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Tws He ™ 80 #bprox dlows w b Jec,ou]ble e cechric and
wudheay WMUFV\P\O(—\\U'V\S/ and,
B We first Slve  Hhe elechrme scL\y'vo(A‘Vger eqwzho-n, and  then use
Pis  cmplete  bass  set o wrike the nundenr Wavefunchon amd
f\‘nal(j use the difference ¥ in  Hhe nudear and eedvmic mahon
| Hmeseldas T vehlace the  poenhah  funche I the  original
" eqwh'm by an  equivalet Fabu«h‘w(' enerqy fanch’on. based  on Ang
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ROTATIONAL  MOT(ON

The equation
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s a Varidble- sepayable eélwokan for the equivalent reduced mass
since  E(R) acks like a celthed poterbal  acting on u refevred.
o He CoM.
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| where T are inkegers and te angular wawefunchons are  sphencad
' M’YVLOM\C—S'; T= RZ the wmoment of lherbia. about an  axis
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Lt the internudear line Segmend  passing ﬁ\h‘ﬁt\ the  GoM.
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The wtakional enemy levels ave usually written ac
E.= B J(JH) : where B= h/8mel in  unts of em

Transihione  lohween tewel T & 7' ave allowed i (I p 13D e

| the Aifaq*(e wmatrix  eleament & non- zero. 7

These are  non-zers  IFE AT= JLT = 11 and  AM= M-M = 0,11
and F has 4o be  mem-zere

Rowenudear Mebmues  have o (pure) vdahimal sPeah’um.



VIBRATIONAL  MOTION (IN BoUND STATES )

The moecuar pretal energy fumdion Eu(R) can be expanded
avourd  the mean ( equl brinm posthon. -

ERY = B (R) + L (RR)® ZER) 4 ...
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and  evergy levels £, (Ro) + (n+l ) ha, = E, te milecdar energy.
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To maKe an estimate of the \Abvetional energy o, e note Huk
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BETTER APPROXIMATION T0 E,(R)

The harmonic  approximation 1 E,(R) (s rathey dractic. Even Hf we
nclude o few L\A:gl«er order termg ‘e a.PProxih—w*\'Oh t» the adual EA(R)
S Seen B be qw‘ce poor- MDV&OVeY/ a SHO has o l_ewlsl rehich CO)’\'tY‘qd}fd‘ .

PM Morse ( ) proposed an emFiricWL potential

ECMER) = B [ 4- exp (~a(ReRe)*)]*

Wl’\eYe, a = d__/‘-{___ 1k
2E@J
| and EO ic the Digcomidhon energy ('De('r\ previous 76’30%
.TMS Po‘teV\JCl'fL gives vibrational eneryy ales of the frwm = 4 (RD 1,
B e o (70h) — wre (el vhery 27 W)

WeXe = ﬁaz/z;:(u/u,
. TRANSITIONS  ReTWeEBN  VIRRATIONAL  LEVELS noclear
Lebt  S(R) be the vibrabonal pat of the . Wa:vefumi’fm. Then. the
, (approxiw\ate) ee'je.nc’axkes' the SHO wavefunction will be denumernted
by the  vtbrafonal  quadtum umber Vo and the energy  levels
Wil be y
2 2.
s ni (\H,Z\)'hq) vd.ere[ I 2°E.(®) ]
. R=Rs

w= LA TOrRT

As o hybrid model We wiay ke  EMR) instend of EL(R) . Tn thal
case  DE™MF/R =0 ok ReRe and PEMHYOR af R-Re (s 2a7E®
Transittion  occur  between stakes gt  have  non-zero mhblfhj -H-\ank the
dipole  oterstor | e Whe n (v ] FlU> =0 -4

For  homonuclear Medrmnics F =0 $o bure vtbrahonad  Hoansihons  canngt
stcwry  in Such  molecules

Tn  other molecdles F s a fandhon of R, and we may wnte

| p(R) = P (R) + _;g (R-Re)

|

- Thom, L fplvy = i [m Sy =8,
| 2/4.‘0 ) ) )
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COVPLING ©OF ROT 2 VIR MoTioN

We tmk  E(R) = T(30) sy nldnad mebion
Lbrrt'rg A ouns{:nhf) 21 where T= R /L*-‘Eoz

and. BR) =  (n+l ) o, for vibadbmal motion,
(Wrring o cmibiit) 2 whew w?=1[9%. /58],

however these o mobon  are et strictly independent.  In  the simplest
a{gum%k a‘ja&'nsb 'lmlerer\ol&hw, Hhe afPrp_xl:m.aJh::rrv I= /Q,’sz should  be
TB*)[ACSA b:j I-= /LLRZ whore R (s new given bJ Ye instantmneons

Vadue on‘i'rv b vibrehonsd mobien.

Thug,  we  shauld  take
| e(R) = E_(R) =+ (mzl)*ru:oa e L T RF

1 R B

energy vibrohimal centrifusel  dishrtion.
CENTRIFUZAL DS TORTION
2 RN 3
Pty = = pw’R = T/pR, J/MR
ch Fh&'(mom'c = . /u'wl (2525)
i %E:—J‘Fcﬂﬂt Agz
Evot, with cent. At = | poo® (R-R)™ 4+ T
2 2;“22
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Z
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ELECTRONIC .WAVEFUNCTION oF THE \-_f; MOLECULAR (ON

‘ We concider %ctwv metheds to  obbun  the wavefuncdion

(V) An QPP)@X(W@ metlwd  Vased oy _L_fhear _Qomlot‘nojﬂ'm\( of
Arnve  Orbilals o LCAO method | Which can be generakied
to  other molecdeg
|

| 2) A Sseml - exack mebhed ih\m\ﬁ’:’j Separzhin  of Vewtables that (s
specfic H2+‘
|

The LCAO wethad L%(M with  the a.SSump‘hb\, that the elechm. can be
in  etther of the separpted d¥oms (lons) ; 8 So that wher, Hne
a.f?o'mf ((M) are Ovmlofr\ed) 'Hmz net W?WC-ﬁ,lhd"?Jk w%(( be a ((hewmr
combination of dhe +up abviz  warefunchons Since the 4wd hucled
are  doheal, Bs means Hat the molecdar orbilal has b
“orm with the re,qu,imo( S‘jmmd')"j

@(R)= \/_l_ (&(YA) + ‘t’(rb)) where :{:(Y) (s &L\dﬁ(Yb’g@M‘c
2

grnd-sale warefin chiom |
ok (s thee ave Awo possible  stokes E =
[ B
| L 52 %) |
(R0 = L [ &)+ bleg)] SEE
vz - o
3. (R, p) = | [dﬁ(n\l g cb&r(rg)] | E\= r-Rfz |
vz . T= T4R/2 !

| The Cﬁj dote (. gymwmetne  under vefledion 'Hm'avaL He oM
ang. Yo ciéu Stade (s ah,ﬁ{tjmw\el'\'fc wnder the Do O'Perzd'\'m\.

Sihce P0n) and &(vg) are bt 1s Shal-cs/ the pmje&‘m of
the a”:ﬂ"‘b“ Momertine o Y £ &Xis s zero Co é\c! %ot éu_

Yefkesed' the OB and 07 Melecdar termg.

The eregy  ehenalne of these wmolecdar wawfunchiong IS given by
E = J FHa § 4T Where
(& At - Wy = ~ly2- | | |
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2 s S
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The mtme;al'vr s ewﬁag )
(& h, ddt - 1 J b0 fy 400 4T, 4 1] bln) Hy & () AT,

j%j b, (ra) qua(rbug,ﬁz [ 6r,) Ay dCry T,
- fem G endT, £ (60w fy 60 4T,
= Haw '

NoTE
E, + I (1+R) e2R §dr, = Sdt, = §dT.
Slnce _R. is fixed.

Haa
3 -
Has = (Eo+ J__] s{(R) — (HR)e

R

\
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whee  S(R) = § () bln) AT —  called Yo overlip Inbeprad .

—

TL.L dewo manator 45—
Lo (lem® « (em)l* £ 240y &m) ] dt
2

oy 1% S(R)
Hence k
Egy = Eo =+ 1 _(*R) 2P L (1-2R%/3) e a
5’ t R 1+ (1x R+R%z) o R
(= -0-5)

The  fuchon,  E,Eo has 4 mimiunk (<0) for R=25
Tk@ -f-zmohm E’M' EO has ne MANi and IS alWJ_S +ve
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o For homonuclear didowlec molecwles  ancther %mmd’g srices. due
o the presemce of a cenbre of %mmaﬁg\ (wdwdh cotnatkes Wit
te centre of mass)
BD'H'»/ ‘wa [’MMUCUT\/JMV l-,{\& amd E_ ave (nvaviant under a Y‘é\clec)!'lbn,
of  coorddnakes | abont Hhnc Po(hi- Tl'wkl' (s, Y - V‘ H and. L
Yemain unaldered. of Hne, same I\
o UWder the sume tramshrmobion two warefundions & L ey either
fip or net flp elr Stsn Frooveront Wl
Wavefunchions that 'H’“P Sign , are cedled w/\ﬁerao(& Stake_s while
e ones thak do nek, fepresent germde Statec. (w end g sbtes)
' dechonic
o Thus, the AS*:od?e of moleade s in addbien o its  energy } class@ed
en the lbasts  of N, and Heelr ParHy. For the case A=0,
another Symmetry  comes i the T sgn under reflechion

o Thwe 2 Skabec  can be Z; Z:. Z;’ Z;L

while 1T omd A stadeg  can  be TTj or T, and A@ ar Ao(

e Tn addifon o this an  dechon sate is classified by the Spin rv\u({n‘?h‘a"fy
for  spm Bl spin S the ““‘“H"P\"“"’J ic  28+1. This  number Us
shown  as o pre—swherserpt | eg o Stote with  5=1 , N=1 and of
even Pan‘«\j wil be shwwwn as «a 311 9 ctate. )

o BAYYLVB = a few ez(ce,b‘hong o te -Fouuw( that ‘Uuz erup\,,( cake of

1 .
hwlecuies is usua{(j a Zﬂ Sl:ﬂfe/ and -for frwmom/\dear A,wf'mmc_g
fete B A5
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SYMMETRIES oF A MolLECULE

A Ldonmis molecde has an  axie of cﬁh‘nir{cﬂt _gyvmne/hy, the
nternuclear axis  and W Bus axis (¢ tmken ac the z-ax(s, the
¢ ﬁz oberotor  compntes with  the RamiHoruon,  (azimudbal {ymh\eby)
(Tn the Yody ~Fixed covrdinakes) . slechme.
« However L, L3 L2 oo net compube  with  Hy — the  Hawltoun,.
T b weriant under take,  abodk Hus  axte.
HW, Be eectoyy eXgenfunchions &, are chrultaneons ejgep\;ﬁx\/u«c)"llmg
of E2 and ae/ ’ A
| e, = A& A= o12--.
LA .. shokes
o The elechtmic Hamilbonian (s invaviamt  under reflection In a Hare
COM‘M@ the  Z-axic (eﬂ Xz or Yz p(me,) . I the Xz plome
reflechen, i»*h‘e; Y= -y and refl. in Hyp YZ plomg. |'m(p((e5 2 — —x

If te veflecho. aPe/ﬁJW ¢ 3\} then the above implies [K,ﬁe]w
and.  the reflecHo. of;emi-z;r {1«?5 He Sign ot Lz; So ALZ'—- —{5

shis bplies | Bt § AD > 8 hee B and B differ oy
in  the S\:gy\{ of the agmvdue of L, for Hu's et\qey\,Fw\d‘lon
[as long as A=+ 0]

® Tl/w\_g AN#0 ghabes are ic‘hfo(d Je@ewpgffe,, Stakes with £ A have bt
same eh@@:ﬁ

ched A

°oTF A=o0 ) LWQW‘QVW/ ten the ¥ states Etr%wu:::re_F R , that
s 2 states have ho degeneracy , buk e Two vvefunchions e differemts.
¢ The Aifference between, the vawefunchon of the qngind amd. veflecked.

cases can only be n Yu frm of « consboud mulbplier, for I slakes

Since delde  veflechon ¢ a MW‘J‘}j (tderiby) qberaﬁmy’ Hus conskank
cam ) be 1 Pr all X ctates. We Hwg Jisﬁhgwj\ betwen, o
Kinds of D, States.

» Statee B whidh @ reflechin. (in a plane oow(%mﬂ the z-ax(s)
charges  Bu s are called I chates  Hise for vk dhe
Sy changes are called X7 slokes.




