox =

=]

2 m

R O O

(my)

|
%> Ty

€ v

Conmden o drofowic
axe the abwuc Womes of okews . TE ¥’ b a equlibmum

wmolecnle tn ohd m, and my



distance B abtows alpo Knon oh bownd Lefbth(‘(ﬂ. Cenkye of
wmass  lies ab the powk 0" by, two akows  owd sstabional axu
B pasd H«Wv.katx Cenlye of WMaNs Lol A j’)ewpe_nd.a'wlm o bond leﬂ;j’fh-

Mowent of Tweata of Lth pt\'bh'cle A T = Z'm;zr,-a

Mowent of lnestia of the mohwle abeut the axi of yokabon i

Tz WGt +mypd  ewesm s &)

wheve ¥ w distance By axis of wtohion and mass my and
¥, & distance bly Oxu of ywltobon and masd 'm,’ .

from Centve of maM, WY =myy, ----- (2
v’S\.Y\Le bOV\C\ ,Qr\aﬂ\ T = 'Xl -4 T&
oYy T Y-y T = T~ ¥y
eq (D) becomes eq () beComes
m, T = My (Y -y) m, (¥-%a) = My e
m"5|: rr\a'b’-m&’xl ml“(— m‘xa - mn ‘b-a
31 Lm“" ma) = max ™ T = ma’l‘a“f ml‘Ka
_ WY
¥ = _Ma¥ ) g = c4)
™M, 4 Mg LT ]
Aubstute (3) and (&) vn eq (1)
: 2
T = mlm&.&a my i ¥*
(m\*ma)a Cm,+ ma)a
T = Mg Cm+my) 'Ka
(4 my)?
0T == mlm& .X&
(o +my )
e |
T =HY toheye A= MM yeduced wask.

(m+my)

Thus equation 84'veh wewenk o] InevtHa of draowue
wacle Culep .



Ev\e'\'a‘é [evels -

A SONGDNALA

A*\S\\lm wowmewnkum  of Whhjxg bocba (A G ven bB

L= T
(\u\xa»\\wt v et um of o ')m{ahma boda A wounkuum methwu'(aua

]
i ven b‘d

L=VT(T+) h | wheae k= h/yn
Ev\t\a-n of \‘GHWS bo&d 0 64‘vu» ba,

= L T te®
E A
E = LT v T
& I
E = CI&))&
QT
Q

v_\;\,xbxk'\'h\h, the Valume af i Y QCL'V‘(S) , weae:l'

E= T(J+1) N
A" T

Whexe 7=0,1,2,3 ~----- Called Rotarional q_uan*‘um number.

)

Frcan planck's Law, E = ha

g= hC _ he.lb
= <

a
E= hc.®
- = _E TCT+1) W
ha 8T hg
-—T) = h ¥ J-CJ'TI)
I

—_—

N = B.T(T+1)

The YO‘{:ZLHOV\CJ ey\eraz levelp o£ the mo\EC\'\‘Q/D AT ,@ewnd

by UMmg the Selechon wule AJ=%17-
-aOT\ j:o -{)O = 0O

2

—

3'=‘ ’ '\J‘;' aB
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'?-071 T8 )—{);: (=4 %)
fon I=3, V,= 128

JI=4 , '.]__)q: 20 B

0,aB, 68,125,208 ,306 Ore the ewneryy |evells Forr
¥otabonal quantum mumbey T = 0,1,2,3,4,S ------

Ene\\;a:d Sped—wm -

SN AN T

For two Auccemive enevgy (evels Covu/»pm\é.fxv\g to
T and T+1 :

the enexgy dippevence s 8\'\fer\. ba

AB = By, - Ej
A = W maycta) - B 3T
eR1 FRT
2}
se = S e [3+2-7]
ST
N =
AE = O _ (J+1) and D= LE _ a8 (T+1)
LT he
2V = ap(1) = Ak
0o—»>1
V,s = &B (@) = 4B

hence mhﬁond energy Ap edrum of Y\‘gx’d d {okeww'e
metecnle (vatakos) Comsis of Aewies of Lines ok 28,48,

68,88 -----eic.

Therse Lines ooe eqy\a\\sa APQCed ba an
Ameunt of 2B.

J=1 J=2 = J=4 I=5

Q)
1
o

o aB 6B 128 908 308 428



NON - RTGID ROTATOR %-
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In R\'a“c\ yotodon | the Aepevatbion of /Spec.hro-\ Loaes
s equtdistant by 8. But expevimentally we Aaw thak
Mepevabion of Apectmal Lines v decveated With lncrenhe
e tabional quantum numben T . This (» because
the distonce between +he okowis i 6. woleeule i

bend lengt‘h & not Conctont  while ’a’o“:‘at\ng Areund
Ehe oaxw of astabion .

When diatowic wwlecule (» '}‘Shti”ﬂ abent the
ax W ef ystabort | the atowns aoxe \/\'bmﬁmg gdﬁvxg the
bowd beche,en. Hie adowas | Hence ~ypbatownol energy o$

o U\,\D’PQCN\IE b Incyeaied os  well on %‘:—&b‘owo\l.
auantunwt  aumben 'J also  Incye oned . AN o weAuwlE

CEV\{'Y‘-E"‘B‘\L -?o\'te U> acts on the odewh . Hence bg\'\a
Lenam TG lncmouseol, hence ~ohabional Cowntaunk '

(9. decxeomecl . ’Tke’(eﬁore 3 A?QC:JAa b&meer\_ the APQM
Lives b decveaned oh Increared (n J

Tn ?-d:akw\ﬁ diatewdic ywdewde 4he okows Oe
(onnected ba wiosle s fsrp'wng, Mch waoleCules wWhch

oxe. (,vaam Ut lnfermnuc] eah Arstance ‘ A
Whle \'sbl'ma

about axix of 2zotabion ([ Known o l\)on—rn‘au’C‘
ot tboy.



Setup the SC‘/\)’OC‘\'WBQD'A eqwation (307—\ rolatovnal enexgy,
Hienw e Lol 8et

4

E; = W g+ h

_ A T41)°
QAN T 23R 3 k

N ]'Oul&/b

Ewe ﬁV&qwev\ca o_t ev\nﬂa Aped'cwm S

-—

") = Ej - h
he QY C

3
F(T+) ~ n T“CJ»H):‘
2aRt TR KC

4 -\
S = BICT+) - DICTa) cm

3
lhene D = h

= s Yhe Cew\"zr'\.@maa& A isroxtian
3ant Iy ka

Contonk of posihve q/\/\c«»\b“‘«%-

VIBRATING MOLECULE AS A HARMONIC OSCILLATOR 2-

S N T e AT LN A AN A NS T T T
T the Cose af diatowic wwelewle | akowns axe \/.‘bmh‘ng
Jsnce H«\Pﬁ ave Connecked b'a o When the exteanal

a - .
ponce acting on the Aydem uw Zevo walecnle wawk be n
equiUibaum Mote je atewh axe i weat. o Equil baum

distance Bly them G ¥ . |jhea extesnal Porce 1 act 0n the /Szj"&‘“
Aictance by, alewhs Qre Cb\anaed due 1o expar\b\hﬂ of bond.

— ,.___Jnmlnmm——-4: —r
L T !

Y 5 —a—i¢ Yo b

e Y \

p———— T3

|

The displacewent of the z\pzs{’mﬂ ol any twe, «=a+b
The length of the Ap‘c\}nﬂ ot any time given bry
Yot X = Ag =%,
" o=



1f Ko the fmce Comsntant O.f’ 1 he /bp'lr:n’\g '?j«:PaQAQ!\L{f‘(j
bond  between twoe atows | and F, and F awe the zestoring

tovees acting on My and ™, mapech'vvt\(j . Then | £»0m Hooke's
lLaw

, = R% and Fp = —HX

fyom Newton's Second Law ,

R = m a, = m,c]_—l_l, = KL ()
dt?

Fy = MqQq = My @-‘) = - KX — )
ded

"“LLLHP% eq (1) by my and  eq(3) by my and then
Aub t\-a(..l'ir\g €q ) Pyom eq(3) | we 8el—.
mlm‘\ d—z;—x& — ml mQ @' =2

-~

== m‘ K'L = mQK')L

dt ded
Ay cl_l_x, _ ™+
m.ma[d—;—\ P j} K (v+ 2)
™ My [ dR% _ ddy - K — W)
m,+mg | ded dtd

ditpeventate eq(1) bwice w.¥.t 't We get
o2 = ﬂ& - C_{EZ(I

dE deX d2
eq (4) beComesr, MMy  day K%
mtmyg  ded
dn [ s
= i A = 0
B d 2

dil .ﬁ'&:
fa&t* T ‘”J

Thehre Qimh‘on 'TE.P'(QAe,v\I)a S‘I‘V\,\,{)le hoswvewtc WUO{-\"OV\..,
hewnce v{bmfﬁ«g wdecules ame behaves hon Stwple  laymente
Ceallator . (own'zn.m(j Ehene eq'wﬂﬂ\()vx ith  CumM equaton

e have W= K = ' K
I (k.1 W = .,'I

) = iLn"‘,a' U the -ﬁmqwanca of \v/byabion.




Wave mumben (V) = —‘—‘\|%

QRC

E\\eva\u le\'e'b =

N TN NS b e e

When the enesgy of the wolecule v [ncreaned , then the

atouws Vibaxalte wove C\ch\}e\\a back and Bo'rh e Compnm.(,»r\.

and  ©xfenMo n 4he bond . The ﬁrequem% of Oscillahon s Cepend

O(\\d on _ED\‘CQ CO(\S-‘-CU‘\'* of bor\d aﬂJ mQNM O¥ Oj-om/a OﬂG‘ lnd({ffﬂl\t
On bond \enah‘t.

Nibyatonal enesgy s ol Ao cL'uan'h'Zed and & Calculoted bwa
u\c\utnﬂ Sck'sodt'v\%a‘/b Qq’mhbn e ad'

Ey = (‘D-tﬁ) heo, TJoule

heye VOV - V\'bmah'Ona\ QuanWm nwumben.

Ep=E2 = (vaf) & o

put Lo = w, | Qreq’ue,nca n Terms of Lyave numben
c

s Bz (”*3) W,

The Lowéint wissceisnal enevgy obtained b% havxﬁa V=0
ate E‘D hw°

= JouleA

Ey= L & Can!

Tt Indicales that diatowie wislecule d

F o

| onot have Zero
Ui bwat onal €uergy e the abowms th the wlecule Cout vievey

COMPLd:eLa ol >est . The Lowest possible energy sk be o
Z’%hw" Oy L@, - Tt depends on M:mafh of bond and wss of atewh,

By Selechon rule | we have AaAv = 44

e fon v=0,1,2,3

...... , the Vibyabional enewpged be
Ao 3 75 57 < =
2 W, , 3w° ' R W, M Cm Q—'__B' éhwo > %hwo,ghwo n ]OM‘Q/)
Yerpectively,
\):3 £3: j‘imc
=9 Eﬂ.: §ao
v= 1 E|= %ao
V= o E:,:‘éac



ProBLEMS :-

1. Tn €O wolecule the wavenumbert difpexence betiveen the

Auccemsive  Qbaoypiion lines im the pure otwbonal Apeckrum i

29k n'. Colewlate wowent of Ilnextia of the wwlecule and the
equilibsium  bond Lenath of the wolecule .

iven - Mames 0f €2 atoma = 1.99 X (0 2° Ky
Mames of 0 abowns = 2.66x 15 Ky-

W.KT AV = n = 3894 '
LIIC
R | S 6.654 x (6>
T = ).456 X167 kgm?

Reduced wow () = MMy _ 1.29x2.66x(5%

ETS [1.99 +2.66] x16**

W= 1.138 x16°° Ky
Bond length (¥) = \J \j 1L4SexIS% g 31 %0 mt

1.138€ X |5 26

2. The Lines im the pue wctabional Apecksum of Hl ot Apaced ah
3
josjn x10® pew metre . Colculale V\Aﬁ‘%iﬂt of lnextia @nd the Inttanudean
\ nce . MOM = l' ; y
of paston = 16T XI0 "kg | mams of Chloxine = 58.6xI0" Hy-

Redwced wass (u) = OiMy  _ L6TX5"'x5@.5 x5
™ +mMy (1.6T+58.5)x 1o 2"

K= 1.6a % 00~&1 ka

A= _h _ 20.8 X0 v
4RI G
T = _ 6:654%15% _
452 % 3% 108 x 20.8X T = 2.699 xi6" Kgm’

¥ = ,{E_ = 547
9 = | R6PIXI0 -

= l
TN = LagexXio m




3. Deteswaine the ystattonal ev\cw of CO 0On the q/\&o.r\bum

level =9 ¢ the equiliba™um nuclean dictance of CO b 1.z1a
(2am.u = 166 A Kg) -

Reduced matd () = WM, My _te %12 - 6.957 .M. U
™M+ My 6+ 1R
- 6.857 X .66 X R
Ho= lel4 X152 Kg
Mowend of |nexbia (T) = p¥?
I = 114 %162y (1.131016'°)2
T = |.4ex|546 Kg m=
Energy (E) = h TCT+)
8 T
£ = (6.654%16%) x6

- 2 :3o><|6‘:1':2 3
e x I Lbx gre

L. Find the €nergy and o.ng‘uk\a'b' \/e\ocirvd of Co wwolecule

0 the grewnd Mafe . Given €O bond length = p.113 nm

ond mars of afemh m_ = (.99 xto’“’Ka and m = 2.66 N0 K.

W-H-T  Enegy of Aiatemic woltule = T+ b

ST*L
fon %mnd Mate , J=0
5 g2 1O
S - - \ a
famCe  energy [:3,._3__1&)

a
¢ ! TW =o
" 24

Aﬂgu\oz \/elocf'ﬁA (w) =0



ELECTRONIC SPECTRA :-

D S TN NS N

I Enem—gie.s of sstotional and Vibwabonol Apect¥a axe due
v wshion of atowic nuclel  beCauhe wmort woss of the akew
i (oncentrated in the nuclel.

3. TIn wolecule | electyons  ore excited to highen Abate  Paom

8;0uncl Malbe . The Apacing of thene levels s much guealen
Lhan Apacivg of vibratlonal or ~wotab'onal  levels . The
electyonic trarwishion thuws Involve much 8xegd:gn Qnua;'efa
and gives vise fo Apectwya of Visble ox DV wegion.

2. Elechyonic eneygy levels tn a wolecule aye /Sg,Pe}ﬂ\t-&d
by eu\e—}g‘-% of onden of ev. Each electronic enevgy | evell
may have muwmben of vibwational eneygy Level A, With gach

vibrational eneygy Jevel Puathen "\c\vfng numben  of

~otat onal enexgy level A With ewexgy /\epez’ahAOn o.f 162 ey

ko 16°ev. Thus each energy level of efeckaonic Apectra
Conairbs of lange numben op levels C\O/SQAAA. Apated
L‘Dﬁe:H'\U'L - Each  eleddyonic +yansiAtion Eherefovre p’wd‘*cm

O Aesies op cIer.}j Apaced  Linea.

L. A wolecules exhibit electyonic Apedtra | becauae
dipole moment 4 always occowpanied . Homo nutlear
wolecule Like Ny | Hge, 04 1ohith doesnot  @xhi bit

yotabonal or Vibational Apectwa  because they doesnst
poms  peswmonent dipele wowent .



Erspunny of Speiwe o

When +the electyon(cC saker of a molecule axe excifed,

Hhe botnl eweygy of the moletule 1a o givea guantwm Atale,
s 8\‘ven. b%
E = E.xE, ¥ By

the  Prequenty of yadiation , when FyanArabion between any

o aabedr takKes P\c\Le B %(vea bta

v-Efa _ Ey-Ba , Evi-Bua , Em~Eo

h = ™ h
o = DB 4 BBy A%y
h e h

v = L[ aE+ By rES]
I

LUMINESCENCE &
WW‘-’\N\W
Whew wwolecule absosbs enexgy in the Porm
hogh frequenty yodiation and de-emits k (n the Lo
of Visble L‘“c']t"t , this phenowenon G Knownt as Luminacence.
FLOORESCENCE 3-
A SIS

When a wwolecule  absoxbs and emitts phston

Awmbkbencowsly  that  phenowwenon G Known o
Fluoveacente.

PHOSPHORESCENCE =-

TP the wwolecule ewittn ,h(}_;)ht bwd wiinutes ox

h OU'UA O-H:Q?'l tl‘\e [Y\(.h‘Q( O,bAo'a-Ph\on_ o-? 'Pho‘ton {Tl’u._b
type of yods ationt emiron (x Phosphovestence.



ProBLEMS :-

1. Tn CO wwolecule the wavenumbert dipfesence beteen the
AucceAvive abaowphion lineA im the puye yotabionol Apetkrum i

384 m'. Calcalate wwowent of [nexbia of the wmolecule and the
equilibxium  phond Length of the wolecule .
Given - Mases of €2 atoma = 1.99 X (02° kg
Mames op 0° abtown = 2.6bx16%° kyq-

WK T A{) = h (2 394 'I'Y-\'
LRRIC
. re_h 6.654 x 154
4nrc AV 4RAX B %10° x 394

T = ). 456 x10 8 kg "

Reduced was (u) = MMy _ 7\.qqxa.6bx165""
™+ My [1.99+2.66]x(6%%
L= 1138 X102 Ky
Bond \enath (¥) = ,’ \{ [.4S6XI6% o 113y %10 mt
1,138 X ID

. The lines i the pure wobakional Apedtsum of Hel o Apaced ok
0.9 X107 pex metve . Colculafe wiowent of Inextia gad the Inttrnudleot

distance. Mam = 16T x5
of pasten= 1.6TXI0 "kg | mas of Chloaine = 58.5x1611hg-

Redwced wams (u) = MMMy _  1.6TXI5"'x58.5 x5~
m+mMy (1.67+5%.5)X 1o
U= 1.6a X IO..DJ ka
A{S = h = Q0.8 X|02 Tﬁ‘
4RIC
I = 6.654 % |54

=47
472x 3%10% x 20.8X [T 3880 Xl "‘8""

3=\/-§— - | &.699%x16%47

-10
l.oax (g7 L a86 X 10 m

1t



3. Detexswaine the yptational energy of CO On the gquankum
level 7=3 ¢ the equilibatum nuclean dietance of CO U 1.131R°

(la.m.u = L66 ALd" Kg) -
Reduced matsy ()= Mma _ 16X12 o5 q.mu
™M+ My 6+ 1R
_ £.857 X .66 X to
~ab
Ho o= el X1 Kg
Mowend of |nexha (T) = Ly 2
T = 1.4 x|6&6x U-l3|x1510)a
= .46 x164¢ kg m?
Energy (E) = R T (T+1)
87 I
- 24 Y x 6 ;
£ = (6.654%X(077) % , a,sox‘o'ﬂ T
SR x 1. Lb X 15kb

L. Find the €nergy and angv\‘a’b’ \/e\oci\'ad of Co wiwolecule

w the gm“‘! Mafe . Given CO bond \eng‘th.—_ 0.113 nm

-6 -
ond mars of ofoms m. = (.99 XI0 K.a and m,= .66 7&\0%\‘93
T3+ R

Energy of Aiatemic wolcule =
8R*L

W T

Lon %mf\d Mate , J=0

A_nau\oz \/elocff‘.(j (w) =0

———



5. In near TR ppechrum of Hcl weolecule  tHhave & Amale [nfense

band ak a885.9 cm'. Aturning  thot & & due o bxonsiabion bl
vibyabhon levels . Showthat force Constant K = 400 N/m -
Given - M, = L6gx 10 Ha

= s LS
P == = =
C

-r\fq\.\er\(d c_f Vib¥ahon ('\))= v

A8R590 X 3 K10

V = R.6577 %07 Hz
A
V= ;M\}% S K= 47(3,_11)"‘

veduted woms () = M Ma _ 1%X35
MH+M([ (1+365)

XMH

W= 35%0.60x18" _
36 -
K= 4% 1.63X107 x (.65A10" )a

K= 4823.-3 N/m.

_7_’]
(.63 RO Kg

6. calculale the Vibrational Cnergy Jevelsr of an Hcl
melecule | amuming +he Porce Constant to be 516 Nim.
luhi .- -2
36
-2
K o= 1.68 *1D Kg.
\ Sle
1V = -
.?\req,uenct‘ (v) an m‘%
13
V = 2.28 AD Wz
EM?Z‘] levels are given b}j ('1)%5) ho
-3 13
E‘,: 6.654 %10 4xg.9%xlo (’0«-.&) Towleh.
= S.Qxlo_ao('\)-r-}i) Joulen .
fon v=o B .= 2.95%x10%° T = 0.1843 eV
v=i g - 8.85%18° 3 = 0.553 ev
V=2 Eu:a = Hp.TS X I(SQOJ = 0.931 ev
V=3 Epeaq = 20.65 x(g%°7 =

= 1. 390 ev



