2>

CA&PWWQV{br a"ﬁ‘ﬁﬁ@f S Fed’ﬁ?S C@{P\/

After- desercboy Yotaton A4S We move UP the enewgy scale.

"tl\e nex+ hn‘e,m,rch\/ a-F energt\) le\/efs @‘F i'he; molecule RS assoaézfeo’

With the \/ibm'hbﬂa.ﬂ Motion oF +the molecule.
Vib (tonad moton 1S & periedic, conceyted du‘s!o(acemem” of the

nuclei ( more aaumfe(#) the 0\"79)713) h a moleculel Which |eaves the
CenteY o-F mass unaltered in /abom'fwy space.. The motion » f the
moleculay” CenteY @'}0 mass is described ao +Hanslation .

’/_116 energy 2SS0 Ci'ated M:H\ V;bm’hbﬂﬂ/ motiom  contains 4w

patoms | the kmefiz energy Whieh aviges fom the

Aistinct distri
motion o the yucler onmd the Pofan‘h‘a.ﬂ eneryy Dhizh comeg —f/am

the compression of expansion sf- the bond (infemuclear dis tance) {om
13 @g/mlfbmbm value

Lonl = E wnete + Efomm[ (54)
Prs the muclei move back and forth, the enevgy (wheeh s
Ooﬂshn'r «Fof an igolated molecule) TS mngﬁwd between +He
kinetic ond Pm‘enmzﬁ —'F&YW)S_




g

A 33

§(o.1 The Harmonie Oscillatey”
umption gbout the fom of tle vibrantns
+hat each afem moves toward of Ma/\/
16"’”‘ the other in Simple heomonie. motion, (€, the c{t‘srlacemewi’" ﬁvm
the e,%u((;'bn‘wm position 1S A Sine functon of the time. Such a
motion off -the two atoms. can easily be reduced 4o the haymonic
Vibration of a single mass  fooint cboul” AN %QW'/"MKM position —
ﬂe modeﬁ mc the haymonic 0S¢ illater,

e “"'t*‘ﬂ?b Ta claSSI‘caj Mechancs , a /Immom‘c oscllator”
m VW@ M= (can be def?neo/ oh A Mass Pomt olﬁ Mags

fr}"e S’)‘M’P'@S{' P%Sfb/e oSS
‘n & diglomic molecule is

(
J
’é_—_ Y\'—-——’l | m wheh 1S OQcted wpen 57/ Q 72”“ F
\U/ P@Wﬁﬂ@p -+ the dtance. 9( -ﬁm e
¢ ]l e/%w[lbm&m Pacﬁ%n and divected toward
» { +the %uilfén‘wm positien
}\ — mmz = —K¥ = _9/_2_&’__
e =y emb F m-2X (55

Hew, Kk rs cakd fhe farte constanT .
‘T}\e solutton o %_(55) rS | |
= . Sio (Dus T + ) [ 56)
Wheve b is the vibrintional) -Freg»wna(«][ QiVen b\/
L = /K
Cvib /:‘;“ (5P

o 15 the MP[IWQ O'F the vebration and 501\& Qa Fhage conslont
01:2179“92:3 on -t-lwe nt ﬁ‘aﬂ Condtrong |
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Since fi’h@ v@(‘(@ e the We?wﬁ‘ue, d ey watien 9%7‘)‘1?_ Po’/renfh‘aﬂ energy
¢ (Metor
V, e F = ““”5%{/ = — kX, for the haymonie. oscillator]

the [ycfenﬁao energy Is
_ 2_ Ly, - %2 (58)
V= 2 kKX“=zM%ub

therefore defne . haymonic oscillat” 00 A SYS?ZM Whose
Y g Pra,xf-hmm«@ 1o the gguwre 9]0 +he diztance
Pogf'h‘mq/ e ‘the )’)o'renﬁ‘aj e)’)@f?y cCurve

LUe can

Wﬁw@ enevy
,me it eﬁul‘l[bn‘wm

S o Pa\mbola.

Fig. 41. Potential
Curve, Energy Levels,
and Infrared Transi.
tions of the Harmonic
Oscillator. The short
vertical lines represent-

. ing the transitions: are
spread apart from one
i another in & horizontal
direction for the sake of
! clarity only. The ab-
scigsa. .for: the broken
curve is the  dis-
¢ - placement’ from _‘the
equilibrium position
{minimum).

@ = B W e o, & e
x -

~The résfvﬂ/(] (ﬁme exevted by the fwo atoms a]ca molecule o
coch otheY” Lohen 'Hney ave d\‘sﬁa&d from their eguilibrium  pesition
is at lact appoinately Pro;?orv‘mwd To 1he cﬁange of
nteraudear Aistance ] IrJC we assun-e ﬁ"/mf 1his re (ation holds QXCIC'f%
It —F;l(ow@ Yn«mefltw‘a%[ “that the ofoms in the molecules Wi/
execute haymonic vibvatong when tlvey ove left to thenselies.
wf’rex b@Qj o s placesd «Prom their e%u(lfbs"/‘mm posTions.

for the fist atom it mass my

12
ml% =~k (Y-—)@) (5@)
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o o the Qud odom with mass M
I L) (66>

At*

ohere ¥, ad 3 are distanad of the fwo atoms fiom the center of
?_rowih%, [ is the jnfernuclear istance of the Hoo odens ,ch
coch othex™, and Ye Ts the %Mf{fbﬁ‘“fm nternuclear didtance

M,

From %_(56) o /éf>>/ we obfain
2
e Ar =-k (Y-Te) (é1)

m,+m2  At*
mm
Tntroduce Ypduced Mass /J* W),,—H;)z  we fave
2
Pﬁﬁ:zﬁ - —k(rT2) (£2)

This is identieal to g3 (57), expect ¥ i repleced by (Y12,
—hus, we have Yeduced the vibmteny of the two afems 970

B . . S‘\ / | \
QR molecle T the \/ihation D,D a  Single mags /boln‘/’ g;ﬁmags //(/

) hose amF)Hude egmfs “the mnf/,‘ﬁ(de 972 the dwnge @l&

—m,re/vnuc’%r drgﬂlance_ n "MC mDIQCLl[-e.

From EZ (b=), the clacsical Vibratwmal ﬁejméﬁ of Hhe
whale 5 - [ (e i)
W'J '>) y = —LJZIA_ — / K
Vb = Zr /:-:—r ( £3)

27T 27T
L heveg ~even O the classical ‘/}’907 , on/y one Vibratial

_ﬁ%m% TS Fogg{b}.e, However a/ass,‘ca//;[ the amplitude., and
‘H/\efefofe the energy/ | D]C‘HHS Vibraten Can aSgume Cl’ﬂq‘{ deSied Value,
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Ty Ruanwtwm Nle(j!ft@m‘@%) “4he evergy ]@/@/ s de%@mm@& b)/ Hhe
@‘ﬂe‘fg\} Ql\a‘keﬂ\)all&@ @?L{w‘h@ﬂ [}:67 4ine - fndef@”m SCA r@‘“‘alfzﬁe/f %)

Qy=EV

A L, 2 3

P o hT 2 aex?

H 24 V=T e sPERE (6%
4>V 8T H r-Lex>y=p 45)
o b (E-= ¢ (

Tke Solutiong 1o % [ 657 e, e Are guan'ﬁzed w,‘-f/\

Allowable Values

E(m:“ﬁ/_ﬁ_ (LY =0V (VtE) (66

hore the vibratimal guatan unbel” 720, 1,2,
Thus, the eneryy level d u‘agmmof the havmenie oscillater”

CONssts 9]57 a seviel af e;m&ﬂlﬁ' S’/’ﬂCeJ levels .
The state of lowest energy , V=0, fas
o)== h = L Twvib (65
Tlms, even in the (owest vibrattonal state. \/e‘bmﬁmﬁ energ v
s present, Which s called eyo—pont ehergy.

w_ Hf the Molecule n Mg e%u{("loﬁ‘um poscton hao a olqoalc
mament” (0 T8 a‘m% —Fav hetexonucleax dtafemic MOIecule), thie
cho\e woment™ (N[ 1 W Charge 1‘75 the fjaternuclear dictance
-ckanaes. To a fist approxiMatton 1+ mayy/ be assumed that the
charge of dipole woment” wWith Tnlernucleay distance X Irnear,
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”Tﬁem'@fe, the. dCPDIe momenT clmngeg wth O 7%9“@;0%[ @Zm@/ 4o
the 'EE%MNV'Z O’F “ﬁ(e MQC)’\Q;WI‘CJ Vibradion | On +he pasis 57C C[asg',:m/
EM MW# / +hic would |ead f2 the emizsien of |ight, 91—@_:15’?@»_?{
Conve ge(%;, the escillater” could be Set in vibraton 57) absorption |
of lght.

From @M, emisson o] @f»go?ﬁw o7£ Yadiatren Takeg />/ﬂce
0o o Tesutt of a trangitien OF the oscillater 7%,\ one State
o anoﬂw\h “The wWae numbex @\C -the em.‘#ed/ﬂbgo_w light

(S given by f)\)/ _:/’,i_ _ E(U/) —Ecv ) .
4 he

bmﬁmmﬂ guau‘m numbers ef -Me

Whexe Uled V' axe the Vi

uppe o~ lowex~ States .
priec To determine  which & teulaw -frangtiens can

ot ocewn(, we have fo evaluale the matriy elemenis

og the elecmnc dc?dt momenT.  These
2evo except Ohen the F@Tmmewf dipole  moment /S ifferent”
Lom gero and when V'l ¥ diffec by unity, ie., the
Seleckion Yule —f;r the w‘bmﬁ»m/ WW numbey @Ff/ta
homente osdllater s

V=V T =2 (69>
As men‘h‘mccd above Such fansction s on/y OCCUY™ -F&f Molecules

With nongexo permanet- electric dipole moment, such as
the heteronucleewr dorfomic molecy eS| Homonuclear diatemic

matn'x elemenats ave




Y2
molecules (ke I\J27 @z) ’“";z ete oo net }“)@f;\!@? Such fi’?“fmfed?

tansrtion QFecmbm@
Uty selectton Yuled Eg (69), from Ly (82), we pbtzen

o L h)«)\/[lb V,\
Ve AT T (™
o0 the troasite ’ﬁ?ﬁm‘# O‘F yibratioal Hrosien (s
ﬁ)gc-g'—:))wb ( 71)

t.e., the tonsiten {@m# of the tadiation is e/gwj o the
vibmﬁwﬁ ][?‘9/}“9“% of the oStlatzr,  This 5 fue 1O
o ket the U value of the initind State may be .
'ﬁxemfde) the Vibrattonal sfecfmm 916 the hacmonie oSallator
Wil cortain Single st 'ﬁe;lwnuv»l b all Afrasitrons
(Av':il> gl rise Fo the  Same fapuency,

[+ must be Poinfeﬂl out here that —{;ra Syﬂ%m that 1's
not exacﬂy A harmonic pscillater, transitton call also appeal”
o.)iﬂ'z AU > even 'H?DagA \/6*}/ \NQ@K(QZ’ Dheread ﬁf He votator
He seletfion yule (aT==1) hotds stoctly, even if the
Ssten deviates fiom he madel of the [igid rotat=’” [ His
% because 9{ the ConsexVation @,F Qngula/\(‘ momept —— /Dha?‘bng
hove wtgulwf momentum o—F'Iq’/ S0 AT hao 1o be 2 Y.
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Non classiaal behaviowt of Quantum haxmonic esectlater
_ -

The eigenfunchon of the haemonce  oscclleder (an be derived

: T wn 0 the re below .
Q)\/] S‘DI\/“‘J Eg ‘ (65). -1 Ae resulfe are cho —F‘éi{/(,/
' Fig. 57 Theform ofthe eigenfunctions

" for the first few levels of a harmonic (@)
| . oscillator. The point where the ) . .
LA : /\ _ . wavefunction crosses through zero is
v=3 - .
_ \/ ~_ knownasanode. :
' 5

v=2 L .
SERVE Fig. 58 The probability distribution ©
function for a harmonic oscillator (a} for  Puael®
; _\ the v = 0 level where the maximum

v ' . probability is at g =0 and (b) the _
. o ' classical probability distribution,
. . . approached by the quantum systemat
a 1
: 0

i : large.v.

’T}Wee mc%)‘or nondagg“@ﬂ be}m/\h‘ow/‘ Q—F 'H\l Q_M meon e OScillate?”

@ g‘MM’fW’\- meﬁhn’zﬂﬂ ﬁbﬁne[[;v . tl]_e moleLM/e /)M 'ﬁ\ﬂ(\{'
Pmbwb{((ﬁv/l) .//{I'Hlougt\ Qmm;/ to ocecur oufside +he
c/-a%z‘cm& accessible region, The exfent of *funne&v’

0[}/7@:?018 on the 5+ee[>n6§s 0]C the Fafen'h‘a,a waoll .
most pronownced ot loeo U less evdeuT at A:}A)f.

@) Drstribution ))r?)\oalofmy 9{3 paxticle  pe .@m& ot x=o0 i3
maiamum - — conh“adc‘c’/uf(b]l o dq%sfca/a szthwe_

® Zero-point energy | detemined b?/ /'?'en‘sewﬁarﬁ uncertaily
]WMCQD'@ . There iS Mo »cuv,/ in Wheeh, -the oscitlater
con (pse o 2evo.—[>oﬂn‘r enevgy é‘ﬁlt)wb.
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$10.&. The anhormonic  OselleTor
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Tic. 46. Potential Curve of the Molecule (Anharmonic Oscillator). The full curve is drawn

for the ground state of HCL The Froken-line and the dotted curves are the ordinary and the cubic
rve 1

parabola, respectively, that form the best approximation to the full curve at the minimum.

The harmonic oscillator is oharacterized bY a Pam)wzfc PD{'en—h\aﬁ
curve (doshed~[ine in the above Fiswre)) . The Pore,nmé energy ,
pad the YES*D”/’U —Fp‘rce , Increage /\”0/%4)7"7‘@? whth Fncrea/@l:j

digtance 'ﬁom the ?ﬂ“/’r m - osction . /"/f?we'/eﬁ in yeal h’lﬂ/écul-eg)
thés aan not be true — tOhern the gfoms ore at" a ffe"j— dixtance

from one pother, the atfacte fore is 270, and cmesfmé% ly
the. Fomh\@l) energy hovy a constant value. Thus, the Po@aﬁbj

CUJYVQ Qla "’—llL WLO,QCMIQ %M _,/hﬁ ﬁ!"m 076 "t’}le So/fd C e (N 7@;_‘
The migimum of the CiAle Weglmdg o Hhe e%m‘/fbn‘wm Yositon

In iz nefgkbofkooc) /"H’le cuvve Can be @Wegenfeol appmso‘mjev/g
b\/ a Fambola (cdashed—ine cuvve). This s whn/ the haymony,
oscillecdor mode ) COLFWW% the M Charcteristics of e

v ibyation gFech’u/w\ :
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We inheduce an Anharmonic pscillator model) o deserihe
+the Y‘wﬁ wmolecwle, As a —ﬁrsf’ ppproXimation o the achead
PDTQ"”H““O energy function | we add g cubie tem to the mablic
ﬁu\cﬁon of the hamonic oscillater™,
V= F r-r)” - gty (72)

LSheve g is much smallec Hhan f\ Thes 'ﬁtnc—h‘m Eg_cyg>
(doted cunve in wow%) oboes not rePresevrr the Whole o the
Po-re,nh“ energy cuvve, bul” at dny (afe  JlveS a much betler
a,pprbximjmn —%r not o Freat Values of —7Te.

T c(avssrca/ Mechanics +the motion @f the dAnhaymonic
oscillator M2y be feffesenfed as Q Superposition of Frundamente!
and overtone Vi brativns ( /)Mmomt: BF ﬁwdamenv‘nﬂ vﬁ’egwog) :

X =X, 52T b T + Xou (B+ Co52T-230 1) T Nog 5127 BUn Tt
(72)

(/‘)L‘efe{ Xog 2> >(02 >> Xoa

( = , r~ |
UV\E"——Z'?'T—' 7/37 wkeh Xoy 1S Small.

Taam, to defive Cnefgy) levels  wndey™ anhaymonic oscllater
/
l/l)e SD\UQ ‘H’)e -Qﬂerg\/ e\‘genVafue e%mb/) Qth‘n, Nl"f’}) U
Y‘e[ﬁseyﬁrui. l)\) E% (7’3> I+ is ‘Fou,nd -’r‘mj’ f@(‘ Small ﬁnharmpm‘c\‘fvi/
aF “H\e ascillater (g <<‘F) ! ‘Hle Cnerg\/ @lkgen\/a,’ueg are ?I‘Véh é’y
E (U> = }'lﬁv.‘l, (V+§L) - h))V"B Xe (V+'Zi)2+/7>Jn\L\/e (VfE’)s-lw

! ., 3
= hdwp (VHz) — h v, Xe (V)™ + Tkt Yo ( Vf—zl)g—&w
o (Fe)




T 4>

}}erei Xe o Ye are Small T)MMb@YS’ (f@omrmﬂei o ,{> o Y”%Fr&fen“f'
the deviaton of the energy [evels v@’@m haymonic osecllater,

E v
6
5 5
4 § s . 5
3 3 e g
. 2 — 2
1 | — —
V=o Y=
0
0 —————————————————————————
spectrars | H‘wmo“‘\c Anhm’WIOM‘c
s >
Fre. 47. Energy Levels and DSC\‘N%'M DSC‘ [/Q'{Ur

Infrared Transitions of the An-
harmonic Oscillator. The absorp-
tibn spectrum is given schemati-
cally below.

Sl ectiin . Juet ag —Faf'fl’le hacmonic OSCr'((a:Ivf{ an ,\,,ﬁama/
gpectrin of the anhaymonc oscillator Ar’ses 0”[7 when
A%:’aole moment™ S Associated Dith the motion . T herefore, Dﬂé/
heteronuclear molecules jaye ,‘nﬁ@red QFQC-W,-W-FINQ homo— , -

nuceawr molecules de not have nfraved Spectratmn.

Selection Yules 120 th an haymonic pscillater,

AV ==, 2 23 #4, .. (F5)
Tl;\e Loe NumbeX o@ Yeal tomsifron befween éQgﬁ[Qw,\;{‘
Uchedemal sfekes  Ts (4U=V"-2)
/)\)/ :_L _ E(?f/)_'EC'U>
- he

Wik (qploqr) — VZ“" Xe (@#—ZL)Z* (Vz) ]+

~

—
—

C
- Yy Yvib IN% 2
= _-‘;T"’AV—- —{;x{(‘v’),&v + AV ] + (F)
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let us denofe Zﬁé _ Y, (wave mumber)

v E(v = hcy@ (V+z Ly heSEXe ( V= Yor held) e UL

A (37)
R Wowe Numbey™ e-F the Hounsihon [ne is

Ecv') —Ecv

N

_ L
Y & he
_ oy vt - X [V+2) =02 T+ 0 (349
" ~
Foc a¥V=v-U=(, V=1 — U Xe  2(VH) + - (79)
o aU=Uhv=2, D =2k - MXe 2(2VH3) e (80

TL\QWa\)ermb@/Y” 910 the ﬁrsf band ({—0) / e Ffam V=1 ——>U‘=D)

| J(1-0) = Ve ~2), Xe (&)
“Thus, we can detexmine -the Vibrational constants Q;: ot
)(\);Xe 'gbm the DbSe)’l/eo] /90'51777’7"5 oF the fnﬁarec/ a,ésm/@/‘mn
bands 9F a diatemic mole evle.

-/

For exi’mﬂ'e 7 (1~0) = 2885,9 cm
y / ? obsexvattonad dntz

¢ | molecnle
( H {)\jobs,(z"”: 2%83.1 em™

Via-1) = Ve '")Io,)(e":[- =2‘4)/):Xe ( §3)

~ (g%
A — - >
AY = (z_,) _Ya- D)= — 2 Xe (¢>) -
o .Y 2685 i
25T = Sy — D170 = 2%“3/— T =03 @
N 53 -—'/()5& —/
= VeXe= A_;‘S = 3 509 em




W/

A
AN {;jé — gobs(‘l@0> -} 2’2)6 X@

= 288567 + ox 519
= 2?87«? em™
N
Cog s Dexe o BT —oerp g0
Ve 2989.9

Tl‘oe Qe{v-—()ofn"r eﬂer@Y af ‘l’l\e a,n}m,\(mmu‘(, osc[[/af?f r<

~ N~ ! s
Fo) = ‘é’_ hc_))e — Z_’-thCXe ""'g'hCiJe Ye t - (8¢)

CDWTMW”'LS Slﬁh’%ﬂ\ o Dgsocialiern
a Pofen'f?‘aj cuvve @-(’

Dhen an anhamonc oscilter with
the _fYPe_ given 7 -the fotlow:j
than Cmgrm)&-éo the honzon
il pe completeld remored fon it eguilibrium positien ol et/
not et o i | f the energy of the S}/‘;W ywst Cm@?’”””/ﬁ
40 the ﬂS?’MF@T@; the atom¢ at a ;"@ﬂ/’# diztance 7907»1 each
gther will hate oo Vdocﬁ% With fncreas:f? enevgy akove that
of the asymptote the atoms at a great distane apart howe
]nOYeaﬁ’;‘J Yelatie Kinefic energy. This ket energy s not™
%W’n‘zed. ﬁeﬁ/foﬂe) above e O\S)/m[ffote/ a contntons fayun,
§‘>ec+rwy/\, meeSFoM/j +o  chzsociamon | Joing onfe the. dicerete
Uhiational doym Ceries. This is guite Snilec o -the

contiaium  that a%‘oms +the afomic feym gerveq ol Cévﬂ‘%/?an;/g fo
Tont zaction . efF adoms How@\/er, there & @ m”r“sfﬁgmzéw/

«Fx}w\fe) Teterves Mo pNevgy/

'/'a,j QCYM/D'I@'/@, 7%2 mass /704‘/;"/“




T UH5

i T/c«e mo lecitle Azsoc aten

Mbﬁr a:lp Vg‘bmﬁb’?’) /@\/ejg Fmsenvf}
phich S n conhast 1o ‘T’he case

om0 ‘F?"“ e

Ac‘{{d@m@ betw-een Hhese Canes
Cate ,’Hn@fe, (s 0nl?/ 2 v{:?aﬁe N

®‘F Joncza teen thexe +here iz
punbex™ 9-P Jiscete levels lyey oelod the [imit_

o ORISR

uoys . Term

at, in,_quant; theory these
ity amplitide . ¢ .

D and GJYYP_S;’[?mw/«,:Z De
Le‘f‘ S Calcu(aie ’dle a/ﬁgsoc:‘@h)m energ~ A })9‘“/ Mﬂﬂ# i/t‘bﬂ?«f?' g

jnels exist below the dssceiatm crergy Do, ( Unforccte
‘Cz’\é (De heve l’)M “f’/le Qome Symbog a0 ‘If}le/ vtz

vnal fonchont-
De . But indeed «c}.e,\/ ae very \ery Asfferent, o we showid
”)o«‘n'f o™ ecch time wWhat De Stavidg ~(Q,r in owr" C@py;m'nhbq)
Do . the hesht of the agympiote (ie., the begimsy of the
ﬁnuum) above the lowest v(‘bmﬁmﬂ leveld i< eguaﬂ T the
work. that must be done i ordey fo drssociate the Wolecule

— he So—called hea‘l’ 9'(‘ oprssocfhh*é%\ or Aissociation energ 7/




T 4b

Hv P S ‘@byiblf{é %ﬁj "tl'i@ §(“\S'§®Ca‘aj’(“@m eﬂe{?'}/ ?@ (4}, me//*) i
gl o she sum of e it guast.

ECV+)-Ecy)
Do = = e (8)

'Tl\e energy dﬁ[—(e\fenoe , De, bgk/deen «fhe monmum &f Pofen'h‘a,a

erergy and the asympfote is a |ttle greatel than Do by

n qmount” Q;Mﬁ 1= the 2evo-ponl enevgy
De = Do +EC2)= D, +%‘~>’); —2—/)'5;)(9_ —,L—éLﬁ; Ve -

(&)
Trom Eg,(?‘?)' e know the ave number ’F;f ,,6,9&7(% FanScom
- ~ ~
\5'- ))CW‘H’%V) ':—J)e - 252)(6 —Qﬁe)(eﬁ F .- /glq_)
, oo

“To dorive Do ondt De  we set S(vH—Y) =0 e,
/ ’
the %Feoﬁw\ become (ontinuous,

o A n
N5 - 2deXe - 20 Xe U =0 [ €9)

= VU, = %:ﬁ*\' 90>
Dhete Vp s the Vibrational) 2 Wasnfom- number that e next
snalle integred valie of U comands o the [ast clisrete
Vebratioad level before dissociation, e, (U +4) cmres/mo/s +o
the laot dizerete Vi bmﬁ‘aﬂffc& level b@'fﬁm Aizoociation .
e = = (11).

e——

To g =
> 2)/)@)(3 2 Xe




/s

T:o( Hel malecbdé) Ye = /. 27;;;){/042,
[

‘g\‘ (‘Uk %4 = : = e

’ 2 Xe QX1 FB5X 107

So HCl pas max 28 vibrational [evels Ae#fe ols socction

o~ 25

The energy dv‘ﬁ‘@@nce between the Oigym/’bf‘é et the
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