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MOLECUWLAR ARSORPTION AND EMISSION

Nm‘ 09. are not e M—‘“\l{, be cause 'H\cy
6re homébpolar méle wleS withh wo di'ooif

=0 =0

Three moecunles dhat arc iml)dr"'ar\‘l’ I
eStoblishing radiative balance in Earil's
stmesphere” are  H, 0, €O, , and 03. All
three are (R- active.

—=0=0 &
- Oy

104.45" 123

For & simrl-c Aiatomic mele el A—B' i f
on be sL_cw}\ -]'La-l' ‘FI’OW\ fhat\"'b\m W\fe.t\lr\l'(J'

et Hlo chtr,y tvels Fov' potatron are

EJ- = EOU(I'I'I) + other ferms

thVQ

7: !0"‘&"‘{4;—\5' 7[,.@,\-{-(,;“ ni ML{., (;r\-} Cjc.r)
E,= 3roum\ stk thergy (7)
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Rotational constant B = E, (cm-l)
he

2

B=_h  wi T= wmm
Entel m, + m,

My, M, ar< atomic na SS<J
r= S(park"'l'dh between He atoms

When 4he male cnht ckar\jcs stute +he
rot hdional 1uan+uw\ humber mugt eLm\gc by 1

Ss Hat

/AE= Bf:r'(f'ﬂ)—- J(7+1)] in tm”!
E®

T Senled Lj h ¢
whert T = T+

pE = 2B (J+1) , T=0,1,2--

Thus ehtrgy can only be absorbed
ov emited w"' sfccl'-ﬂ'c cmtrji(.f

or wavehimrm l:o-crs.
P} f.?\l\““’

B These ‘I'rthsf"'foy\_g form o r(jhlar'? J‘Pk(td
s’:(c:l'vuw\ in ””“'j? or WAVLnhumber unjtsf
|| becanse AE =L, (7).

BCCOM(S' mare comp“ca'l'(d -For r<k\ and Mracr
molewanles.

(in CM")
1..
/‘v.
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For €02 | Aue f its lLinear Structure with
OXIjﬁem afom of ehcl &vso(’ 1'4' k&S né
rcrmahm’c Aipole momint  ank behbveS as

o l\omépour molecnle wet 't pure
rote+ion Spectrum

= bT = T is Forbiddtn

= (0, 40¢S not hLAVC & pure rotation spectram

For HoO0  due Fo ts "Lend" .gLalac‘ (4 can
r0+d\+£ alsou.'f' sSevern| axes Mo J(.htl'&"(. a
merltx r6 tational Srtc+rum .

HCL —> 9008 example of o simple Iinear
diotomic molecnlt

r= 0.3 nm
{ \S“n( J’)acl.nj ~ 20 cm”!

W\‘=
m, = 3S.S
HCl doeS Layve a f,urc ratation 5f>c(.'l'r0\m_

Calculotion oF ke SL&f{ of +L¢ Sft(f'rum
rc?u«irts conSiher ation of #he popul atian
of 'states  whick depend on

0] 'l-cm,o-t.r nture

@cr\trjy above +Le Jrow\o\ S fake

©) oltjewul\(.& of H staty

For & Listomic molecule , He deqencracy s
1T+, ohied 5 4Le number oF pPoSsible
proj(c‘i'l'th of T onte some FiX<A &Xig.
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Ae fhtr&cy = tX)S-}Cth of’ twe or more
J
er\trjj States

UV\RSS ~h t)("'tfh&' f.'-(c‘l'rl'c or mAR hﬁ"'l'C q"f(M

) krf“to\’ Hhese Atjuero\’rc ckeryj [evels
ard ¢7 wal .

+hree
If 7=1  fhen 27+1=3 LT A\ Aegenerate
o - oriwntations
of 4Le
Tf J=1, +len 2T+ 1= 35 -l + an gular

momen Fum

7 fiv< V¢c.+or4)
, __} dejf.v\erhl-c (Q(

0 17, ovientations N ' O

. ¥ for 3= 2 Yr',‘—"

.9 4 o

Al of +he meleunles A-R arc o\islrihjuisl\al,)t
Parhclﬂ, s¢ Boldzmann gstatistics ap,oly.

The ,oorl«(a'hbh of the 7'“\ state is

Ny :['ZTH) eXP -Bhe T (7+1)
T

Recause tvery molcanle mustbe in some
state , Fhe hotal population s
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= i hy = i (27+)) exp[.:-_lé_k_C_ 3‘(7+n)]
J=0

_— d T

TF +he leweds are c.loulj sphced such Hhat

J tan be considered @ eontirtroLs varuaLl-(,
'I'Lt,\ +he¢ Sum ehn 1;.(, FransFormed nto ls

solvable -gt'uod'uov\ (ln'l't]"kh over 7) to 9&"’

nN= kT = 4T (st4h meckanics)
Bhe Es

The Porhll\‘h‘oy\ of M\S State i

ny — §_k_c_(l:r+l oqa[BLc 7(7.”)
N 4T

This Funcdion has &« maXimunm Whtn

<ZT+ ')l = 24T — Furnetion of
Rhe Nmp(rdur(

For HCL ot room 'HMfuk"'W'( +Lis jlch
T= 27

lmax ot T213
02
relative pop. |
"3 /n o.t.L\ \
o.OS'--l | \ l 1 T
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The more molecales there are in a jivu\
widial SJ-H-L, +he ycakr He intkerachion with
radintion

Wint b dehirmine how Jl'vov\j Hat ih?lcr aC Hen (S
and Low t varies Widk T,
— ntcA bk dwm mechanres okl enlate
< :ijﬂ\ of +Lis inkevaction,

Reenll +fwo-lvel atoms itl Einstein coeFFicrends:

Radintion | (Colli slon s
[tvel L !
leve | 1 i N V.
abs ur"l'"\

Lsroh!'uuus
Cm;sSion

S-“mk'al'(‘

tmi1SSion

The interaction of ¢ beam of redrvatron with
"'LI'S MA'H(F 1 $ jl.v(h ’an Bttr'S Law

ALl = — lhn dx
L ot BsMamam's consdand
Wwhere
h = melcenlar densrt
We wom{ h 'Ffr\A 4k for a par‘l’fcu\'ar “'rhn.ﬂ'-,.'oh of-
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pkul'on thergy heo .

1Mh+uw\ mechanical ’rcms, Hais ccl uation
wol.Jd be

d1 = hct (Bu” B,ln,)IM

C
W N

Stimwlald — absovp tion
tmi$3I0N

Now re¢consider the mathr in 4 'o'k(k’oody
Fidld For which

vc\o\iah’o»\
Bn_ n« = h (Au + B, °<) °"“J
f.°“|S|0hS
where o ;S—-“\(. b)hLKLoAlJ radiation aktV\SI'lj
ol = 49RT = 4~ B; where 7= av iuf(u!n'lj
C C B=R y
= 4’1‘ (2'\(.1 "S )
ex',[kh,
= 8xhey’
CXP(l\(.‘U) - '

The Stake populations must bt §iven by
Ro 2 mann s atistics :
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Ny = 3. -LXP(-L\C'Z)
h, -), 4T

page 8

where 4,9, are deguntracics of Hu slates
Combining ©,Q ant @) | we q

92 B2 = 9, B

A = 8rhev? By

lAsinj 1Mawfum M((-.kam'cl‘ |.+ ¥ poSJfo o
shod  "(with som< A-"F’-'c'wl-l-:,) Hat

R, =_2m1* 3 (RG]
3h2g, — 9

whtre

Fhe Sum 1S over oll deqenerate States ofF levels

{ and L of méadrix eléments R (1,2) For +he
Jransitions

These are meleenlor Prop(r‘)litj' ir\o\tpmd(h"'
of e ijsicﬂ sthate oF ‘l'L( hnol-(u\H_

Now comp hre fwo Forms oF Beer's Law
"'o 'thd on cxpr( SSsioh -for .J(

AT =-Tdndxg = _I'ii (BZ"‘I - KIL h.}IM
¢
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vk'—'- - "\C';J- (Bz, Ny, - B)Z. hl)

ch

= hz Bn, (l—- ?."z)(_’lr_) ”Si“é

42 N h /"“

- 2 [RG IL ~hiv/i hy
= ho [ L7 Z 2 ]("C ),_)
3his, d M,

Calceulation of 1kt exack value of 3 IRIT
for & molewle is Aiffiwlt, o in 3u\uo~l.,
$he absolute value of +his Funcdion for an
ransition cannot be e)ckC‘H\t, determined,

However, For & dintomic mokcanle | Hiu depen dente
of ZIKll 6h J Con be detcrmined = as
TC-HJ wWhere.

T = lowtr ehergy shate

+] is used When pT = 11 ond
1 15 omiHed When AT = —I

W< can ey press relation n ferms ofF T 4nd
constants :

£ G (360 (14 tx,a(—gs_smﬂ)

27 + | 4T

(2] (e [~22240] )




PHY?2505S - Lecture 8 page 10

kX (741) (7 m)(u - oxp [ 26 (741

AT
x _| (ex,u[— Es T (T+1) )
T xT

thr( .
T= |owtr S}nte for a\/fwh +ransition

aAE= hWeo
= 2E¢ (T +1)
= heB (T+1)

TL4-S Ferm K18 o\("uﬁ”y the Sirm\’H\ of +ha
Fransition "S“

So the I"'Hha‘l—L of a ro*m‘[ohal -l-rmngfhoh
depends on T in g comp’tx Why .

For purc rotationl gpcntra AJ is always +1
so +he (#1] is includcd (but leFt (F in7ss
e more ]cuml exp"t.ﬂ':'oo\).

AltLomgh +he exact st hj’“\ of kny rotationa |
line e..outh‘} be t&lbb\'d\.’l‘(A | |'F tho S"l'(-hj"'l\ o'f
6he hnt ot gne Hmpevdum Chn bt mekfured,
then the Shrengts of other lines of ofher
"'(MP{ral"b\}'(j. Coh loo. d(‘f‘(rhm.hfd Fl"Ob\ 'H\(
rropor"';bhall'l-j (_ohd;'f:'OhS aéovt.
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Example : HClI
1?7
wﬁ t |
sl'rwat:- T S‘I't‘(hj']’l\
Mbitv; o
“wni ' m.l.“ "“.‘l. ‘
o.mll l!‘!eﬁ |61° I\ ‘)Hllﬁ,
0l J 5
((m")
\___/&

VIRRATION — ROTATION SPECTRA

V;Lrh“l's‘oh AnA v-¢+a,"'|.0b\ CFFf('}f Gre looSelﬂ
(ourltl . Mm'u(? Lj Sele tdion rinles

({ retation ~ 107" Sec /l vilradion ~ 16-'45«)

The M\'crjv of & S;mp’t v:'lora."'t'nj mo cale (S

E= E, (v+ '/z) —> comes Foore QM
Where
Ev Cntrgg between Hha SH&(S (6\’56 Lo)

vV = vibrational 7um"hm nam ber

So For & vibratioral - rotadional transition
in & diatomic mo’tcul-c, Ha fotnl tnu‘jj IS
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E= Ev(VT'/z) -+ EQJ(T+1) + ¢tle [Krms

oF n em™ !

_‘E_ = 00(\/1-’/1) +~ BT (74.)) + otler krms
he

Selecdion rinles: AV =
NJ =

|, +2
|

+3 - I n

1+ 14

)

Distomic meleenles cannot make o

vibrational danfition withoud alsoe MAI(»'nj
s rotational #ransidion.

Ont mor< selection runle @
me-ly + e —

Eock odd rodational leve! has parity =
Eecl even wobat,onal lcvel Lars P“ri/-a +

g6 'J'I:O —_—D Thz O +hen —+ - +

.Dl'kjrlm for Aiatomic mol<unle

3 —
vzl ! T
J':o "'
3* =

il
=0 “z. — 7
T =0 -+
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Selection rukes arc H«”y
27= 0, * |
Ma.'l' + <& —

BU\"’ F 8T=0 artdly is +t<— +
) PArtiy .
SO 'I'Lt §e -"thr\"‘\.ohs 4are Fov!nddfh .

Eh(rjy levels oF  $le S pe ctrum are
hed = E,m + 2E,[T#), —T]

I\

hewm + Vhe B [T+, =T

Where

J+1 corrLSpoM\S }s AT = +1
—7J cornsromis o DTz -]

For +le Fundamentnl Vibration - rotation band
oF & molewl (h=1) , Hhe (ines are at

’AC—L -~ Ev ~+ 1Ec [j“l", —JJ

= hew + 2heB LT+, 7]
exeept

ot Hoo 720 State cannet have o AT = —I
tran sition,






