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Basias ofuanhwm Chemisty TD 

Ouantum mechani C8 
Sence motion o micrD parhicles. 

Quanhummechanics Can iterpret Stmictue 
Spectral _behauiouc and even Gtathon ofatom.s and 
mplecules_in derms a motion_ miCm-parhcles- 
like electong and pohna 

Blackbods adiaion 
an ab SoTb allhe adiation hat falls on 
Indensihy_o Tadiahonie dodal radiaHon enitled 

per unrt sursate arta£om a black bod_dep ends 

he only on demperatuxe CT)_and is inde pend ent othe 
nahure o solid._ 

Diskibuhion senerqy inhe blackbud radiahon-

5000k 

Elecyomaaneic 
odiahon 

indengtu 

wavel eah 
P P his distribution is describedin derms of fuachion, 

e Cy) dvhich denodes he density df adiant enera 

in -he4rquenM cy anqe and dvtu 
1eOmo un oradiahon perunit u0lume of black 
Lboda rhamber_ak_a Amperaure T 



E 

i kicndanwa 

Loxd Raleiah 1900) rst _atiempdedat de 

an equaton or distributhion aa radiation densi 
Htms_oclassia lav.sO meehanica. 

This deriuabion based on choo dhegten3 
Theorem sshationany ulaveg in a holl 3paro 
iTheoren_o equipartidion_D eneray 

ollov Spae 

he dhe 2alls o black bod cha arf_ARSumad 
hoxmonit oscllotor co be compo.sed_of lame no haYmonit03illohr 

) 
Hha emi and ahsorb adiahun Connnubsls 

hen he adiahon densrhy is aven b- 

average ene. o 0Sti lator 
nCv)no. o 3sible uibTahions per unit vblume 

Jle can wrte F=YeT- 
n(v)= 8T02 lc 

Radiation densi Canhe orHen a8- 

3TTOYeT dv ev)du 

his is RaulelanJeana la o Madiaion 
Vali a SaallV-Ler lbrae ovelena 
wt appljcoble Small ovelevngth 

TRPATT 
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Planck'sad o adiahonn- 
InOt 1900 Max Planck propo.seda ne 

_empexical formula_as-

PCv) du 
exptbutT)- 

here a, and b_axe consants 
He pmoposed ha black badu chamber aas hlled 

ho onl ith Tadiation hut also oith moleculeg- 

pereck aas and dipola 0scillalaurs cmnlecular 
dimensions Conghituenta ina dhe blackhndy 

8TU 
Planck calculatea no o 0Scillahor per unit uolme c3 

So Tadiohon densin as 

Planck Calulaked mean enecau E_d he oscillahors 

Plantk aved up_ hpuhesis o Coninuoug emission 

Nadiation buoSC lators and_a8sumed. hat theu 

emited ene onla ohen he acquired Certain min.

ene e indeaal multiple oE it 
He calculahtd a3- 

= E 
ep E/KeT)- 

Energy densihy elaHon be comes. 

8T hS 
e)dd = exp[aleT)-1 

..SInca Eshu. hith aiveR a Ke- 
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Photoelectric eftech- 
Llaue paxticle duality of radiahion 

****** 

Phatelectric ePfect -
When a heam d electmmaqnetic Sadiation_f a 

paxticular rcquencu dalls_on a_metal surÉae, 
elect rons arcejecked. 

i) Photo electeic gmission Sis_possihe onla 
th liht ceriain minimun rtquency calle 

oeshald rquentu 
) Lineic enerau eoittedeincrtaseg_on 

inrtadn� he equenry 
but remain unafecked r icrsasina intensity o haht 

But,he clagiral ave heon liaht fails o 
eiploin hese ahove obsenuationg 
Classicalheo LOa3 Condram expeimental obseruah 

Plonck had pmpo.sedhe idea of ene. quanisahon 
but had considered ocadiatin be a ave 
Eienslein used plancksidea sene quanhsahon 
io eplain_above mentioned obseruarions 

tinsteinpposedhat ele cftomaanehc adiahon 
Could be_considered have pmpexhea 
both aues _and particles 

He called particles light ag photons. 
Eath photon oliaht ha_ene. cqua o hy 
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No hen light photon o parhicular requenty 
an elect mn n metal ittransers eneya v 

he electeon.Theeusea his quantuma 
ercome enera )hoat binds id in metal and to 
increase is oudn kinetic eneray n) 

hu = t mu 
8.6 

hit 

.e 

Ihu W no photseleckeic efetobserved. 

As requency Ke oelecdmon 
Increase in InBensins doe9 not mean n E As 

in intensin, t ho. phtorans dhi th 1 n0. afes 

and not the ietic enea 

Eleckeomaanetic cadiation hen supposed 
ual chara cker particle and daue 

Einstein's elahuinthe ots 
Plancks ea 

dade theotu liaht 

E = mc2 

E = hu 

VA C 

h h 
mc 

his equahon corelales dhe oo pop.erhe a 
photoi.e paricle andDave 

a3 A, he avelenadh is a pDpery. 
and p momentum s aparkicle pmpera 



Ne have 
hd w mu 

e. ofe ejectod e Cmu) 

ynhon The woek fanction (¢) da (uw)ishe min ene 

oequived lo ncmove e fkom sufas 
Can be qiven in -lervns hreahold Arequenc4 

The 

KE h 

sope-h 
inrtre 

hCahold 
equonr 

De Blie's hqpohesis 
ave- parhcle dualitu material parhtle. 

Louis de Bmalie, in 1924 propos ed that it was 

enera 2n possible eho explain quantisation af 
adom 

Like electeomaanehic. light electeans duo Rhbit 
he dua behauiou of particleR and dave 

h 

m 
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HeisenbeYas Uhrertainhy Priniple 

o explata the behadiour aelecteon Heisen hera- 
(1g27)have aiven a stakkrment 

Simultaneous and acaurak dekrminaion d 

posicionand momentum (velocin) cmicmScopic 
pAncle Such_ A3 efecte on i5 impossí hle 

he po.sition is deletmined accuralel dhe velocihy- 
Uncertain_and vice-versa belomes 

his_ancertainhu is due to inherent ncure (wave 

pATiledualih) Ahe parhtle 

A P h Mathematitallg 
Ax =d =A/5ine 

P p sine 
At A sint PStne 

Aa. Ak h 



Schu dinaer ore equajo- 

FoY Hamilhonian operaoY, 
We have eiger equahon a3- 

EY 

+V)= Ev 
2m 

2 

2 - V^V = ¬y 2 dx 

x +V - E 
2m 

EY Va 

2 CE-V) 

2 CE-Vx) y = o 2 

n. 8Tm 
CE-VA)Y = h2 

T 
oy2 

This 1 Schrodinger ave eauahon 



# OperatoYs 

Operabors arC ike the mathem ahica operation s8 

As nmahemahcal operahona (+ -x)need s umbers 
addithon, subtta ction , mulhpli caho) 

be operahd. 
Operahov needs anchon/ Operand 

Some peraprS andheir meanings -

Posihon C) Multipli cahon b 
Momentum ( ) ihd 

ioto = Aand 2 

Total mom entum (P) = Pa+Py P 

Cinehc ene ( 
mv2 -mv = mv2x 

2 
p 

2n 
h 

e 

2m 2 



Total Einehic ener E) 

-h2 d2 
da 2m m da 2 dz2 

Hamilonian operahor (H) 

Tohal ene r Ope raor = E + PE. 

V 
- d 4V 

d 2m 

Tota Hamilto nian opevaror. ( H 

H t Hy + z 

d2 
2m d2 

*Vz 2 dz2 

( ) 
A (+V) 



tCommutaho an Operator 

7Thoo operahors Commue ea ch other hen 

Hhey can be caleulae o 3imulta neou3 

Reprc3enBahon of Comnutahon -

A,83 
Commutator 

A A 

AB BA 

henA &B Commue eath ohev. 

AB- A =o 

Ex. O. ind the Commuaror of 

)- ( 

d do 

do 

- d 

Ummuratad 



Ex.find Ahe Commutaovr o dx 

Avs d d 

dx 
. 

A 2 

- da 

2x) 

(2) 

Commutator 
da 



tNovmali saho 

Tan dave unthon sahshes follouwina an 

Cond hon hen i is ralled as 

novmali5ed ove fun cho 

olume elemernt 

f = e m d 

hen y e 

f y ea2 

hen y* = Y = e 

(Chanqe CaSe joto onl 

Volume element 

dt Poxhle in oa box D 

Ond 

SHo dx d.dz 

21 

aideoBor d 



ttiqen Value nd Eqe) funchjon- 

Opevakor (Funchon) costant Cfunchion) 

=a y Egen euah on 

tig operahor Eigen value 
Cien unthion 

ue Find he eiqen values 

DOperahor - d2 t 2 +s 
Anso+ 2x t3 hn con - e* 

Ang AVE au 

( e 3. 
dx dr 

x 2. X 3e 

T 

. 2.e"". x + 3e 

2 0 5)e 

aQ value A 2t3 



d Paride in a -D Box 

farhde is a fte paricle 

tOAox hat meang The rc i6 Mo othen 

paride ingide he box. 

unita. 
Tha meang 

- Therc o se no 

any force on that frte parhel 

(Walls) dv 

V VE 
No polen tial also irSide 

in box 

Ourside he box herc wil 

alls mean& 
be paYhclagn envimnmen 

parh de eannor g0 

outside he box. 

Henca V=a 

Wave unchon a parhele -

= sini ) 

orhcle Dill be prcsent in 8l dehe ox 

o CheeE - Dheahen parhcle js Pre3en} on alk cz nof 

Bounda 

sin(nT) 
Pahce does lo 

exi sk 

o 
Parh ee does nor eiot on D alls. 



Y D Buy Re member 

Y)= 2. sin ( 

(n,2,3, 4,. 0o) E 
mags d 

parhcle. 

Wave unchion ploto -D Box 
sn(X 

aound SBat (n=4) 

in T 

or , to be moxiwum, ems sin must be max. 
Morx. value osin nchon is 

sin =()y sin 

sn sih 

= 

/nodeO 



# ansiion Dipule Mom.en ntegral- 

ransi ion po bability =- 
ppbaility partitular specdosopit £ansibon. o 
date pla.ce 

depends on = 

)Natuc o iniial&Anal stade 2avefunchuns 
i) Hous St£onalu phatons indtract idith _an elaenstat 

Selection mulea arc utilized to dehermine ihether_a 
dEansihion is allaped no 

Elecdeonic seecion ules 
i) Uibrationalselettion mleg 

i) Rotadional selection uleg 

ansition Moment- 
I amm elec maanetc uOave Can indute 

o.scillatina elerkic OT_maanete oomend 
TAhe re inoluted eleckeic oE maqn ebc momet 
S Same He ene. diRence betAe! one 
ejgenstate and aMutheN 
he ineYA cio betuseon An _otom a_molecaale and 
he elechcomaanenic ield_ is aeunant. 
Smean2 hege choo naveSame 2 
Jhe ODp)itude his momen s called the 
Aransition ymy ment 

Transinon dipole mament eangition mument \MaL 
ransition prmbabilt4 ClM2) 

donpunmm 



DATE 

Mathemati tall 
Ma Y d 

6 hedipole momert 0peyato 
Syshem haven muleculea and eath haacharae da 

G t 
position vechor oper atur. 

ansiion moment indeqral 
orn ppenheime appm ximation=- 

The as electeonic motib can be Separated am 
much Sloudey ste motion uclei 

hexthire 
The otal waveanchion can be Separaked indo 

eleckzonic vihrational and wtahonal paiks= 

Sinie mags oelectmns is murh_SmalleY han 
nuclear mass dhe mtahionoa avefunction 

only depends on nuclear Co-otdinates 
im mtational part moUed Eansinon_momen 

inteara canhe exene &s coas= 



TE' 

Bh dhenutlear andelect Tonicparts 

Contribute o the dipole_moment 

eabove e can he inkqratedhyo 
Oith Un ondMe aBp 

iApoduch chðo intcqmal is obtained

M-,) A V (TR)dr )(e), (e)dR +e) , 

Because diferen electronic avehin chons mush 
be orho apna) Ao each _oher 
Hente 

cond pat inkeqral should be 2em 

ansion moment indeasal Can be simplihed a 

M (T,R) M Cee )dr re) d 

Above equohion is a graimporcance 'cauSe 
hrst inhearal deines electronic Selechon mles 

whilehe second indeqa) idhe 
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#Rohabonal Selechion Puleg- 

O ransitions ith AT = t| are allowed. 

Photons do not haveans mass bur_Aheu4 have 

anau lar momentum 
he Con.seruahion oan�ular momentun is fundooental 

Cmkria for speoftem acopic tansitions 
The mahional selechian mulea elies_on dhe att that 
phounhas one_unik quantized anaular momentum 
Durin� dhe phohn emission and abscphion pmiess 
anaular movnent J cannot change bu moe thanunt 

R Braneh 
P BYanch 

AS = +1 
AT =-I 

=o avnsitions axe alloned hen so0 difeYCnt 
electeoni.c dibrahonal States are inuolved 

=m)_ (y' =m)_ 
ATco F_Q8Tanch. 

branh Eansinion udil onl4 dake_plare ohnhere is_ 
ne_orbita_anaular Mometun in one he 

electonic States 
6 bTanth_dvea_not eist r 'zez s electoonicaans- 

Cause E electanic Shake doesn't posseg nek asbita 

DMaula momenum. 

branch ill exist if one of dhe eleckrnuic states_ 
hag anqular mumentun. 

AK = o hYpoladmic ymuleuule 
pith Spmmeeic top 

qeomee

6elechon ule. 



#Elettewnic Selecthion Pules 

OTnAhoms 
Aons axe des.cnbed by 

-pmimany quonhavn humber 
gnaulay mumenhumQuanum nUmber 
Spin quamm number 

dota_avaulaY momentum auOndUM_umber 
Based on Russéll- Saunders Appmx. Couplin 
Ahmic derm mbol s+T 

The mtal Spin_tannot change. (As =o) 
2ChanAE in otal orbital_angular mumenTum can b 

AL=o 
But L=0 LEo Eansiion s not alloed 

AT0, But J=o Jo is nut allnwe 
4Iniial and ánal avehnciuns _muSE_chanae in 2hL 

even 0ddeangiions_aTe_ alloed. 

n Mole cules=- 
Ele creonis -stake conhauxahong for moleules_ore deg nhed b 

Npnman auantn no. 
A-_anaulay mMomenturm_quantum no 
S-Spin quorum no 

QYm sym bol- 
25t1Ct/-) 

1 AS=0. 
raule AaE=0 hold s oy multiplets 



DATE 

R AA O,31 
emdse 

r heleonudeaY diatomic molecule thCo mmeA 
E eT tansifion is_allowed 

3. hor hemo nuclea mole coules- 
uEansiov s alooed. 

hor hekem nucleo molee uleg 
t t and -_Eangitioug appl 

VibTational Selechon Rules 

AU= t2 arealloded.Y anhamanic potemhel
But intensits peaks beco me deaker a Av 1. 

2 V=O V= indamentalihrahtn 
Otheys are overto1es 

3 AVEO deansiton s alloed het loucerupper 
electeonic shates Dith oneray Eand fainosluedL 

Vibtaiona selechion ulea dees Mot exist sr diatomic m 
frank-Condon indearal isalsass hall smn etzic 
rdiadonmic molecule.s 

r poluahomic Non-lineaY 3N- 6 vibrahona_modes. 
linear 3N-5 vibrabional modeg 

Baged on harmonic0scillahor madelhe pmduch a 
aN-G noTmal mode oauefuntiong Condei bube ca datal 
yibTationa oavefun chion:e nineo 

gN-6 



Anular mometum 

Anqular momenhtm = position movm entu m 

L 
linear wu 

momewfum 

Cnss prmduck (vectors) 

Cmss poduct 

zÈ) x ( n2 k) 

= i(y- nz) -j ( «l- zm)+ k (an- um 

No No, 2t 

xP 

y-)i - (a-2ej + («R- A) 

Toa angular momenhum 
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