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I Moleculay Structure &

4. Qualitattve description
A wolecule consists o—f hoo or move oloms, The mteracteng

Omotg  atoms b S’i‘rmﬁ chemipal boand , ot keep Fhece
atomg wﬁeﬂi% 24 me boly — a mo lecule.,

The d\em{ca,o bvound mainlf «fp{meo/ b)/ Hhe ater—
Getions among  outer electons,  Core electons wivh the
shell of each atem sually do not comtribute o the
molecwlar chem\‘mp bound . Afkr formeg A molecule,
he oufer electron otales undergo huge Chatge , ot
Camne Very deffeceat energy levels o~ spectm

Above MScriptions can be Seen fFom Spectroscepy .
(1) As we mentioned befere , (f coe (inner) electrons of

on atem hade transitien, 3 Y——fa/y p/xo'/’ons w7/

be pwducesd. Simclarx -l’ﬁ/m; T Frue wWith moleculay

[nneY elechrans . On SF@(NDSCO]QL// ‘H\ere r's a]mazf

no J?fﬁ%rem befedeen afemic X —rev/ ad moleccela

era/&/, Which means that innev~ elechrons  de not=
hove much Sate d\M@e even t‘]ﬁ afomg are em
bowded to each otier 1o -(‘er\ a wmolecucle.

(2 Rt 8 nomad  Molecrdar Sfedfz\ ( caused I>7/ outey
elecrions ) Wf m  cfomi
COMP,e-I'e(y % < Sre e,

which means —the dvamatic c'r\unge OP owter elect
Shfzs when @oms YoM o wo focde |



Trcide a mo(ecw’e, {‘llere Qase S@ven:j c@e‘ffemvvt' Mo'h‘ong @
These mottenS, jn principle, ape not independent; byt affect ea‘clq
other, However, the frepuency of each motion is so
off—fferevvf f/w\ One moﬂw, It is Preu'Se‘ e,nouah n mos7t—
Cares o Consder these mofibns SQPWQ%Z

~The three man motens are

(D owtex ;t%’rrarv& —_ ~chm$3 chemicad bowad

® viboctten orvund o bedownce ot
@ Dhole molecwle votodte s oo~ oes

Motion } Taasitton Frogins | Enecgy ) | Spectr
i S| UV or Visible [-2 electaic —
E’ed‘ﬂ’ﬂ o ° Qrecv"ﬁ
Meleculer neax infaved | %5~ |fetahn-vibratien
L on . Spec "TZ‘\
Molwio»{ .?wf i\“’ﬁnf&l ~if 005 Sfe
Yotafion | @sd micwade (0 —0o rotatton Specip

: In a first approximation, the energy of a molecule can be
-~ represented as the sum of three parts—the electronic, the vibra-
¢ tional, and the rotational energy:

E=E3+Eu+Er- (1)
. In Fig. 10 the vibrational and rotational levels in two electronic

© states are represented schematically. -

. Fig. 10. Vibrational and
¥ rotational levels of two elec-
: tronic states A and B of a .
molecule (schematic).
: The three double arrows

P£ indicate examples of transi-
tions in the pure rotation
spectrum, the rotation-vi-
bration spectrum, and the
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A complete descripfion 0]& Aany molecwlar stale eowd invelve 2

puwber of different degrees of freedom  each with /ts oan
goordinates. Ferst, there is trarslation of the molecule as A
Whole ; then -the cowLP[ex moTien Of Hhe owter electrons with
regf;ec‘f to the vnucled; then yhmtom and rotafon of the
nucled with neSFed' 42 each other; F};z/@ , electron oA yucleay

SFI\/). The W(g-y ef;al/a/ue efkaj?\ﬁ'ﬂ /,‘.e., -ﬁ}r;e-/‘ﬂdepfna';,d
Qchrpdeger e%wﬁm) Oon be used to exprecs this .

A7 A 255;4;17,5 + VT, RO IW=E¥
IMe < k D

Ullefe, _ F.z ZV’:Z s electton I((‘ne‘ﬁZ energy OPefhj?T'
’ 2Me 1 . )
e (Me - electon mass ;¢ —Summy over Se/verqﬂgled%)
2
"X—LV: rs mudeaxr kinett ey operxteT

K oMk
( M — Puclear mass: K — gumm«b ot Several nucled )

V(To, R ) — total potearnl encqy epertte”, which
Afea&ps on the coovdinatel of 2l of the electrons
(T;) od nudei [Er;)
Comman meThod 10 @M/fza ﬁefe motens (S o divide
Yot mottons o two parts () the Telatively Stow motise
ﬁ-}&z nuclei add (2) the much sty Motien "7£ i elechrong
Qvoud nuder. The physical bass of theo J@stﬁ;,,
Stemy, ﬁam the —faﬁr Hat electron mass yg much smalleq~
than That of Ay Nuclews [Mk/mc > (&vo ).
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“Th's is catled * Born - Oppenheimey Approximaties ’
To’f’a[ W ﬁ»\ch‘w\ (/ can be elCPﬂ?SSet{ a0 o [reduct 970
Qn electronic woue -(—?,an(—rm % C F:./ -, ;@;,) and @ nuclear
fene function L/,u ( -, @, <) s
Y = th (T3 Re> Gy (R =)

%ﬂ is essenﬁaﬂ# /h([@f-%w Of electrzm coofdl‘na:f‘eg E}
s déﬂf)eq/é@wf on 7: o /\?‘; gu'r&lﬂ?S'Z&ﬂ/& 7&

bt e
A deymg ol neg/ecf ncnoy ferms, E;.H) can be deconposed
) N
B St S (B ) b =o (>>
1
2 2 —_
and {%ﬁzvk by + 2= (E-Ee-Vi) &= (¥

Wm) Ee IS ‘/{-ﬂ energy egen vaiue @f%g electr=» g)/ﬁﬁmz
[K‘ Ve +ly +—assumpton, (%)

& The solution of E}' (3) ore }“ﬁf Complex even for The Simplest
molecules. [n g%mfpl the solutions lead /8 molecwlax™
DYbfhﬂs that reSult in @ Sevies 6]0 ekctenic states,

S w1, 4, B (just a0 with ators S, P DF)
Iohich &re cha,mofzrfzed b\/ ‘the gm«t,‘zq,ﬁ‘e,,, of the electon's
ar\ﬁbda/r momentum and the S}’”””"/”y propertieg a]a Hhe
feted. [De-fm/ed ﬂna/;/srs an be .7%“5/ 7 A Geres
of books by h‘efzbex? :

( < Moleewlar SFec-f'm & MO/CCH,[@Y Structece >
/ \Jolume T . gpedm O]C Drafomie Molecules
Volume T ) ’V\'ffared ongd Kaman gFedTa o]C PD/yQ/mc Molecules

Volume . Elechonic Sredf&k and Electonic S‘fmdure of/?Z:‘ZWE )
orecites,
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If all “the degrees of ‘Preedam ore independent -me one W;*Km;

“the fotad erergy of +he molecule con be eK/DfeQSed as a Simple
Sum  of the ,—,,c[w.‘duaﬁ contributions rom each of e Freedom degrez,

E{rofaﬁ = E{-mns 'f’EeIec#amt +Eub Elzi- 'f‘Es/cv})_ (é)

——/—é,\s ,7,“7% eaoln +erm (n f‘A,z }—/mn,‘/f'am‘xn zﬁ/lem/vr‘ cvrrafpanj?’
4o each mode commute So Hat

llpfmf’ = %ﬂm (/ezeam.t %fb %W Fopm (?).

This is not exactly frue b feali’d,  but veny close, for

most  caseS, we do not cave Etmes (Honslation encrgy)
o ES/"‘" , but ar more Concerned abaut- +the Yest three
‘l:eTn\g/ ‘. €, E = E@}empc + Eve, + Eraf'_ & )
Ee/ed:mm‘c is determi-ed 67 E;.(;)/ ot /nﬂ/‘ﬂ/y determired
b}/ the electzn motiong abewt™ nucler. The electenic
Slates usw/@ hade [amge energy wparatén e.j. £~
meost molecules, the Tronsfien ]Q?ﬁ'w“;/ botueen the @npued
electonic stole at the ﬁjfff excited electonic State is pver
dev wﬂéﬁf"ﬂ'@i} to short UV wadelensth |

EV{‘ID o~/ Efaf a,re, detemined EY 52'[(/)/ ad ”V“‘”? Wm,hd
(97/ —,L@ Ywottens e{') Y)udeﬁ, F(;r a d/ atomic ﬁw/ecu/e)
‘ _ ’ )
%\J T R %“s{m %«pt( €, %) (7)

wher R IS inter— nuclear Separahien
Q, cﬁ are angula/r coordinates .




From [»Z (4), e heve @
ot {R (-»M—‘*;’—‘—)} %’ [,,p 58

{ B RZ SR |
2 [/r’t] + ,h.z[Ey—VfE)j.__————%fd =0

szé’ &4}3 |
where /Lé Tﬂﬂl—%ﬁ/ -Hw reiucad mass @f' -H«Lnudee‘) (,D)
N =

Ep =E — E clectrone. |

famal cmprst o 2k | e
to 55 :7
Hfo‘t H [g,,,,g >0 /S’”ﬂap) e oF

30 we have: Hm %,t = EJ[/M, (=)
Lohere Ej iS -the rv%nﬁmwﬂ eigen enelgy .
2
E; e JCT+)Y ()

HeTE, J:\S ~+the Y‘o‘f’a)h\énn/o g%ﬂ"/"""”" Y)Wnb@f'/
j‘;o) I) 2/ ST, +oe .

’T‘\e\m‘fo(e, E; (°) Can be Yéu)f/%" a9
._-[-éi“[' QZ(AALT .57" {E,u E;T V(E)-} MVA:] =D (1
4

o R*
> oH
= - — + Eviw — V1Y, =0
ezz .h?_ [- v %6
—/_/"\3 'S Q& me’dl\mfmap DSa‘{[afor =3 \Uhrafrow motfien
EVI‘E = EN' - EQ‘_

'Tkeryfmg, o dintomic molecular &’ahr&%er D;uaj?‘am can be
C 5}7/:‘1" info fwo  one for the votattmad mode , the UMer][é/vfbmﬁen‘
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Fig. 34. Harmonic approximation to a diatomic molecular potential curve V(R).
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Fig. 3.7. (a) Rotational energy-level struc-
ture of a rigid diatomic molecule. (b)
Schematic of the corresponding rotational
spectrum.

Of course ‘t)le molecule s not Tigw,
od wit! v;‘bm?ﬁE Aarpund 1< eiuthf/M
= f)ofn'r. Then +he rofation rs aﬁédm’

J;E ) by the vibreken . Thg leads ug fo
.:*é -the V(bftd% yotator Wedel
= 2 der
':h“:.i ) —This V/‘bmﬁ‘p; Yotator conld be under
5% j‘f&&a’ oo ’L"AL rv‘/ui?‘m_s at each

Uibratien eigen skhile / each Vibratin
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2 Moleculer Specm. ®
/\%q) We consder the radiative tromsiFEng with molecules

2 molecule fodintively decags frm pa wpper Crergy pepen-
Sale B a lower enengy e?enm :

bV T"> — 12aV'T'>
0, b — electrenic states -Fuv Jower &
v~ vibatinal ek e e s
T, 3" — rofational Juastem rnunbess
Correspendy the three linds of energy, wWe hae three kindc ot

S}oech" 2
(r) retodien Spectia, g which tyansitens trke place

Gom the Totuhionad levels of a Aren Ubrationat
level in a Given electronic staly Vo othey WM
loveld of e same Vibtatonal ad electronc shle.
(b) Yirftion ~ vibratien gipu_ﬂ,q/ i which trangtions 7ake
place fom the otatimal levels of a given vibratnel
leve) B5 the yotattmal [eveds of uother T4
leved of the same electionic state ke
©) e,/lechvm‘c Spectia / th which Tranctieng -
rotational levels of the warions vibratenat & oele
e“) one electronic stz B# the Y‘O'hzz‘?“@ﬂﬂ.ﬂ oed
Vfbmﬁengj zz\?eﬂs QTQ another olectenic Stele ‘
In adof:‘ﬁbn/ Y\ML‘O’—F%‘ ot pricveusate §fec+fzc have beeg
observed betwern certain Fime—shychue fevels ot

R given yotatteal o~ Vibratienal fevel o & Given
Qlesrrente stulz . (clue‘h < lectron Sph oy muclear Spin)
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A A
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We ntglect +he &

M calealaton , bet 01/)’ give Yesulis
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argu’&f monmentuum

() Electronic Spectra

AN =0, %
AS =0
PMH‘A‘;[ chanag

Selection Rules -

&pnnm numbey
Electvan
S, Spin
;W‘fﬂm
nwmber

\

» R

Internuclear Separation

The Frang'tten [nec are &’H‘may
-@r AV = V//___ /'———D
/

Mk While Ay==2) ave Weak.

—his is called tIFrxnck _ Condon" principle . Muclear motren
L %1088 Can be T2 oo “fozen” on the tine Scale of
electronic Transihons ( < /0“’%). As a con&%uwce, TS Frong
between  electronic.  stated of a molecwle Can pe repreceated by
Veextieal ltves on +Hee Pof?ewﬁz:«,é —energy dﬁafm/m ]

Eoch electonic  Stete cmegfmdé to one FD*”M ereipy

Qugwe . Ss abode dtaaﬂm WMeans  op au‘ffem.f

e/edrm/“c 57‘&7‘84.
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Yor &ﬁcferan"" electronic sh%es, the egW‘/"b”“M‘ Separvatiers betuecn

4two nuder are different .
Qo( is for the glectrenic grvu») Hale

o s for +he electron ?Cajéf/ oxeted otz )
Ro“ > Rv’
‘{ o MD\QCM,IC fnet resfdes m ‘Hle 7}'/=0 V[Lra/‘hbnﬁ/é Sﬁzfﬁ‘

Q'f the Gread electonic statz ) the most probable Franstien

s im0 To U W hiph ?AM?‘ZM nwmber (=2

in this diagmm) thet is Just above R’ With the same
nfer— nuelear gepamﬁm. Thewefore, the Pmba})l-//’f#

of | & V/=0> = | b, r'=2> is sterpest ——bsorption

The molecnle then velaxes 4o U= o State With rater-

nclear seprat®n of B pho if frnsien pcedrs,
’tlUZ mplecu/c N”/ dem# '/D W/____,_% S-fuiz ﬂ)/\fé fA’e

Came infer-muclear  Separah®n

lb, gll=0> = 1 a, 7)~I=5>.i§ '57‘!7»7‘247‘:

Note . each  Such frans 11871 Comreipanso & a
g77emaﬂ band, Jue To multiple rotational  states,
Tﬁe(é‘fofe. , -{:/w. most /D)’Ob@b le +transifien  Fives the

ntenscty Ak fun Hee 5/0ecfra,ﬂ baand,
The mapimwn of Fhe emission Spectin 15 redsé\‘ﬂu/
Yelatve To Hie maximum in the absorptien Spectrz,
— This SF“"?‘/ Shift fs Called Stokes Skift

¥ Tﬁese eledren, Wff’f‘fw are A« Q/lof‘f v f"d,nﬁe
/

not UQX"Q much Wmterest 'tD [lHQ,\(‘ "ﬁ‘DM g(bu,ruﬁ
bt cowd be wsefuld 4o [‘dax frem 9]74@)
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&y Vi brectien gpec Hex
These are Hunstons betwenn oQﬁﬁ(am,m)b VfbrW
[e,\}tz,bs @ithin the Soame eleconic g’que__

—he Selecten Yules are
AV = %[

’In a he’hewrmctewr d(*a:l'omfc_ yv\olecwlem/ [e.dq_/ p/./>
the molecule possecses a depale moment”, therefore,

Can emt or absorb photeas whea it tiadergoeg

Q Aot from  one \/[bmﬁbnaﬁ stite 15 another”
~These rans/7>ns ore usbw/%/ " fhe ;‘nﬁaré&" racge,

So it 7s called TR absoptdn [owissien

Tn a home nuclear molecule (3., Lz, Na) Ha, - 0y
thete S no dipole moment af any value of jnter-
puclear Se/Dmnh‘en/ at &ﬂl??tumf’?, Such molecufeg
neithey absorb nor em't ,Wrgc] md(*qu\aﬂ/ g//v%pu(?/,
t/)ey can be Vt‘bmﬁbf% excited or deexcifedd f’/lrhg_/)

CO//I'KI?Z)S .

L The “majon-,;,/ bf- Oux aﬁnﬁyﬁ@re Oy o AJs
Ca

nnet™ gbsorb of” emdt infrared emeSsion
—
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/ e
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Fig.39. Energy-level structure and rotational spectrum for a rigid rotator.
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