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Coh'fihw'r\j Vibration - Rotation Sf)ccm‘ra

For o funtamental V-R Landa of &
moltcwlet (n=1) , lineS are at

heD = hew + 2he B [T+, =77 canld

Lave
for ¥ 07= -
The line S"'rfhj-/L can be offerminea
'from our Pr-un'ouf LY Pr<SSion F wt use aNfo().
matriXx eliments o--\f wse he Ve (averaj'c

(ntrgy of Hhe Fransition) nslend of
het/ = 2LEo(Tw1) = 2Bhe (Tel).

Sl heT T [+1] (, _ tx,s[km? )

2T+ 4T

x (27 +1) cxp[— E.J’(Th—l)]
AT

For Q \)':Armlfalr\k' ‘h’ M\S;‘HOV\ \ heo >3JcT:

S & heo TL[+] (Eo (ZT*')) exr(-—E.J(ﬂﬁ
4T

27 +] T
CACPJ? ?{P trons tion P'oLaﬁfﬁl' lower Shete
'anSrlloh ‘7 porueroh
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TLiS cxpression gives quitc accurate
dts‘c','p"'ion of & vibration- reatation S'yskm.

Nite: The maXimum n line S\‘rthﬁfl\ shifts
with T —p tonh be ws<d + meafur< planetary

+tw\ru atures. Measure spe ctrum find $he

perks , than calenlate 1 Mo\{d(r\d T
s ! Hel
e
molecfemd
!Ill , | !h, — - ((M"}
2606 2860 3668 3260
~—" —_~—
P Q R
D7T=-1 DJT=0 DT=+1
Thr<¢ Lranches of IR Srcc{'rum.
P 0T=-
Q 5T=6  — not present For Aictomic mikewks
R 87 = +1

Eh(ij, Frc;m»cy' wavenumber ihtrease widk
P—w 0 —R/

TF Q L,”\cl\ r_)(l'S'ko\, all lines oF any T wounld
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be Superimpistd on cack pther,

Nexd Level of Approx;mxf{ov\ For Diatomic
Mol cnle S,

Close examination of an HClU vibration-rotation
S$pe ttrum  shews Seyzral uu\r#to\i(,"ul ke atures *
— J.oulolin_c’ of some oF Hhe lines

- Mht?(ﬁal JfAcinj of lints of inLveAS;hj J

Reason For m\ei,ual Sfl\cinj :

The "pther -Hnmsh In oWr ti \uc"for\ for H\t_
entrgy of & diatomi¢c mglecule ore aS follows:

In em . ° _E__ = U\)v(v-l"/;_)—l- BLT('T-H)

he
- D. TI(IH-I)Z

—Xe Wy [v+ ’/1)1
_ e (v+'h) T (T41)

+ o0tLer Ferms
Wwhere

=D TH(T+1): is the Cf,h‘f‘i’;;ujal term whicl
implics thet oS  Hee molecult retates
faster , the bgna stredehes and He moment
of intrtic Imecreases,
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sph
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COhS;der;hj onl 'H\z rO‘}OL‘HOha' SPGC#NAW\
WI‘I'L 'I-L;S htWw f'(rm| e linte SPacl'hj

be commts
2B (T+1) — 4P (7+1)1
So

rotational lints become more Lla.\'ely spaced
oS J Increases.

For Hu. V;erior\- rO'l'a"I-(oy\ SPLC"‘(U\.W\' ~H\¢.
tntrgy differenceis

= W, 8V + 2B [T+1,-7]
- 4P [(7+1),-7']
— Xewy OV (1 + 2v+ av)
— e [(TH)(av T +2(vtoVt'h)
T(ovT-2(v+0V4A)+ 2av) ]

Eirst 4erms = AT=+) (R Lranch)
Scwonk terms > pFJ= -] (P branch)

LC'FS Simp'ify for 'HJ. ?U\r\dam{r\‘/'dl Lahd
whtr¢ v< 0 andA av=1

V= Wy + 28 [7+1,-T] albers the

-4De [ (341)* - y podition
4///,. - Z.XQ(NV OF +Ll
T~ _ & [(33)(3+43) TE-1)] Lank
thj

hin '“~¢ B&h‘
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In gtntre | :

L first ferm (fu«ii-ifv\j&l) alters line specing
with all bands

Shierd

- Selori krm o lders line sphcing From band
tv Land

- ﬂ-—rﬂ\ Fvm o\”ch ¢entral ’ooS:"l'l'o»\ of tHhe bands.

Second\

P
/

Band Nomenelature

Namts of bands arc associatd with +he
wibrational 1MAhh»m niumber V.

Tundamental bandg
0ccur When lowtr value 1S V=0 arnd Vv In(reases
byt (v=0 is 4he ground shak )

overtonte bands

occar When lowtetr value 1S V=0 and v intreasey
Ln mor¢ +han 1

t.9. Firsd overtone vz0O —d V=2

hot Lands

oceur when lower value of S non-2ero .
Absorption in these banhS Aeptnds  on the
Firi ’oOpkl ation of Jhe lower state so 'I'Lu:,
+end Yo be wesK LuandsS and S-l-rov\jh:’ o\cpcnolm-l—
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on ‘I'uv\'sua‘l‘ur{ Ll.C(LhS{ +he ‘oorula’h‘ol\ sF the
lawer tate fillowS Bolizmann's Formula

exf[’f_‘rﬁ

hot over fon¢ hands
oCeur Wwhen lowtr Stode of v is hoh-2tro

bhd V ncreases by mere tan 4 (hot common
LY wul()

isotope bands

All bands arc reall I'S‘o‘/'ofc bands, Lut uSw\”j
0h< n'so+orfc mole cult dominates e sfacw'-rum
onh S0 Fhe hanAs of Fhe weaker Isotoprs are
ealled 150tepe bands.

The rotational line sfhcfn onhk Fhe band
position betk depend on Fhe isotepe so each
iSo'}opa hasS Aigdmet LanAs,

Look at 4able of HCI lines From HITRAN,

Po ln afomic Molecu les

= more complicated vibration-rotation spectva
htcansSe moleudes ean Vibrate n several modes
ond rotete on morc than 6ne auis.
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“ON(VU'. somt faolga'fom;c mole(uks "\“V'( SP(("'VA

reSembling +hat of & Aigdomic mokeules
ext¢pt that DT=6 transidion is allowed ,
rtm”ihj en g @ Sranch,

Two mo6S+ common a+m6s'chr|'C moleudes
with vibration- rotation spcctra are Hy 0
ohé Col.

~sbith have fundamental bandg v e TR

€. H,6 ¢ 6.3/wv-

— olSo have Sever ol ovevHone ond (_aw\'n'h&“h‘an
boands$

Thr<t Furhramenta] vibrations of H, 0

‘axis of SmetI'fv (rotade

TR Ny
0 0 oK
L/ ) mmdric\b SJ"‘"“*;C '/ 0n+;$jmw«.1‘ﬁc
”srrdch Lending sh<Feh
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\g V
V, v, V3
3615.7F em”! 15 95,0 tm™’ 3755, 8 em”!

These +hree  yibrational motions are
called Jhe novmal modes o'F \,;Lra-h'oﬂ

2 motion in whith +Le atoms move i plh§e and
with < Same Frclucn(:’,

- —=—

Wiath and Sk&pc of Sfuu’rm\ Lints

Before cohsidenhg e ealenlation of c""Jj
’rvo\nsfu ir Hhe wimosphere | we ntad b

con rder how W shape of « speetral line
Aiffers From dhe Aelda Functron aSsum<A +Fhus Far.

The natural (\Hry narrow) shape of o line
'S Lraadencd ky hwo procCesses:

() Do pler sh L)

@ collisions

Line Skape Fanction
Beconse +he .S"'r(r\j“\ of & Fransitron is
\Ahcl\anjfo\ whikk +x +Fransition 15 spread
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oul over & small rc)foh ofF +he Sfc(,'hrum'
Flhes< Fwo efFecds pre s:.rarm‘w\

j(- — S.[."z Semetimes wriben as
z

Jki,: S'F(i-zo)

whtre
s - AL:°"°‘,".OS~ cocFfieiendt
€ = lint S“}rtr\j'“\
I = lihcskaft function lat contains oll #he
FM?lﬂtn(j (L) dependtnct

I addition., +he line s+reh‘7-l-k 'S Frixed for a

3,\10\ transition | so the +otal ST over all 3
mus uthl S

00 00
f%d{.:l From fsa;a;,:s

1.¢. +he ||°h-(Sl\NP<. funttion is nor ma lired,
'Dopp)-(r I'Svoo\o\cr\inj

The non- relativistic 'Do”,ltr shif? of &

mbltenle '|'r6\vt||;hJ Mo'\j ol r \I'M-o'f-ﬁjk-)-
with V{loch’ V

z':=z'z,(|ty) V=2 (v-3,)
c v,
Whert Do = WEVEnumber oF pbsovhed ov emiHed de‘on.
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s 6pplics for rensoneble U—mos,,l\eric velocities
~ 300 m /cec.

When considering lorge numbers of molewles, we

musSt conSider Fhe Inra!:al,:'l{*wj of 6 malecule
having |/c.lot,.{1l beduwttn V and \ + DV .
=2 rro‘oab\.ll"y K jl\ICV\ LU '“u. BGH%MAAY\
Aistrib ntion

vf)(V)AV:— J___Lﬁ oxp [ - sz)

27N kT 2 kT

wherc
mz molewtlar mass

SU\I)S"'I.'}IA"'(. v:- c/'z—,. (i - 7;0) b re lade ‘he
hum ber 6f molewles b Pu wavenumber :

£ o 27 (-— mcz(i?-'z_/o)z)

2 LT 2,2

Wwhere +he LM\S‘J‘M\'LS Lhave been AroPPQA L-'.CA\AJ'{
fz will Lo normalited .

'DC'FI.ht ine  wid+h pMAme'le'- X'D: ZJ_}_ '_2£
M

¢
Thtn —— \a
F{, °(¢¥P[—(L"-ba)]
)
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%
Now normalite f& =1 + jd.

\]

D

!|.'_ — | _ S - Ve l ‘Domo’-(r
AN S CXP[ (Ldv ) lineshape

NO"( oot . ‘borp’tr KelF width is not °('b,.
11 s o()‘“mll.

The "bom,l-w "Iine widdh" s wSuklly Fnken ko
b". O() rﬁ-}-L(r 'l'Ll\V\ +kh¢ AC"‘M&I H HM



