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me,;‘ga/ 6;, a guanium mechanical law which be g7y ied (FW" ME.?”JU“/““ () ‘

_The VecTor_of anovlar momenium takKe only-The direclions such Fhatis Componenl”

afon 9 -a 9IVen /'e/:ekence daliveclion +s Zere .oF an. m?"e_g)-a/ ma/ép/e oF ( ) |

B el e

. Rl R T ——— iy, e .-
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7778 Frsf'Fdd;r(f 9009)-!7/:13 7‘ﬁe pap u/qfon ol 7’7—,9 /eue/s /s 7;,,_, Bolfznqa,n
disfrbulion .. ... . . . . . |

/V7 = Rumber o molecules in 7715 skle T .wz‘#..energg EJ.. S, K= RBoltzman

-s23 -
(9"5761)7?“-.:'-'# 38/ X110 T.k'.; T = femPermTurc .

tF No is 7The number oF Molecules /n 7he siate r=o where & =o ,Then
J=0

The relalive rnumber of nmolecules /n any hisher. sf'a.r"e o sround stateis.

xf .= exp ( s EJ'/KT)-—-': - - { — 6J1CTCT+J)/|<T} (2-[)
o

U A .f.':d__ue/ac,'..?...g:;;'__‘_ﬁlzfghf-.;h Ccm “) and 8 5 In. (Cf;!') ok c.\(qmp’le f‘qK.ng

-a,..z"'qp,b/l!*a/ue_+.cp[8 = 2.Cm {}ama/ room. TEMPPPQJ"HPB 187'3 -[T-'- SO0 J\'}
| since 7he velalive poﬁa/aﬂ on tn 7he - = 7 stale i -

Mo expo[2ress izl 7
/VD /-_sgxfézz X S o0 | 1

L =oexp (._9019) L 092

8 an pewm v B =
J N WA~ B = - b ——— T—
nar

| ¢€5 mean 75 ot #ue tumber oF molecules in siale r=1 of equzlxbrrum
-as.or.equal 5 molecules i slate. T =o.dIm a simsJar wel. the Tovo oraphs

oY S =, _9_6__8)‘}'){[[}3 been calculaled , Showsine 7he more. raprel o ecrease of. Aé-\

s/ 7% ._.zhChe?a_S.{bﬁ J"cmd Wl'#l Lakger_hg . e ND |

-’vo '-lua -, '

&
AN 2)
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@
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h
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expL-Bhe3(3+1)/kc]
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&
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3
/
/

o
/

J Potational quaviluns
ﬁUMbc .
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()

Fro(9q). -ﬁe Three degeaem&_orzhnﬁ lions oF The yolatronal answular nmomenilom

i Vecfér Fak (o4 mﬁ/ecar/e w.r'ﬂl T = 1

15 clear #mi From the Fia(9) , we have a three rotational divections For T =l and

These are associaled with Fhe same anavlar momentum , hence The same rotalion

| al energy _ﬁ_us‘.-we--bave a Threefold ceoenerale , and FrueLold , sevenfFolel desener-

|aey dePfche{} as_in Fig (10) . In 3enerdzf may- l’eaadr } be seen thal each energh

V- Level 15

—m e e - ca— il | e e

(2T + 1) Fold degencerale ..

e (1o) _ the Frve and seven

.ddesenerale rotational orienia -

3| _frons For a moleeule with T=2 and

T=3 respeclively ..
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#ws 7he nambef of degeneraf? levels aUa:/aé/e InCrease rap:c/l;— w;ﬁwT: since The
ﬁfﬂf }’e/aﬁue Popu/ajion al an EI)E’!}} E-J- whill e

L]
e s e, R m B oo e S e S P —————

TAerefore The populalion rises 1o amaximum ane 7hen diminshes as be sh_

Jewn an Eig C1‘[) .

NI g . S S —
No | - '
H b 23 -
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“\o \u

d
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! i
s
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f
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-
9
=

;J'
e
A0

. ‘ ] R e R R T - - a \ Ly S s e S W e e i il S 4 e

(2;r+l) exp/- Sth §7+|)/ =T ]
\"\.
e
|

/

0
/

/

TR N R Ra‘f‘ahoaa.a uantum number T

= éﬁa{l!) The ToTal fe/af ve_populalions > jncluding degeneracy-,of 1he rolational encr;gf

devels of. clza.famzc: molecule. )

L I o wa. -y il oy 0 W B S S T N T T S T TP iy, B

- ky DiFF 9’?”7“*779’7 ob €7 (Zi) —will be shows that the populalion is a maXim—

um al”_pe q-ne«:y_:g_.s_t Jn.]f'e,g kczf_( Il_--bqa./u.e.,-_'lfb

PR TRpe—

MaXimum pPopulalion
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AT @A e o ol EYE . EE ww l O yedeaigap E = T g e FIRbs



7%6 € FFECT GF ISafoPl'c SubS"TfU'fl'ﬁn - -

when a parlicular aTom in.a molecule s veplaced by s isotepe _ an element
Jdentical in every way excep] for s alomirc mass. Zp pariicular therels ne
Q /fecfaé/e’ céange 7 /'ﬂfé)wuc lear ors ance-- en /s aTnﬁf'c saés#&:ﬁwn bu? 75 e

change in e 7o/ad mass lead 4 change /n The momen? of inerfia and hence in
B value for the molecule .

-

For example Carbon ponoxide ooine From CO . 'f‘a CO thereis a mqss incre
‘3
ase and hence a decrease in The B yalue . IF. 8 desionaled For CO.Then

B _>B and his chanoe wil be reFlectrel in The rotationad ener9y Levels of
The molecule as be shown in Fig (12) , Furlhermore by the diagram - at The

Fool oF Fio CIZ) 7he spectrum oF 7The heaVier species. will show a sma//er
.Sefafa.zf o éefween 756 /mcs' (26 )

e e - e e E - L. L B S R

6

F12 (12) - The eFFectl of jsolopic substifulion onthe eneray levels and hence

rotational specirum of diaZemiic molecule suchas carbon monoxsde .
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. T - = R f = .
= =e mrm o EEE W - A N ER = » S T S P Sl 5 i e . w i - : L] TN ARALE AT S SE : Pt = .
. o — = , L T ST
i g g ) i s e o —— g - —
- B ekl o — - -
= . i e e I e T e S e —— L S S S S — e —— S Ty v T i e I

'7774' obsewaimn of ﬂws a/ecreased sefaralﬁan has Lea/ 7o 7%e eua/afzan of precise

12 /4

g afaM/c Nefgl,fg. Cg/];am Found 77)8 Firsf #ofaﬁanaj ab.’afpfmn ol CO.- vo. 62
- .

af- 3.8Y235 cm , while That of Co was al” 3. 6.7_,33.7.._4:171-*-. The values of B

- and B dlelermipned From 7hese. Firoures Qre.

.3-8‘/235 = 28 (T+1) T=o (F'r'*'sf 77'0”5}71“") 3
- vy { 16
B = 19211 8 .,cmf.‘.and 8B = {83669 . Cr» _For CO .
We have a}nm.e.affa.fe/}_.__

R T ——— L — R B e e -

vt o il W e = - v i i o o o ST L e &

-y S

B - _.‘."___... .3" IC_...--. _.I;.. = ../E... = [e. 0Y46
y7.

R” 8ntlIc h Z

By = " = - - - A i - i i el i L ekl e Y (i i il 22

- Wwhere U 15 The reduced mass., and 7he. infernuclear _distance is. consid_
__e;.-.ea[_._._une/:anged- b‘y, __._z'SaI'épz‘c sa_b.sﬁfu??on... 7’&.4!(;?!__9 he. _ma.ss.a;:...ax}gen.fa he
15,9994 2™ and thoal of Carvbon —12 _ts _be 12,60 9m/msle we have

mole

bl R el S oemFlEE- w i

3
M = joys= w( { )x%_ 12 4 15-9194 (6-022%% )“

~ ~ 15.999Y +m 'O zzx? |20 A 15.999Y

. ) , | |
_Frem whichm , The atomic weishtl of carbon—13 is_Found tobe Founcl
(’3 .00 O? 9“ e s IO e Ermine: i I L A . = R R O O

Nulﬁ

oo Z%GNQH-@. R.i,gid__.&o_'lhtar i it S it et

T — 1 W o 8 1~ (W R T T

. i

|-7he_strefehing e FFect of the centrifuoal Forces or the bond lensths ., qnd

|- 7P ere Fore on The momentir of inerlia of. a ¥elaling system . Can Firsl be |

. Cafculaled on the basis of_classical behavror . consieler, For simplici7y
a _-5.122,9/&' f&#?ﬁ:’c ée"‘"_aﬁ_.massfm).,}:a faj}'?;_p aréouf.'..q .,.Fz)’ea{ﬁ,-pa/bf. .«//TIZ. Qs? ang_.;
ular Ué'/ac}‘f}r of (). Assueme halal 7he rest, 1he parficle /s a dist_
ance O’o) From The Frxed point and thaol this lens®h increases 7o a Ua/ae

. oF Cr) when The parficle rotafes asin Fro(13) .
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|- Stnce Th € ©net8Y of The lotaline _sgsz’ém_fs h_maah_ap,,_o: Kinefic and poten —.

o ?"mf . enerog__...cml’ia'éuf;hns. 3 _’#,e .ﬂfa,f ._enekgj_.cq.n .bea..wmf#én- as
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#e ?uanfum Vesf'nc.)"fan 'fha'r‘"fhe an_ou/ar momenf'um (Iw) be quam‘.zed

_ a€C9rdf/’9 70 L I(T*l) -E_ &/ /i COnVEJ’f 71“5 C!QSSM:J resu/}'fa Q ?“ﬂﬂjﬁm‘
meehanical result. The Carrec?" allowed enero/es are Therefore deduced &

?

A
L class/cal mechanic

1) {remcmber (L = Tw) in }

T relY
32717 [* Kr? .
‘ EJ- b T(T4+1) 4+ j'-"( T41) e — .(36)

e vy K i

B h T(T +1) ~ A T*Ta1) 4 h £ D
7 gﬁ'.%ﬁ’j’- J I‘F“Mlﬁa‘ & f ( + 32“‘ :R "
3 ey . ) ) ]
EJ‘ = A T LT dl). o h 7(T+1) = . ,

SR *Tm b= | 16rimprsk

¥ K "'" |
-t Terms oF wave ~number (e The eneroy.in com wait .

gy S
._...5_.. In em whea (Clin Cm.s

Eu—— ) '} ]
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A e T e PR, ot

ff‘:s CUsféma)}/' wr,}é ﬂmJ’ express/eon ,e9y (32) Fa}- fhc roz‘a,zﬁmn.fenergy/
| Zevels as s- . e e e e e R

Fay= BT(T4+1) = DT AT+ | o e (34)

where D, known as The cenlvifuoal disteriien cén.sfanf‘ /s a guan?;’ g/
Al can be evalueled Erom SPEC'/'ra/ results and, accordins 1 1he aéwe

olertvation , can be Felated to other specioscopic molecular paramelors
: é}.ﬁne reladeon

7he value a,c: @ is agproXimally & = Ic? cm ana/ B =/l cm 7‘%:45 7heValue
VoF D willbe D =10 '?cn:;l , and ils much less than The Value of 13 _.#;ere_- ,
| Fore The 7erm D7 T+1)% 7is /5noraaf,¢=w a Small values oF T . bu? #u‘s

Ferm will become very important 1t equaZion (3H) chen the values of (T) are

A; ’h oS be S}wwr} m. Fr_, {/‘l) e T TS - — |

,j' jo - - - i
l B nq.'gi T \‘ .. .Nen«Rrard. ﬂb'l‘q,fpt%_,_ e

€8 28 108 128 ~ B 136 (EILE

25 |
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s NT=7F1

-y L - -y i ol Sl T

- The expressjon For The energies of the rotational Trans;7ron

For nonrin/d kFofalor are accoroling fo egtalion(34) is :-

- V.= E ""----F_,- ) = BLCJ'-H)(I-}'Z) - T(T+1)] - DL+ ) (T+2Y —
' T T4 ]

_|polyatomic_Linear Molecules (PLM)| ..

PR T A———— " a Eomma B W - -

_Thre carbon oxysulphide 0CS ,or ehloroacelylene HC = ccl_are consid_ }‘

evred polyalemic linear molecules (PLM) where all The atoms /e on a s #af_y
| Jﬁfldhe anal--ﬂ)ish_@pe_g_zves Simple_spec Tra in The.microiaue realon and as.
For dialom/c molecules e Ig = Lo »2p .7‘.-o*,_,,,and.__Me,.eaekg*/euds.aref oy
- iven by Formula idenlical with €qualson (34) . Zn_Facl The ewhole oF. The dis-
_CUSS/on o dialo mic _.mg/eca/e; app /les e 7#«./{?, o all _/(;:eak*.-- Mﬂ/ecu/!j.# Three
| _PohTs should be underbined.

: @-e- - Since 7The moment of inerlia. For Theend over~end roladion oF (pLM)
/s g._t:caf/_:__ﬂg_m,__ﬂzafgﬁ diatoniC AMolecule, 7he B value wil be much small-
_eF and the speciral lines more T T T OO

u W e o W AW = R |

@ Th e molecule musl possess. a dioole momenl }f il 1o exhib}? a rolalio—

|- nakl specrum . Thus OCS will be microwave_ active., while _OCS will not..

| <& shourd be noted Aol IsoToplc subsTiiulren oose nof Lead 7o a oipole

~MomenT since The bond lena7hs and-aleomiccharses are unalfered by 7he
SubsTitutran .
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. @ A hon- C}C/;'C Poly alon'c molecule con fa:’mhg N adoms has. a/fag Ther
| (W =1) individual bond lensths 1o ke determined . Thus inThe THialom/c
_molecules OCS Here isThe Co disTance Yoo » and CS disTance bes +.on The

oTher hand THere /s .amf‘g_ane_ momenl of ineri,a For rotalion oF OCS . and enly |

7his one value. can be defermined From the spectium ..

R

cule , where Vo,k and re ,rep-te.swfm_e__aé;r.fanc.es. of The afonmrs from 1he. CenZr

| of 9.}’0.0;7‘3 , .anol Thi's 1s _deﬁ'heiby /e momenls ... .

A _F1o(I8) .. The meolecule of carbon oxysulphide QCS . R —

e i i . P i s 2 B ——— ey Sy i S e s s RS e s

| the moment of inerlia for OCS /s

— a— - - ——— e e
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EE
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bY substituling The eqs(39) (Ho) ineq (37) w

— 1 = . i & - i | — e 8

W - -
T T——— L S S . A L = S e S - m - w— - —E N W md R . T MW LR M R e o

e obtarn

Mo (rca +re) 4 Me Cycs__rs_) Mg (V’gs..fé) R e o, socmalblly v e o

MOl’(ij Molg 4+ Metes —-mMeks = Mglhs - Msle .
mole + Mc(lwks) - Mcks = Mshs - Mske ~-Meke,

LN e (Maq f-NE 4 Ms),rc. = Mg kCS' -— Meoleo .

e - oy e

| b4 subs eqs (3q)(Ho) a®ain in €9 (38) we obtam

" 2 2

] P PR S — ——
m— L e i B W R T T PR G e e — e 5 B

. and Lrm y(!):ﬁg.- .suéslfmﬁha*Eerga}gnm_LQI,LM-_cq_u afien (42) we sel .

Moleo - Ms Fes s _

A 2.

B Lt e T S =

WP TR T AL T

b o R e R O S T T T e A

ST TR L 1T Ay UL

b e e S O AT T T e e, e
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o o 3 2 =

R bk o et
@ 1/ 7716 hfa.'bonJ .S‘pecﬁ'ﬂm ofF BPF S'/wws a serjes of eqwdfs?"anf Arnes spa(ed

0. /433 em a/’arf . calculale the yotationad constant B, and pence 75e mom.

|| _ent ol f?'acri‘f"q and/ bendal /éﬂ_g?% 'o,t-' He mofecule , Delernmine 7he watenumbe )

. OFThe J=zq —3J= o Trans, 7‘ on , and Find which Transilion gives rise 7o the nws? il
ense spectral line a7 room Tepperative (fe 300K)

le ...3”_%; . 78 qsaxo-naswqr X 3% o'

(257' 73, flsé)

L2 T
0 K,, ”

- [F-83FXi0 Kem'

2-543%,5%¢ ks

F————

Trax = 5L _ 1 o [ _£381x0 X3 1 T
N 2Bhe " 2 (0.3517) 3%6° X 6.63Xs6 7 <
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@‘2/ _‘/f:g ban /et:g)‘ﬁ ofF (CA/ ) MD/C.’C'U/Q- I's (!* 29 ﬁ) . @ SSron 7118 /ocaﬁ'm
Fob The Firs7] 7hree /ines in rofational specTrem , Jhe aonne tetghls are ;

e

) _ ] -3?
.._z...-:: ﬂf1 /r036X10 X C/i‘

g
oF I P = 1.036%0 X (129X10-)

- omm e a e - e & - = - TR ] = L - mmw 3 = = - — i PRI IR S —— = F—— - - - o s - = B - e W T B nw z = i
e - - o R B - b . E L N a0 T R W W g e 2
- 8

6 o h  £.é3XiO cr_o cec

_3751‘ch +8. 756'>(/-?'2-"IX!;3"QM c.m K?Xlo mse; |

. and (A = Iﬁ.Z,r-.iX:Q ; cm’ = L6 em

' vf:l-—--i-?. : . ZB(.T-H) = 2B/( L+1) - Y[3 e Sl
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