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TDSOI,UTE ITTru.BSD IITIEITBIIIES Or rE8 qr..NrArE IOr
Itr fgls f8rl fSD f,f I"A'ffiIgE ETVIBOil}TBNI

I. IMMODUOTIOT

In the .arXy So:ft of thln ocaturlr raptd d,cvelop-

ncatc la tbe f,tsX.d of, queatun riebrnler Isd to ths atllrqy

sl {atearltlra of, epeotr*r rlsos ln atorlc lyateru. rt
raa real.tncd by E. C. Eortle rt abouf LgA? tbtt slnJ.Ier
rtudloe could be dons La uohEuran BystGEs too and thur
orlgl,netrd a nrr branoh tn thc donela of eolccular
epeetroscopfr Durlug thia putod threo Bapcrs appeamd,

rhlch are putsly of hlctori.arl tntlrogt. But, uu-

fortunetcltr furthor progrG;B rat ohcotscd, porhrpe due

to the unavall.cbillty of hlgb reaoLvlag Bomr lnstru*
pent ra{ laot of c,loer und,anetandtng of thc oubJeetr

Srlg sttuattsu rroatlnucd, tlll the publlcattoa
of thc alarsLoal Bapor by Utteoa and Urllt ( +g ) r ,.a

rhlcb te cnrmEtetrfl rn axtrepolatLoa theo*u (rpreudir r)
rhtab gr"r rn lnprtuu for furt{ror dcvcloXncat. Sl.uoc

thea. ooaddcrable aroturt of vork haa bcea doae snd tn
a ehort portod of tbtrtson yrarc lt hag rcaehed lts
aeolegotnotr

t}l applt eatl,ona of thls ftsld are aany ta
anrabcr. Oac of tho elnplr applloatLons la 1s guantl-
tatlve aaalyeta. r'narytterl obcnl,ats ueually uec the
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Diak lateurlty la tbelr guautttattve analycio by

optlcaL ncthoda, uL!,eh ie condi.tlonod. by tatfimrucntal
faotora and rhloh cloos not takr lnto aoesuat tbc

atruatural f,caturcs of tbc no}eeule. But true l.ntc-
grated brn& lntrnrlty le froo fron lnstruarntal cuort
and I's d,cBeadcnt oa atrrlgtlrral fcetuais of the nolocuk.

Aoauratr *aorh&gc ef, aolcouler properttrr of
gascs ln thc ahoepLarc lg bccoetag lacreao!.agly ln-
portant. tbelr abunoancc and. the hrat trenefcr thet
takes plaac botuccn lahan ano tho atuocphorc gan ba ob-

teincd by tLo atudy of absolutr tnteatltlcs, Uo,fsr-

tuaatcly Lliltoara uethod, fu not appllsablo to tho BtuEy

of gasea at atnoe;&c:Lo Banstrrrc f stnor hla rxtrapo*
latLon thsoron pre.Bpporor thet thc 6aa ghsuld be et
olevated, prcrerroi But uslnt htg[ d.lepcraton spcstror-
eterr tho tatcnalty of, LrolvlilueL rstatl,onar rlnor olB

bc acaatrred. $roh york baa bcea cagled. out Dy trco

0olbor6 gt tI. end Ooortr and l{oructr ( 8, 10 ). Strdy
of thc tntensr.ty of , i I brnrt of nethane rt I566p earl

that of aX,trous oxtdr rlth dry atr as foretgn gae et
7.8 rn0 8,6f hss been earrted outr

It to to bo potntcrt out here that abgolutc iE-
tcarlty d,ata oeaaot br obtalued theorcttoallt, &aOr*
stloal varucs oan oaly be reretlvo ud r*eort to orpcrL-
nantal ncthod ls acseeearly to gat abrolute valuol.
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Itsm trynrtrat tLr,t thmo tro rpplteattanr lr

thr Ortinlnrtloa of polu proprrtlrs of trhr lclrculr,
lbc latoarLty of rbtcrptton lr trttrrlnr{ bf tlr *}natr
la f,lpoh :omat rlth rrr$rct to tltryrLmmnt cf, etut.
drltr3 vltsatton. ff, tBr lrtlnrt tlu of r1l mrel
rr{u ut rtniltr{1 thr iltl*t}irotmt cf tf,p rolrmtr
rlo ttr Omivrttrvr tt.!h nrpmt to lrtrrarl tclurttnrtr
sra br rvr1u:tr{. I! .ilAlt{'m tf tL. rrl. rtuiy 1r
rrilr r1tL f,rotcgl,o rolteuh, th. D.d matr cel br
ttrlrmtrdr thll hnr b;cn rt lrrtst l&r ohi.rf r!.r tf
thtu flo1rL

Itrcrt ef thr uesL Ert hrr Emu {oan t r ln tDr

Srmssa ihrn. 8r*retlr It uer }ix olt.dae,b: 1,.

eon0ramil 1firlr1 r*fnry !'lq$tdr" firtc ts oni of tbr
rrrfy+rnrh" fE rt+Eh t&r rfu{f tar "iira gtcildt0 .tr.
rellC 3luo.
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II. EEEOET

r) IGU gr, Atqqmf,+o+

For r nonoolnontt c llgbt the

1r gfvra by tbc rclatl.oa
lau of, abrorptLoa

s(ur).#*relfrl
rhor.r c((l) ) tr tbc cbcor?tlon eorff,tslrnt Uhtch Lt e
{tnotLon of frrguGnsf of, na0l.Etloa; nl ls uolar soaoiaq

tratloVon8r Xo rn0 I am tbr tatmrltlca sf !,rci.flcut

rnd transntttod lfgbt rapcctivcly. A qurntttl Af r

oelb{ ebeoluto latcgrat*d nolm abaorBtLon coefftel,cat I
ta deflnrd as

Ar. La t^lJ ctar )a

(x)

Ia eoiiurl preotloc 1 tht lastruncnt docg aot ucagurc thc
tmc lntrulty sf laolf,cat and traasalttcd nadl,atlon,

but rourthing lrla. If % rnd f rcpreaent thc asturl
vrlura of, lsteaelty of lnol&ent and trananlttei ladtr-

atl,oa, e dlffcrrat qurntLQr Sr, ealhd. rtrr1]aa.nt lstc*
gretcd nolu abaorptloa ooefflotoat Ls deftacd, s,s

..L
to.l Jt+.xr.^,
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Br.t [*]u*,
ft lr rbsra tra fppcuitlt X thrt Bl r lf as al * Or So

f;rou c mrXet of, orperlratal anrruroacatt lG, B rt dLf,*

fl8rri rrlurs o,f nl itr0 tU rrfunl}olrtlle to rero aI;
tLr guritl,ty It sl[ br abt*lncd,

b) Llrht gg[ ]tettcr

Ss mlatr Ar to tbr poler propantlcs of tho

nohaul.cs the lrltcreetlsr of, ltgbt aad. nettcr oa thc
barts ef qurntun urohrnlot Xm to br sonddcmd,

_o _o, no :or'ct ! or!r;Tr*lo rnrrrct.at tLc rBY.

fiuotioa of tLr ;tatlmrqp rtetm la an unpcrturtrd
rolcoulul tyetcn. If, tt la rubgrstcd to thc pcrtur-
brtton of rlretronagnrtlo ndlrtloas tbc rlcotrts flrl{
actlqg on tbr rolroulrl t&toh ir ths slnr t,a rrr d,!*rso*

ttnae rlnoo thc ratl lrngsh of, r*dlrtlon t r tmgn oof*
pamd tp thr rlm of thc lolrcukr 1r

E' r etso(i ) cor (o t

If f lt tLc Eulltonten tor thc qnFcrttrrbe{ tyatm,
{rLr fiulltont ea for tbs eotual rlrtrn tr -
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f,+Et

*mr

rr.Lf.J-,
?

SSt t, h thl rhniltn {n tilr ,r Fillalr rr0 r, *r tLr
r ffilonrBt of &r {r pfilolrr

ltn ntlr funJtls,of tLr prtutri rlrrtol crn !r
\' ,._rrgnrrrl il r i.lumrrcilU*aall*n of trynrturbi{ rwl

frlstlor

nT * 
[1"(t]*:

rilrrr both { uf ,9't" ** rmrdlutr lod tlm OrDm*

{e!t Sllr thr cert*ls{r*tr rm oll,f ttrc i,rpu0ontr
lhr tcrffiofratl arr ouoh tlrt ttrf rettrty tbr rrrr
rqurtlon

(f + s*1

p qurnffi rmhrnlorl n*ler{nm
{ll , "n. 7or)

r&A

le h'1n'tr

* r -r#'r W

lt aru Sr rhom thrt



d* (r, I
+) )rr.(t) * (|r)o,no

$)

rten i *r thr fmgB,ia$f rf mdkttroaf i ,rro, lr t&*

let*ral frqucaey of nahautrrr ryctarl en{ (p")"ro, [.
tbr nrtrlx rlumnt of d.itrnh rolrlt. Ia thr cem sf
rbrorptloa, tt ta thr lmoM tcn lrbat lr Lrfcrtrntl
rhilc la tbc 6Gr. of Lniluoril ralreloa thc ftret trrn
plrye thr rllr rulc. so tbr pnebrbluff of trrna!.tlon
lr obtetnr{ b, rnltiffft.Eg rgurt!.on (A) vtr&out {ahc

flrt tcm by lta cor,plrr eongugntr rnd utltlrin6 thr
nrletloarLlp

6.,r r - fi*,*qi*

r"*(t) tr(t) . +(fJ;?;, 
I 
o*(n )le

&l,a rrr)Fossiou teror tnto ooagld*atloa onry ci,ng!"r

f,rrqucaoy aad Lt i.a ncorliarrr to br tn ooafornlty rft&
rstual practLoe; tE latcgratr thla ovo! a frrqurnoy !.n*

tarnrlf urnetl,y brtmrn + oo s6 - @ . IPr() ) can br

fit( )

ruk(d-r*r *i )t
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SrIrIetrO Ef ,e*t.la,jr} d*cr lort of tbr ooabtButlon
to thr illtrgrail oatm f,x*l tbr frcquias! lntrwrr smr
thr orntml frrgurncyr

l

oo

J3*. as .-Ti

r.rt)q.(t)-S!Vjr,,
8o

lo* (rrr,o.)rf

hr
.

I ,P- {i 
"*e,}f 

8 r

thrm f <l ) k rlrrur fmrfWl 8e *Lr tsrnr!,tion
lmteDllity gcr udt tlr. bcurr

# t6),.?., f ea r
'i

gt"soa nanrtl.oc prrmr lrtrsucl tLr rohculr ln rl,l 6t*
rrottoasr rrpr.rslenr ftr y rail r dlmcttrsar brvr rlrp
te tr soartilr.nrd rLleh lm rt!,n!,lar. go
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1'(r) 1(r) , #, [It]lo?". . (lp,,:r,

* fi.),LJ : (, )

Ifrrtr:fr Eea"rl.tlsl prbrH,Ilty 1.

tEr 1r S rlfrrt cil r frl#.th ntut"-,

a* t }*rt

fil

(r)

+S ltilt ir rxr}rbl.ff$ rf rlretptLtr ti thrrlr. lt
Fltrtdt fnbrDttltr cf |,lCmei mkrfrrr

&r 6tl*rlm i.r th; {rtrnrltf rf ndlrtler prr
Frft tslr rqd prr untt tlr. trrmmtng r pttr lm5th I
t

tt rlmlt,rl ntrrtrl. |.r ( 5oi B. 152)

.6'trreICf (r)

|hrr mu tr r{Ixprmc ll trsrr ef nr,nrtrln tuuuitfm
Itrrlrltll'tf lr0 e rrlrttrmrbfp brtrrra tltr;rrfie fu*
nmrrtv Eo (Eplaq1 firn tr rrrtrlr* rtq

:

I
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4lrotDtlon of nrdl,rtion by tbf rolceulr lrrultl tn tha

dLragl of bot& ptrttonr.I ra0 vtbmttonrl gulntur

lrrbrr rso ;e tt ts Erccr*rrlr tq nu tba lutraatrtr ovrr
I *l guch tlruttLoan. Ihr totrl urvr fuastl,on of, tbr

lokanlr crn br rclnmtr0 ilto vtbrntioarl 'rn{ rotrtloa-
,i

11 Iruts

'! r "l't* a

tlrrl' . f llo t,^fn, F, ^r.-, *nn l'
T

", ' I F,6,r
3
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X tr*l l.*,, yo'u

' Z Z X f**)r,"*Fr')r,r'( fr* )8,8,( ![rs')*,*,
F8d',

Iurthor mduotlou of tho trpmcstoa for the

latcgratcd 'latoneLty rhteh rouLd bc obtatncd upou, sub-

rtltutton of thc above rccurt la tha fsluula at thc top
of, page rrt rcqulrer souc arauBtloas absut ths arrnnrti,on

oyer aLl rotrtlonel linrr (Bt * Bt) J,a tho Blvos
ylbretl.oa*rot*tLsa baad,. It haa bcen chera (gO, pr 16+)

tbet otr rceouat sf thc nernry clarrloal aature sf thr
ilLatrlbutloa of aoleouhr anonget the rotatj.onaL ctctctr l
tho i.ntrgratc6, J.utoarlty rftar srrrnotlon over ell
rotrttonal traaeltisar rf,fcetl"vrly alloue oao to rr-
Dlaoc the tru of rqumcs of aoaponcatg of p fn
leboratory exra by

Z r')"''"
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lhls dsrl.vetl,onl rhleh is apBlleable to a s&sr rs alao
epplteablc to eolld phaser DrtalLs are di,souseed. tn
Appradtx lft

["(,1 )d) -#(fn"*Bn,)[ (F,,rl",,
)

t

E t, r fuaatlon of asrunX. ooordX,nates aad oan bl rr.
pcnd;o ln torur of nolual Eoord,l.urto in a Eaylor alrtla.

'*E.pr(Q1rQ2r*$n*)

il-,ffio-[ (tl rr*t

%axgr-r
rt rhotrloel asharrsatetty ic negleotrdl tcrna bryoud,

the asooad tn thc Ebsre o:rpeaalon oan bc negleotcf,. so

(Pe)r,r* 'J*r, (rOr,. t
s,fr,J *t, *v* il(

(W"!*'d..

.(Hil nr,*

,qt'o' a'(



rrfvr**tJI-*r1 *rli

i

rl r, o Ef,lr ilrTllttrlif,* ,r ftmrnbrl, r!$ rT t e r&r{lt

*e *err eq*r Ir.|

rrHoTsr';urel tpur Itl
*tao pilmr lq o* srq f*pnqrry !*}.taTr;r*ftrr .ql .ii

*uo?*arlrotddr rc*fttrTrro trrildnrq rc rr{lrlsit rrnTlfa
tml eqS tr! ITr1r rf .tq .lfimr m1rnnrl r3 ffitrrtm .*

l1rrnltoo Tru,fiEilr r[t, rq+ od glrfrrgrfr.{ I ruollpur{
arqto 1p 5t Innmlr*l rri* rt !s drrrJn? rr Imr rr sr;

I

[0, - *a).tvre*'*

,(m) I (r * rr) (**f, - nt) 
tr - e?(e), fi

. ,.,.

I IS firfTp * fm ;r tffuilt
1

;

.;
Et



r\ e(i )an
)
brn{

I l:

-*tlHI'* [[;"){Er
-blrlr&'*r) ?-. ' I (v'+l)

'w[lHI' (5)

t

It Ar la er dcftacd, sr ia cgruti,en (f)

*f ffi [/Bq/'(6,I

It rar Botatr{ out !.a tbc latroduoti,on thnt fron
tbr tgtcaat ty lrarurcnrst tbe dlpols aonont d.crtvat!.vr

rltb reeprot to tntrraal eeord.lnatr san bc sbtalncdr
lrtth tbc al.d of rguattsn (t) tt rrX,ult caa bc obtatnr{
rld fron thrn ** r*Lu:r oan bo dertvcd,.

tror.natr aBA htom'aL ooordtrnataa arl reJ.eteit Dy

thc lLucar traaaf,onetioa

t-f (e-1)\Yt
3

k:,,

t'E +t.*
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But )-k
EYt

-1?-tLtkt ao

*'I Bk '*'rt

8o to dcrlvo # r*uta f,rou 3t ta ls aeooreary to

kaorr the rlcncnte of L*l natrlx Ead ta a later geotLon

It l.e d"laouascd hor tbey efo ooeputcd.

Unfortunrtely the oo*tlattoa of thLc guaattty

BS ** knora aolcaular Bropertica hae boon yery ua-

ratLefactory* It hag aot bccn posalhle to latorpret

# r"tuos on tho basle of fLxed cl,eEtroate oharge on

tba auolcuc aad. tntcnatoulo dlstauec.

o) Shaps end Intanatty sf Isfrared. Bend,e

It ls orpenlacntally obacrrcd th,at speetral

tr1nos ln the tnfrslsGd have a flutte rtd,th. Sharp and

rarroy llacs oan oaly be ogprctc0 !.n thc oaac of en

{goLatod usd,tatnrbed roLccule, rhleh ls an ld,eal G&8or

&c bnoadealng ic oausod by (f ) DoppXcr effeets (2)

radl.atlon danplngr and (r) eolllsr.on rlth tbc aalgb-

borlng molaculcg.

DoppLsr effeqt oecure rhen a nsleoulc la novlng

pmallel to the d,l,ractlon of proDagation of radLatLou
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entl gJ.ves rlse to a frequeney shift, Doppler half
lnteasLty bread.th le glvea by (46, p. 42O)

#. 116?+.rry
rbore k)" lo eaatnal f,rcqucnoy la cr*I snd p ia gren

lolecular uctgbt of absorblag aaterlalt Aaauntng d o
to bc 65o cr-I aad p to be BO g noX,o*l, norks aut

14 -1to bc 1O ten *.

Satural IX.sc rtOth, lrG. ths rldth due to
radlattoa dunplagr arl.sca beosusc tb.c energr levele of,

a no].eoure are aot aharp but &l.ff,use, xf a traasttLoa
betroen tuo eno:ngy levclu Sl aud E, ta conal.d.er;d, sLnoe

thsse ctrer$r LevelE havc a fi.nlte wLdth A n, enO A E2r

the oorrgapoad!.ag epaotral ll,ne r11l bave a fl,alte nldtb
the half Lntaurl.ty wlflth of the Ltae ls the aun of, tJrc

taLf lntenglty bmadths of, gtates E, and E2r If, the

nolscule etays ln eaergy level E, for an arroragc tlnc
tl, esoord.lag to the urcortalaty prlaetple

trAr, . {

1L can te loohd upoa ae the rate of opontaneous tran-tL

rltion fron itatc n, to aay louor state \.



19

a72"2 fif; +drt2rro
\.

uhere 7rO ts the frequeacy aad frO ts the osclllator
strength for the traasltion I - k. tf " Art and

J.

slutlarly * * Anr. $o tbe haLf tntensity wtd.th ofu2

the Llne shouLd be

where L ls a etate lower J.n enerry than Er.

I rrr2 r* . [l ztztat
kk

From thle
wLdth d.uehalf lntenslty

(14, pr LO22).

Al rAo
x

for a band of 61O

which ls lo-7cm-l.

-1 -1gD ^, thls can be converted, to GE ',

$o the wldth of a llne d,ue to Dopp).er Shtft aad

Badiatton dauplag le negltglble conpared to the observed.

uldth, which la this work hae varied, fron 4 to 2O cm-l.

Ihe nost J.nportant source of broad.enlng 1n tbe

lnfrared. regioa ls due to coLllsloD or e:rpreseed.

I.!- !tI

Alyt'T#

equatlon Lt i.s estlnated. thst
to radlatlon d,anptng ls LO-4 .[

Rememberlng the equation

(r,
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othrmtrcr perturbatlon dur to at!.6hborl"rg rolocullr.
Iorontr I r tbaory of llar broadrnttr6 (40) rrhl,ob rrs
&rvtlo$rd to rrpleln thc rbtotptlon of radlatton by

o;otLlrtXag rkctroaa r san bc appl!.cd to a baruoalc

orolllrtor. It b*t bran *lstrnc{, by Lonmtt thet thr
orhntrtlon of tbe lolaqutr"t rftcr reob oolLklou tn
rla0on. But returlly tbo tohoube am orkntod Ln

ruob r rty u to hrrc lor mm6r la thc fLcl0, Tryrflrok
rnd Usirkopf (44) hrvr teken tLlr lato eoarld.orntLoa

and. hrvc d'rrLvcd r rltgbtlt 61f,f*cnt rxllrmlton for
th* Itn* ahrpr. [rvlrthchm, tbc lar*atr lias rheln

frtrthfulltr dcecrlbrr tht .nergf dirtrtbutlon ln tbc

tlrlblc aad, lafierld mg!.oa rham tho natrrral fnrquruoy

lr lrrgc €onlla!!{ to tho llnc n16th.

Itopcqtr l.lpp Sf,nf,,. I.,rt 4) bc tLr rpplkC
clrcuhr frquency rn{ 4lu trEc aatural frrquracy of, tha

orstrlletor. If, r and n rrr thr ohargr and uer of tht
erolllrtorl ltr rotlon cla bo dccqrtbcd by a aocond

oldrr dlffmaatl.aL tquetlon

r(ii + ,o'*) . rscorart

tJLon r f,g a?car6fd ovrr rll thr nolcoutr"rs r lt rlll brvc

tho valur

i . e E kp(f ftrt) + \ A nrf(1, uf) g)



r r cl Eqp(ta)t) + Ga nrp(f dot) * 
", 

Ebrp(-1{r)ot)

(8)

Supposc at a tilc (t * e) ths ogolllaton hao orrBcrl.*

raecd a collLeloal tbe auplltude af,tsn aollt,etoa i.e

detormlnrd. by tho varuea of x aad * !.nac&tately rfter
eollict on. Posltloa and vcl,ooity of oash osor.rl"ator

rfter coll.X.sloa a:fir dlffcrent and cer assun6. aLl
poesi.ble Yalues' 8o t . I . Or nhj.Oh *r.r eotual,Iy

tbe averaged, valuca, av€ra6cd L! a.p&car

*, . oet EEF(r(r)t) *@o"e erp(l(^)ot) * @oe,

Ior thc dlffcnont!.al
can be asaurod.

el

equatLoa the folloul,ag solutioa

.O

*0r

+rrp$f@ot) * O

r r o, rtqp(f@t) + o, &ry (f cont) * o, Erp(.f dot)

SubJeot to the cbovc bouad,ary eondttton at t . t
the cocffLclcats o, aad @, arG eoeButcd,.

ee . *c1 rbrsr{*C"- ro)l W
o, - o, kpftf.*.,o)i W

Subotttutlag Xa equatlon 6 )
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!r

fhta rrprcagl,oa bar to br avcsr8td ovm tl,nrt of leet
gollLstoa. &c d,k$ltsutloa of astllsLou fa ttnc Le

glren

D(t).+ **/r ffi

rhcso a(t) l.s thc probeltllty that a nol;culc efter it
ber nadc e colrislog r1ll rakr s[other corU,aloa aftcr
a lapee of tllrs O snil, ( l's tho araa tlno bctrean
oolllsloaro 8o lt t&o rrprcaeloa (9) haa to bc

avoragtd orcr all tLc tlse oi leat ool,llcloa, lt hee

to be mrltlpLtcd by the probebt lity taotor aad !.uto-
grated fron o to @ . EquatLoa (9) san be remLttoa ar

(A^+a

or Ers(icrt) - or o.r[lc@-&)o)ct-oj B\E(r@or)

+? * Br 

Nf,u)+h)o)tt-ef
hp(-1@ot) ?i6f (9)

r .,jgn. f ^^.r r B,|r - .1iry 
I" 

ooc (@o+d)e * !. rr.a (

0)+A f- 
"d I 

oo8 (q)o'd)e + I s'|'n

,:}

il
)eQ) o+A

c = "1 
E*p(itO61
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-IrO
b) *d

- azc['
I
T ( cD"+rD ) . (+)

tD+(io f 1wtz
++(

llho averago valu6 of i has alao b.6n gxX)reos€d, 1n a
d,iffcreat forn ln cquatlos (7), tn rhLoh thc coeffLclcnt
of tbe real, part le tho auBlttude of oscflratloa novlag

tn phaao rlth the lfgbt wave and. tbe coefflsl.eat of,

lnaglaary Bart ls tbe anplltud,e of out of phacc

ogatllatLon. osaltrlatioa Lad.uoes a dlpolo Eonent ln
the aoleauLe aad tbo Lr phare aad. out of phasa coaBo-

seatE of dl.pole a,ref respectlvclyl E and, be.

So the laagtnarpr part of, equattoa (fO) rultlBlLed,
by c gl.vea the out of plrase eompongnt of Lnd.uoc& d.ipole

nomcat. l[he i,nagX.nary Bart X.s

B.r.,'f["t-{&-ffi
0r t r thc out of pbaoo somperent of polarlrabl.Ilty ts



c' '+"#h&-&]
abaorptLon eseff,toient sen be Ehorm to be equal to

o-\bAl .,r E

. atrpt lLtc-ad, 
W

(t)o* 611' +
]

Shls srprossloa has been derlvod for e cl.assl.e

orctllator asd to ad.opt thts to quaatun aechanl,c BA86

,2,/r h"" to be reptaoact by W 1fUl2 
! U whc

ls the natrlx olcnont of the traasltlon mongut.

/urr

--tz'll+:o*l 1 Frrln, -

rl*=,72 _l(J)rr+/))c. 
(*).J

uhere elrcuLar lrequeacy has bocn repX.aced by
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[stunr], f,irgueaoy. Ia tbe oaac of isfirarod abgor?tlou

baads rrbsre tbe hal.f, tatcnrlty rldtb tr suell ooupasc0

to natural fncguensy (1.o.s ,#<<rtg)r tho aoooad

torn orn bo ne6leetc{' If I r l' + I

l *,,1'';,fry " (Bt)' (vr+r)

*.Iry;U Gd'(vr+r)* rrr (rl)

Strrl'i:

rrrr#
t a thc rhepe faotorr flre cxpruroi,on uecd by Emmy

for l,ceats 11ro ahapt lg

laro. I-rffi
rhcra raf en& rbl erc eoantnntgo Oouparlson of tbegc

tro a{prssgl,ons lodloata tLet rbr can bc rotrated to

#f nhlle tat tnoludoa r f,roqutuoy f,actsr aud fr
netrata0 ts rbf. Iatcgratlry oquattou (Xf) botrora +oo

ead *@
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+oo

/Ar tP G4)'(v1*1)

Gilr (or + r)

lu rrJ al
-o

.It J.e to be rtaeabered that thlE expreeolon bae to ba

aunmed over all transLtlons, pertalnlag to a uorual.

ooordlaate, i.n whLoh I anst J d,tffcr by 1 and. the re-
eulttn6 oxpreaelon rl.l,1 be the aane aB €quatloa (5).

Ian:Ilcck g$ I'Jelakgef. !4pp SgEg. Ae hae aL-

read;r beon poLatrd out l Yan*Wock and. HcLakopf do uot

ecsuae tbat tha poLard.satlon of ths nol.ecula aftcr
eolllalon ls rand,ou, but orl,eatod euoh that thslr cn*

el6tr ln tho flolil Ls uLnr.sun, tn aeootrd.anee wlth
Boltzsann dlstrlbutl,oa Latr.

the anorgy af tha eysten ls gtvoa by

E - ? (*)a + $ (aort? - ex E eos 6)t

So the average value of, x aub{oot to tbc above Eond'ttLon

Ls

Xr
E. ooa lDt
TryJ_

x erP(*S/191 dx d*

JJ E:rx,(*s/ks) ac a*



Eo ftr rrfla;;foa f,olr * rfff Lrvr rn riiltioart tcrr.

i

:tf r ff.rffrr pncoftlrm rn ixpu'rrr&u fbt ttr srtl tr
frrtffil ruA aoariqurntlg Jlr t;

?f# r*

lo*rl' . #,q; (3'0'(v'+r)

n.g(c (r1*r)(*) '
(, i'-]A

ffi

rJ:,
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r.,. !-+.+(BtI

, T,#14

6n*r)

a-)

+e

L
{e
T*?

.s

(Br,
+@

[_

/-tt,

3.1
Ou

la,
(11x-i )

t&r Wu. rhrorgtl.on
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nbrrc rar eBd rbt ertrc sonstentg. thts roul,fl be thr
ocrc lf tbr rcaolutlon of, tho opactrograpb ta !.nf,ialtcn
8ut duc to thc flotto roaorvlag Dorrr of, the lnctnunoatg

lrt'r flaLtr rllt rX.dthl thc tntr ebporBtton bcnd. Ls

lodtfto{.
Uhea I spaotronttor lc r;t to trananlt a

railtattoa of f,r*gucaoy I .r lt rcturX.If Uranrlitr r
froqumoy brad, l^urtra0 of a elagh fmgurnoy* l[hc sh*p*
rlld ditb of, thir biltd, drpraila oa tbo rldth of thc
ratreaor anil lrlt rllt. rf thr rlltg ere lnf,rnltrty
rlllrorr tJrc cnrrgy &letrtbut!,on ln tLc tranrulttcd
ndlatloa {t E*rcn by thr dlffraotloa functl,sa. But

ln the t-sfrerad rcg$on thr alLtc ara uj.d.o ea0 ena of
rgurl nldthr ra aooftloa tihc rncrgy of thc lounor p.r
freguraoy Lntrsvel verl"c* atrorly aad ao a trl,an6u1ar

rltt firactl,ca f&tthf,uJ"x,y nrpmrcata thr eanr$y &lstrrr.*
trutloa ovor thc ;l.Lt. SosetLaog Gruaalag trrror
firnotlaa has r1ro btca rseumf,.

&lcurt I roprurato,th rarr6r dtatrlbutlon over
thr a].ltr rt*r B tr thr cBcotrel cLtt rldtb, rhtoh i,r
tbc rur sf tro f,aotom; oro ortmnlacd by nrohrnloal,
tltt rt dtb and tbe othor by llaltlns roaolvl,E6 poyra

of the r.nrtrtrent, Sor * gtwa fmguraoy rnd for e
glyca reEhenleal slLt rl0thn Lt l,s 6fvta by (42,lp. I5t)



i'

,o

L)o-s

frenr f
Energy Dlstrl.butj.on Oven''the Slit (Etdt) of a Spectrom-
eter Set ca! a hequen"X Q,o.

AI t ial '. 41*

f(r)

{ * ffitrmry ** rr*1
l * rrfiittrH"r lxf.* rt frrqumnlr
a r lrtr qilr *16l,r

t * ilrr;mton nf palr ntrr{rl
{rQrrlttrlrilh

f r foorf frnfilh
I * lrtrr frr.

f(r) [r n finotLm vrrylng eror etout
OtgluBrOtoOrS

r*r I or*l * +f[nnturar.l
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llore eonvenlcatLy, the sBtotrrX. sLtt rtdt& ean be

obtai"ard by

A). 6o . Iro.r *

&o vnluco af {rn roit AJo.l rc rce0 frou thc 6raph
la thr i.aatruotton nanrul provlded by PcrIl,a-Slurr
Oorporetloa ( 7t, J'lgure C5) .

llht ramgy d:lstrtbutl,on oror t&e ;llt ts en

cvon f,uactloa ,f @u- d en0 so lt oan be repromntrd,
le f,(l, o-roL t) and tt has the follortag propcrtl.rsr

O uhrn to 4 &) o**
O nhca tD).- b)o+;

(tD-&)^+e) f(Ors)
#r[,cutt)o.,a

13nl,3itl, :to'"1
" - 

rhca uro+s

xl&Jo-o|, r) ,

:It to and f rcprceout
rrldEnt and traaaulttcd

< cL, * tDo

I
s11

the epparcnt iatcnaity of in-
ra{X"utl,on

tqa0 u- @1, r) dito' s1
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fB. 
J 

*oep(-as)f(ldr*a.ll,r)a u)

gtr.t

rbcrc 8r; lr tho caorgy of the souree, uh:loh ts oonetant

ovor tbs aamox froquoaoy regge adn{ tted by tuc gJ.lt.
Conccqucntly tho transelttanee ts

Iq'
I tilU n- 0)f ,o) a h)

sltr
rn thc ea6o of a trtangura:r gllt fnnotLon the dcnoufn-
ator i.E nothlng but thc ar6a of the trlaagLe rhtoh lg
cqual to ef(ors)

If a Loroatlan llno ohapc J.a accepted.

{nl .lnt.

8o

ttI

%''
kp(-ffi t(Ur, - Dnlro) d, h)

J 
rt lar -a)o f ,a)

rrp ( -arg ) t (l L) o- (iil, *) a to

- _ slrt

ea)
(le)
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&ll cguattou tnd,lsattt tbat tror thc rtmrtt rbaorptfoa

baad, tha rpDaro[t abaor"pttoa bend qen be ooustnrotc0.

.Arrunlag rulteblt ralucr of a; bq nnd rl bX atuorlorl
:lutcgratloa thr vrluc for tsfio rt a pertLouls frc-
,f,uaaoy oea be oonputre, Scpeatl.ug thr oeleulattsn for
thc frcquraey raag. corrr;d by tlr batrd,i tbr rpparcnt

bud oaa bc sonrtru6tad.

trf, rn ehaorptlon bea0 le etudiee at vcrlour rllt
,rl,dthc1 i.t lc notloc0 tbs,t tht peak latenrltlr Oconlascr

raf, tbo tpllrrcut halt lntrnetty rtalth !.neroas.. l8 tbr
rllt r{.{th Ls laercared. $o aa abeorpti.oa band,

uhrther truc or ippamat, can bs &crorlbrd by thear tro
par.rnrtcrt lgr r glvcn alt t yt{th, }or an eppartat
'lornil oofirrltloa0r r true band rhtotr aro rcletod by

equrtlon (fe) threusb thr rltt fimqtLoa. Sol for a

6l.vra ;11t rd.dtbl thsro cl,e f,our i.nte*rlatod qurntf,tLaq

tbc tluc end eppereat prsf i.atcnrlty (f.u (Iu,/I)r*=r
lrl (tolt)o-) rnC truc rnd rppamat hslt tntcarlty
ntdthr ( Afl ffidt A)t$r.,&aud.s,6 e truc pork 1a,."

taarlty rnt beLf latrnslty rldtb fsn a gLvcn rl,ttn by

tha bolp of oguntloa (fal r tbo eBpamut blad, ir oon-

utruEtr{r frcn uhloh ln (!u/S)r* *A A)1 ean bt
$rad. Barrry ( l+ ) hea qrar!"c0 out suoh Ealoulattoat
nnd hre tabulsted fsr d.t fftmat vnl.uca of S/ Al tfi

mn6!.ag frol O to O.65 ard, for d,ltfmrnt valurs of
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log (to,/8)Bax raaglng from 0.2 to 2.0, the ratlo of
1;rue peak lntensity to epparent peak lntensity arrd also
'bhe ratio of apparent haLf inteaslty wldth to true half
i.ntensity wldth. llhege tables are helpful tn find.tng

l;he absolute lntegrated. latenslty and. some new methods

have been d.eveloped by Rameay. One of then ls d.Lscuseed.

in Appendtx I.

it) Ngrnat goor*tnate C+lcul,all.onq I Gf l'latrLx

One of the obJects of moLecuLar spectroecopy is
the computatlon of force constants. Absorptlon of ra-
dllation by a molecule takes place during lts osclllatory
urotLon aad. coneequently to obtain force constaate

secuLar deteruLnants have to be solved.. [he size of
t;he d,eteruinant depeads cn the slze of the mo1ecuLe

and. thelr soLutlon ls extremeLy conplicated. and ted,l-ous

ln the case of oonplex molecules. A simpler techn!.que

has been developed by hrlLson (48) in which group

t;heory is empLoyed. Cartesian coord.inates whlch

auguent the sLae of the deterni.aant are d.lspeneed. wlth
and. lateraal" coond.inatesl ir€.1 the band. d.istaaces and.

b,Bnd. ang;les, which are fewer ln nunber are introdueed.

A. knowLedge of Wtlsonre method. is essential- Ln calou-

latlag normal coordLnates.
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Bafsrr Brooccd.lng to tbis nsvrL ncthodp tt la

aoeorsarlr to consj.drr brt rf,lif tbe olersl,Eal uothod.

It drfLnot ,son6 of thr ooaorpta latsr used rtr{ at thr

ia!6 t!.lr syotmetlror tho Oevrtroplmt of aub$eot

rrttcr.
A lolcsulc sonalettag of I rtonr hrt ]f, degmta

of fmodon.' A grt of aoortili,natrs 0lr e2 * fl5gr

orllrrl lerr rrlgbta{ aeort.tnlrtcts oan be cboarn t&tcb

5fvr tbe d.tsplaecrrat of etmr fron thcts retriltbrlur
pee[tloar ,l[Lcy arc rtlrted to 0rrtrslrn flleBlaetntnt

ooo:rdlnr,ttr by

{t1 .r{ rt 9A .€ f= ....r.

Conrcgucatly llnttla oa;:rgr lc

zE t* {re
kt'

(1r)

Potratfal oncrgtr 18 r luacttoa of dlaplaooueata end

gan bc rxpen0ed lu Saylorra sod.qt l.n tcrrs of, qrl.

?Y*2Y"+3 E+
eqrfi; er.ss + EaYE; 8r. +
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Arrurl,sg tho rco4gr of thc rolmule at cEu^l,lltlfu
porl,tlol l,r' llro .oC r$ratlrg ttchrurlsel u-
hrnontolty

s**i

(rrl

lcr lilrlr rtfim{ f,il,{rlr r*m,}trnrotrr {lffrrmilrl,.':. .

rEuattear r, rolutLgr of thr ,folr :

. qlifucu(lt+f) , 
;

(ls)

orr u mm*[ srlr 7 * *li8l &q, wtrtttnlrns trr
qJ h rqrrtlon (1r) e ect of rlrultelrsrr rqurtlonr
rm cltrlnrl

..&t5+ / -lrrn;roT;r

.il"
r?.) r$1115

Tr
;erssrucfen ;qurttoa of rotlm e;lcrtDfll8 thr o*ctl*
,latosy mttou {r

lilubrtttrrtl,a; fsr ! eo0 v, fft$r

f{, *

3t*ft-o (r*1
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r
) (f,r, - Srrl>r, ' o

T;r
Slnsr tlr qDl*tpir rboul,{ trvr mn$rt*}' mtrtrtl,ru

ttr irturlnrrt lf, ltr *rffiu*mtr .bmto fr *.r,
&l.r confittua $rrr ri-r to the f,ollor&6 rrfilm
drtrlltaratl tfr rolutnta rf rblob glvrr tlr toror
corrtentr

frf, *1 f1tr f11 rt{,rt.}r tfrn
tAA -l .t.l..t..t.r te;g

'wi" ' 
t,r r r:r : r 1'.1". fnr# *l

tel
t
I
i
i
Itt'I
f't
It
tI*
t

rlr+

rO

$r rlfilmtr rtrt $rtm trl'r, tl tbr trprton
for Lhrtto en0 lntuthl anrrXgrl l Bou ret rf co-

oritLutm mll;c, uanrl rmrAfonr.tfll'ttsr lntnfimr&
It 1r rlrryr llcr*.filr to rrft, * Ifi&trp slrrrllrrr$on
ct rrg ml$td .ffi.{xnrnr tr lolld *ro{llrtrq
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?

qrr.f rrrf,r.Jrtq
lr

lhr orfltcloltr rrr ebrera ruL thrt

F

9", i
\- . c C.Orfr,o'BJl
) r','r''''brr G*rbo{
&;- \-rsmrr

E,

_E'
8!r ) L'tr

\,

-fl.-
ztt ) ).ttr

Snh*ttftEfut cf tlrt. rrr qpffirifr[: fEr tlnotla rsa
ptmttrl tr.rry ir lrffiCra rquettror ;f, rnttrn
rnltr tr

' .. n I
* + A t ro
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fer rfri-*h r solutloa of, lEhr foru can be assumed.

k . trt* oel (}fits * €'*l (r7)

oAt* rr thc crnr m X uerfl fn oquetloa (te;.
Ia tlo abor* trcat'rant potonttal cnsrry hsr

baen crprcam0 La ttru* gf, rt tLcr rcrr rrtgbtrd or

nornrL ooor'Ar.artor rhtoh em .sscntlally dLeplroc-

acat ooord,i.nrtm * Sut to slprosr potrnthl enrrgf ts
trrms of tatcrnrl osor0l,artor lg rerlt acrnl,ngful au{

thr fsnot sgsttaatc Corlvcd tbertty hnrc e b;ttm
lfloanoc, Bnt Llnctio ra*rgtr a, usuel1rhlrtlc*I slgn

can bc eoamnlcatly oryrmmrd l,n t*rrr of Errtgrlrn
Olsplaecnertg.

*ttr.e

Sy e llncu tranrf,oruatloa tatolsrl sooldlmtm (Af)

ean bc mlrto0 to 0artteLna d,lsplacancnt ooord!.mtru

. 
*Et

Er . ) urr-r
fr

f, . 1 {*.r!} }H

A rct of qurntltlce OO mr d.rf,i,nrd ee f,ollorr



ro

tr, tr,{

i ft itn * *orn srt tlr ttrrtla anr*tf lr *r1ehi tc

i, *ffiurrt' mg{lrrtu l&rmth'lhLt {urnti'{p lnt !e
.: " i

ilfl.t!fuf I t r trftr B L lrflard

qrnir, fr

D l[*o*ll
ft lr rf f lrlr,lrt thnt

ldr#q
nffnrrfn8 i.t ia rrffix lrrtnnln

t r ll#.ll
I

ry.e.q 4rl,h I totry,lttrlr ue thr trupm lf
li dn bl I fir'rrird,r rrl'&r gtirduot of Smr tro
d.ll tr Jmt tLr lntrltatr, pm0uot nbt oh t.; notltbg balt

2t I 
ll 'll 

' 
ll oll

-.U,-
,t- ) ta-r

TEr
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Lr ) Lrt{..

TIT

rLm q.' rr. {rLr ;lmrnh of thr nEtr D lr

ll nll r ltss il

ltrtltr D rrtttra out tn r*trndre folr

trFr
larFt

aJ*t
a*
J
I

br-c rFr

Dr

Agpnntfy S fr (If,
cra bc ru6rntrd to
Alotrg 6 mnetttolr
rematun t

I . lr2rL ... i (rf'6)
j.:,i

:l

er* qt

\gru rror.tr.rirrrrr tr1sl
hgff rrro.tt, r'i.r.r Eal#i

lrr-s eh rtrt" !ry*o *r
!t*6) rrttengulu rrtrl- rS tt

(tfr ,[) rqurr. utr'lr b, lrltre*
ef vrrlrhil.Eg llrou ead aagul*
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rIr,cl cm to p:rttttcar0 m rlon rberfr Bqprrrntllt
tibr lorrr pfrt bf .,Dcr D cra l*,,'ilhHtvlrtrfr u

&.* trl ''*
tflf flDilrltprrrr Dn* . Or r a.r Eur*tttf R erlr tr afr
f1a.4 er lnrt!,omd rrtrLr

!

tr J.t

So e . &*rf(

8,rr * 
11 rll' ll rll . @'!Rl'fKl

* ,R'{$brrt (1r)

Brrrrbmlng tht rrg L! rrLtoL t r 4 rne 8-1 rrr rxpr{}rmil



ry

{ilr lrtrl,x PoCuat (f9) cu Ir rryrend,ril tato

;f ,f - , t I I I t t.t?(P+ eoS'+f e"qo + '%"q

ttr l-E-(f,, rrr*r *: T : O

' (&I-l) r !
8c

(t)(*) .'
Qp+Slo.r

i

ir rll{, rLm (qp)t * (4t3o)t ' r
't

D'Qi *Dttqtt rI (eo)

PrmBlt!,pl'lng firL tur *f (S0l ty $ rail lnrt
nrlttpfVin; bf e fttrr

DD's'q**utqole.r

Elaor Do . O

ltNDQQ,B

, qtq . (np')-l

firncr ,.ftdtr

DDt 
,' I r" rl,r tr{ 'f or., itb
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(Dot1;l - (ent)-I

i iltrit frin

So llnrtto mrtgr tlr trlnr r.f tntrunrl rccuCLanttr is

8rf,rf (o-1)*t-,
-Er

rnf, ptaatldl rem6f rr urrrrl lr

irYr / rrrtnl
'EI*

frDltltrrtfr8 thgc .xllrrttlrar lu tlbs lrf,rrUtrn
rqurttrea of mtioa il,rl0r

fflr6 n,

lttr fu rrscal or{* rill(frreirltd rgunttoa ru0 t:
rlrllrf to t&om Omlrrd urnru stbrr ryrtur of oo-

cffirrr|rrr rtil r rlrllrr rorutloa crn bg afrurc{r &o
nrult Lr

aFq
+ ) r*181ro

ffi
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rS4 Ir* -l
l) r*,-)-..^ta-rl*\ l*.o (arl
uEEf EEf

tl0 tllr 81".r r*rr to tbr rloulu OrturLmnt

r*r*1q-t)rrX }rr*{e*l)raX i} * r.

rr,t{o*l)arl *gt*{e'r}urX r. * r

rlrrttr ltta a rr i r,ra tt rae r. ar trc larrr *l

r,{ }t t.i t I I t I t t I I r . . I I t I I a r * I t. r.t i i } r t a a

SorymtrtfuE ef lnvrr.c .O rrtrt- fr rem oorryl{crtrd thru
0 rr$tx lt:rlf rad rr to mrt tLr abevr forr ror.a GoB-

rrnlrat to oDrsrtr, Lt l rnl,ti.ptlrf t1r tbr {atcan .a*

rat 0om rl.mtr tar',**,i Stncr

I 
stt' $oln')' L n*'

t[r of,f d*,rgonrl ,]1. vultbr lrrrln3 thr eborr ortrr-
Iilmnt {.n r rtrpl* folrr In rbtmvtr*rd, tom

rO

frrrrt{ac to (A)

l[q,-slll ro



{6

(lrr-(f,rlu) )qr*o
l-.

UDIIL tn rrynlilrd fon rtII t

F**f,1*i}]'t * Fo**tu*tl**)]& + r,1..*,
"' [], ' r--1. fn -.... 

Lr,*-,*-tl,. )] t . n

F***tlo)] Ar * Frr*ti*lfril] re r * i,,,, r

t

I

rl

l

t

I

l*r

[rr.'rt-')"]] rr * [rs*{oltlo{ ^e 
+ .. . * r },

iqri , FOrearl*)] t. o

r' 0lrylrrllt trhmr rgmtiror rnth (1e) rnil (f?) r
It trn tl l,afcmoo tfirt thur rryrlltutus ul,th r oorre

rtrat rm tbn eorfflriutr rhtch tmmfonr ,ntrrnrr
cmnf,lartu io lolrrL oooe4lnrtcrr lhc rtovr ttu.r-
lnrenllqnblou ru br omt tr r. rore acnrra!.at ful
hr rurtrrrrrns brr th. drtuniunt rLom rr,mrrtr r$r

I

\sri llln rirqlt rr
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(X,6rt*'r -,* fit*-'*')
egf+arr.rllr0

E o.n-rn,r) E,* + (X oet.rr,*- r)

\*+lrrrr*r*O

r&lm 6fr)*;lfi thr qurnttrtiu rAl,eh trrn;f,on aslrrt
coll,iltrrator to latuvel aoosdl.netcgr & ralrlng tho

rborr rt cf ri.rultrnrnut ceuotfour fer (!)* ra0
rcnflfrt'ra thrr gfvrr tbr nrqni,m0 tranrfordrtt oa

ff t v.*r* tramfolnstfoa lr mqnl,rodr t&c

follord,rg qry*qry r{rrttsa.r hevr to bo rolvr0"

[ 
(r11ronrr * ] r)(r-t]* +

[ 
(rlsrosrg](lir)o .r *+{r r o
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[ 
(ret,os,1)(r,-l)rr + 

[ 
(rat.or,p *

)r)(r-l)ra +.)rr*r.o

$bs clonesta of Cl,-llia natrk, ae it hes bora

alrcaff polntod outq em rrquimd to transfsrn ?u,/a e
rnluca to Vv/dr Talucr. Sut thoy oarp"rot be ualquoly

dcturX.ntd by rolvtng thc alovc a;t of stuultanaoua

oquatloae . llht aoruelLrlng ooad,ttlon rfiieh atrd.a ia
ovaluetlag then rrnlquely fu (5o, p. llO)

f f rr*11ll' llcn-tlll ' o*x

o) Fcr.nl Rsaoaaacl

Ia tbo Beao of polyetorLe nolcculoa, tro ylbre-
tlonaL Lovera or coabtaatlons of theu eaa bo oegenerntcr

Ua0er euch ooad,ltlotrB; the two cnrrgy levels pertusb

saeh othcr ead two nor cnorgpr Levelo arc created and

thc astunr traasl,tion obscavad rtll be fron the Bround

atatc to theee tro asu Lsvelg. She oLagelcal crarpl.c
i.r enrbon d,loxlde ia nhl,Eh tho froquenEy of the 63ra-

notrla ctrctchlng rodc ( I f : LIZE en-l) !.s alaort
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rilstly tnrLao that of brnlttng lsdo ( I e ; 66& *-I)
and ro ruoarnor trtnrrln I fun0anoatal and thr flrat
ovortono oc6um aril thcm tro X.srcla erc pnaLrd rpent

and thc aetusl traagttlona am obsorrrC ls Braen

epotnrr,r llhie t;p. of, rotoaaaor rs$ flrat ruggmtcd

by fornl rnd 1g oonoaly knora aa lcrd Rceouaaoc ( Z ) "
Eef,om gotr6 Lato tLr d,ctallal oac of t&e il-

lnrtant csad.ltlono to bc rctLaft cd f,or Font mtontnsr
to ooaur rhonld bc soanld,erd' Ehs nrtrl,x cloacat of
tLe prtu,nbnti.on functloa t r

r15 r J*o?rnh *6 ar

Scm vu' r asharloa:to pcrturbhg potontlall 1g i,a*

Orprndrat of 91 Or 11 t.tr rp*ttel, orhatat!,oa of, thc
rehoulc. So lt hra full eyrnctry el thc noLccule and

eo lf, lrhr absvc lntcgrra0 bac to bc Olffomat f,rsa scro

*i e rft rtonfd bslon6 to thc ruc rynatry rpcclrtr
If mlcoular ytbrrtlsa u.ri pumly hnmor.tol

tihc potcntlel cnmsr ooul[ br rrtttrn

v.$e12 + ?ort + ?qo,
8l.aos lntcmotlou botrrra crarsr lcvcls har beca

aotlseds Xutencttroa ferna hsvc to bc lnclu0edt ta the



,o

Dot.ntlrl f,uretlon rnd lt le cnougb Lf oublo tlrnl aro

tnaluoc0 to trcrt tbr lntcnactlon brturoa ), ana tl a"

r.rr . rrrrqeeS + erlltga + taat%e +

*13*qre*'

Ulth tht et0 of areoa0 orflar Prlfirrbatloa ncthod, tt
sbouli bt pomltrr'to orrtw tba 

'alrgrr 
enil rera

fpnctloa of the pertgrbcd $vola. llhr orproaaloa for

thc sscoad orior porturb*tfon tn.a€Er rorkr out to br

,"o r )-' *+ + ,oL*'r + t'r-t'r

For r drglarrete casr nbrrtl,a Hko . t'r, tho flrot
trrn bccOrcl taftat tt aad. so tLc lrooad order pe:rtur-

betloa nrtbed bwm[o 4orn and oanaot bc profltably

apBl$d to }Olnl Elf6[tll6ir So the problou Le troeto{

by llarer vuteti,oa lrthod. By rolviag thc follorlng
tro b, tro trouLu dotornlaantrrthl lnoagr and revc

funatloa of tbr parturbod l.cvolo oatr bc oonButc{.

hn-u
uat

tJu

ueo-u
rO
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rblrl tlro rnn Yro arc th* oncr$m sf tbc unprrturbrd

levrle and lJ* tr thr enorgy of tbc tro 1lrrtrrrbti lctrll
end

u+'f tnru * Ta'.ffi1
Ao.Hlu-Ueu

AI * gU13

u--*t*rt*ueo'.ffi)
Ss tbr &lffucuca b*trtoa tba lprturbce lcrcls 1r t

rO

.O

tllot t* rndl l{r, ar* kaorn in tanar of, A rn0 A o, I I r

ure * J*, ?rnh * rar * Yer

Selvfag thr ertcmlmat

and tbt orn bc orpmterd *n trrns of A rua Ao.
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(4's)-l.! D.t

'lltLr rrvt funotl,tn for thr putnrbr{ lrrelr rrr

Slacr outrbomnrttty rrlrt{oa llr ts bc artkflr0

al rt blr-t

YI ' t VIO.O

*rr' ltY u.o

*t '*lZto.g
*u' bYtono

D lkQre.o

br 1y' 
OerO

Ulf gs.g
t* oa'o

80

+

at

t) sLrsmqit+t+g fbtpmms In r 4ttltqfr
Ulllr (rrtvlng tb* rryrmrtar rrlrttng thr

l$rfrrtr0 lEtrurltf rnd polrr Dropansrr lt tr utur{
Urt tLr egplicd chotrmrgn*tlo f,lrl{ rn0 thr fttld
rt thr rlrouLr rlrgrbfas rcf,lattoa rrt tbr rrn. or lt
Lr u Lf thr rolrculr fr *n vrcuur. llhla ururpt!,on
1r merolrllr r[rn tbt nrtrlx fr Sltr elaoc tbclr rr*
frrottn $Orr 4lm nst 4lffrn rcr.;y ruob fro. $. tet
lt l,r ast trlld rhca tht noloouh tr ln r drarr
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acdlue lLke l.tquld or ooltd. tha appltu[ fletd aad.

the lsEal fleldl L.Grr tbG fleld *t the noleeuler ere

dlf,fereat ln Lteuld anfl so}id phaee ead coaocguently

tLc cxpreenlon reLattng lntegrated lateaelty andl poX.ar

propcrty hae to be uodi.f,l,td"

Tlrs uolcculc nbasrbl,$g tho rad,latLon ts esEuntd.

to be la a aphorc srrxroun0cf, bf a contlnuoua di"elcEtrtcl

uhtah h,as a oubl"E aryEttl etnuoturc' |[lrc Laternal flel&

ffr.il+q+Ba
*$ ls duo to apBarcnt ohargoe on tbe outer surf,ace of

the dteltstrlo aad tbe chargc ou the caadsuaor Blcte.
S, tr Au* to npparont gurfaee oha.n6ee ou the tBberc

gu*ouad,lng the EoJ.eeule, Bn t" tuc fteld oaueed by

tbe uoleoulc luatCte the apheror

[ho ftcle S1r rrbtch ls assentlaLly dus to

polarlartloa ohargter ls oouButcd aa follors. If O ta

tho poLar aaglc referrtdL to tho polarlratLon f,lrcetLoa
.at

axls anl .P le tJrc drastty of otr aotrle poler{tattr oa

n
alit 2 Ein o dO

4 rL-
4rr pr-r
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s".orrr- ' ffr ['"'l
sal"Lrutric ' ifu [-' - e]

€ . [e :'I{

rl * rof,sastlvr indrr

*ou. #ra

**' , (df*) ' **,*
fho Lntcaatr.ty i.g gas phesa la proportXoaaL to Sue aad

thrt in aoudsased phase La propoortlonal to *rn.

as , (df* )' * n*

8o tbe orprosaloa to be uEed. re].atLng cond,enaad Bbaac

!.stensltlse aad polsr proportl.rs t s

' E[.- . f+-a)' . ] (R*)t ee1iu'rffi'\T-l il \?*r

All the Lntraslty d.ata roportrd la Chaptcr T arc oal-
oulated ascordlag to thle eguatLoa.

A ttullar equation hae bcen d,erlvod, by PoIa ard

Utlcor ( lo ). tbe oxpcrLneatetr vrrtflsatLon of thle
rquatLon har uot wLth llttlc BE€GoBBr Shs reasous are



w

mng* Is Oorl,vtag thls equatlonl tha fleld &uc to
tbc llerurncnt and i"aduced ilpola Eosent of thr nalceulo

bes bern takea to bc srrsp uhtoh nry ust bc truc tn u,lL

oaccc. 'llhc c4pcrlneatal Oata Evall.ablo on llquLdc erc

lnascurata precludl.ug a troeronablt rrrl.f,f,oatl"sn of thle
oquetLoa. In addlttt"onn La the cas6 of Ltqul,&e, othm
lutaraslcoular fororg )"i.kc hydrogsa bon&lag lalt uens6

tho tatossittr.
Eguatlon (ee) le eppltsablc i,n thc Ee6o sf, a prrrt

ItguLd sad orrra8isra oguetl"on 12? , pr I4BB) f,oe tha

trntruuel ftrtrO 1g nors eppro$rlato for r cglutlon,

F. ffi) ,*ffiisr
a le thc rlnttsnel refreetlvr ln&cxt; tro.l the :ro-

fraetlvc Lad,ex of the moLeoule rhile e !.c tbo &lcks-
trLo coasteat of the nedlun' u [p tbe aetu*l oXootrXe

nournt of tho noLcouls aad, ls"f t* orvltSr radi.ua" &a
eroond toru hae thc dl.rectl,oa of the pern*neat d,X,poLo

roleat of the fo1*Etrlp rhlcb can be telea to bc f,tx*{
durf,ng oaoXllatlon fon frcquanetre I'a Lnf,ratrod.

So

('.

rr' I + o2(€ -r''
(ae +nd)
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By a preo*(ltrrc gLnllar to that 5"tven abovas n relatloa-
ohip bctrcen ooadcased phaoe anfl gas Bhae* latcnsltles
can be d.trl.ned, rhloh l.a

1+t' (eI)

nLcrr a, !,a the :mfraottya i,ndtx of the ec0l"rln. Pcreou

( 28 ); urLag tbs data of Srlrh t!, St. (rtf,creaee 7 la
28 ) on tho Br;snrrc taduced. absorptloa of, nethaaa

lnrrnelensatale, has €onparcd tho nerLts of equatloaa (ae)

an0 {8}} end has found tbet the ls.ttsr 6tvaa bctttr
*gr*rL"ug resuLta rltL rrporlnoatal vaX.ur than rquatlon
(aa1'

tlbr sub$eot nattcr lr aot 4cvst oped furthmq

staEc l.t 1g ta a utrtc sf f,lux, Equatt oa (m1 haa bssa

ueod, la thla vonE ta ap$Iy eorreotXon for tLc obssrvad,

lateasltyr

,*tA"

%
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III. PBEYIOUS ffIENSITI HORN

llhe survcy of Brevlouc uork haa not becn doac

chronologlca}Ly, but wfth the obJeat of brlnglng out

the various faorts of thLe aubJect.

It ras nontlono(t Ln the J.ntrocluetton that a for
paBsrs oa thia eubJect &Ilp6ar6d d.urLng 19a?-]9e8.

EbEsc yere by Bourginr ttatheeon aad Barthalouer Bourgin

(r) etudr.ed the llaq tntenstty of the hydrogon shlorldc
firnd,anental band at ,.5 p. l[he oq>crlnent coaststed of
atudylag ECI at dlfferent path lengthe aad. sxtrapolatLu6

thc integrated area to Boro Bath length to arrLve at ths
absolute value. sl.nlrar rork uas carrled. out by Hatheson

(a+1 rlth CO, rhllr $srthalone (1) studted hydrogen

halldes. lEhe result Ef thore i.nvostLgatlons are uD*

rolla,bl.e Elaee they have beeu obtalaad uslng Lor

reeolutlon Lnstruneat an& are of purely blatorLeal
tnteragt.

Lnmod,lately aftsr the Bublleatlon of Ulleon-
lCe11s ExtrapolatLon l[heoronr to whloh ref,erenoe hag

alrea{y been aadol aev€ral papers appeared. on gas phaeo

lntcusltiee' fhree of thenn beLng of epectal Luportance

to thts norkn are sonsl.d,ered. herc. fro are by thorndlke

and the other ts by Eggere and. Crarford. llhorndl"ke

gp gl. (42) etudled nLtroue oxlde and, havo earrted out
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a oonplcte enalyrLa of the noleeule, Staoc latoracttron

foroe eoasta[t uas not *ralleb],s to tbcn, they aaeuued

ra}ueE naagl.ag f,nEn +1 to +10 ltlllay:aor/i aa& ooaButr{

(B+, 
tro 

,n{ (8P) *- sLaor thsn tha latorastn on

ooastaat bae bcen {rtumiacd, uaing the lsotap{.c uol,e*

eulc to ba 1*43 dl].l.dyncr/,i {r? ) and. go reasearble

values ror (*)Nn *d (*+)tr, *" -1.4i x to-10

rad -?.1 x 10-10 (agr unl"ts)f rrgpcgtlvely. Callsurn

g!, &1. ( 4 ) havc aea!.6[e{ ts those parenotsm ya}ues

at *5.1 r Lo-Io nno *.6.F r XO*IO (ogs uattr)r rispoo*
tlvely. tborud,lhc (+r ) haa aleo studlad oarbon dL*

orl.dc by e sLnllar Brootd,ure and has obtsr-ned e vaLuo

of gl"L| A for l"ta dX,Boh usneatr Saklug tnto conoLd*

arntloa th,s throe nmgnrtlug etruotures of oarboa 6iox*
t{c *nc[ alas tbe hend, nopsntr ataignsd to stngle enfi

Oouble bond,a, hc has sqneS.udcd that tbe trlpla bord, has

lor bond sonent.

trlork oa osrlon dtoxt f,e and n!.trsus oxldc hae

beEn rcBcatcct by Eggcra and Orayf,ord ( 5 ), but theLr

l,atereet hae boen the oouButatlon of htehor terur Lu

thc Ieylor earleo axp+r+Lon of dlBole noneatr In
adctltJ.oa to thoee r $thm rorke oa carbon OX.oxi.dle havo

beoa publlahod. by trlsbor g,&, *L. aad by Kap}aa and Eggtrr

aad oa altrous oxl,6e hy Callonan gg gt* Aecuratr frntn
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oa the Lntanslty of 15 u baad of eO, la i.aportant sl.aco

Lt he}po to deterulne tbe thermal ba}ance J"a thc attsos-

pbere. uebor aad. Penner (45) bave Btudr.ed thLs and, thetr
data are aot vsr;r nueh dLfforent fron that alread.y re-
ported. But the ra.J.ue obteLned by Kaplan aad D6gers (fg)
I'a hlgher. |[he lattor autb,ors are of tbe oplar,ou that
t+r11son-1{e11a extrapo}atloa uethod, thougb an raproy6-
ment over that of Bourgtn and others, is not au!.ted te
the stud.y of Lntsnsl"ty of a baad" wtth a aarrow l.atonse

Q branchr &s l.n the case 15 F band of 0Or. EaLf the

i.ntennitr of perpeadlcular band of co, oocurs la tbe A

braaoh whose utdth tE enalL conpared. to the total band

rldth. tho absorptl"on of Q braach rl.lL be l.l.noar I,f
tho iateneJ.ty of P and B branches ar6 Lor, ln whieh case

the neasurenerta wtl} be Lnaceurato. A hj,gb resoLutlon
instru"ueat Le arr arsrer to tho problen of measulLag sueh

usrrou baads. {[he curre sf Srouth nethod, though not
novel, is aot extensl.vely ueod. in preference to the
cxtrapol.atLon nethod,, wblch ls less ted.Lous. lfhe nethod.

ueed by xaplaa aad. Eggers oonalstsd. of calcuLatiag ab-

aorptloa theorettcaLly as a functxoa of path rangth,

Br68surs, poak Lntenalty and llae rld.ths. l[he ].atter
two paranetere are varl"ed untLr a beet fi.t between the

obscrved. and. theorettcal" values ls obtaLned. xllen f,rom

these valuee the l"ntegrated latenatty is oouputed..
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OslLonan S&, *t. bnve atu0tr{ nttrous oxl-da by tbt usurl

ncthod.r Bata obtaiacct by these authors on 0O* and f,rO

(r&fsh sne l.roslcotroaLe rlth SSI{*} are tabuletod. La

lfeblta I aad 8.

C% an0 OCS hava bara stud,lcd by Bobtnson {75).
Tbe tntonatty of the grrtL*$rauctrle node , ?9OA x IOI0

I, tc coaparabk to thet of sarbon &ioxl&a aa*

11 9t88. $lsso tho aytnctrlo poflc La LaestLro

tn thd lafrero& apeotrurr f,urthcr annlyrtE baa been

carrtod out ln tcnus of, lnttrn*.I caor0jssteg luetrad

o,f, i.rn ngrs*L ooordLnato rnd s vaX.ua ef *5*6 x 1o-1O cru

bas beca ohtalnrd f,or +P.
A oonplcte rnalyats of t&e SOS uoloEule hnr blca

sami.s{ out. In eitdtltloa, qtft veluss hevc bcts plottr0
vs f,n, end l.t i"; no,ti"csf, that they ars not ro scasl,tl,vc

to ohangp la lrt as the noruel nodcs,

h t,, vaLus kXn6u nbout onff Lo% t"u

Osta oa the OOS noloaule *rt tabulatod Lu Bablc I*
0oapoun6,g Eoatallrtas e CS SrouDI ltke oyaaogiar

cys$@goa cblortdel EClt anat DCHr hays b*sa atudLsil"

Si,xon and &org ( 26 ) gtu0!.ed OAne alrd St0S. 6?rnogcn

har a fundsaeatal et ?X50 er-l rrhtch l"s of uo&ornffi

l,utraaLty. Iu thc caac of oyanogeu shlorlrte tbe | ,
qs{ i , nodcc arc rt ?}+ and 2214 ou-l ncapcottvtlyr

oyoh cn*
?u
E-q

A ohanBc of, O.F

+# . rrhe
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rbLls tbc brndlng uodo i.r at !$O al-I. thtE has booa

obsorrodl by thcsc authorc u;i-ag a ShallLnu Brorots0tdc

prfun but thr lataasltlrt hrye ust bcca aaalyeed dur to
the preee&oc of, coasLcltr*b1c anonnt gf etray llght' l&e

lntsugr"ty data erc sunmnrl,B;O ln 8alX,a 4. thcy havc

rbralroo f,or (q?)-u ** sexr a ralu* ef 30.?3 x l0*lo

rru rLllr l,a Olfitrr t&r ram dortr"vatlve hEs a valur qf,

- 1.8 r l0-XO icue |[ht d[tf,fcreaoo tndtortaa tbtt thr
0-Cl band. 1o uoro poLrri.aablc tLan tbc G-C baad.

{yalo and Eornt,6 hava rtud.tcd ESf and IlCfr (V ) *

Ihe tatersstlug f,eaturo sf thts ronk le tbat tho stu(y

of icstoplo noleouLos hne rnablcd then to dari.vc p** anil

p6g vblsb eror lrcsBocti.voly, X*14 d, ead L.?5 O rcEulttng
la 2.89 O for ths eslsoulo. lfihe Lptcarttl.ca of 80tr nn0

DCS cre tabutratcd Ln S*blo 5 rbleb lad!.eetaa the f,un0n*

soatale of tbesa rsleoulcs are ef es{iun lntqnalttrr
txoept y', rhtch l.g uas& aonparod. to othcr 6tatoa!,c
nolsculca llha 0CIpr €$gr OCSI anct HrO and OC[-.

@ c* 
,o*d br then ts 0*68 dllt alptru to that tr

oyenogca but Loes than that i,.n eyanogca ohlorldc. But

tLc value ror f&d tgt6fl * n" eoaslderabrv Lerser than ln

lctbaae . |fhie Ls explaLntd ea duo to the usc of Sp

orbl,tal ln CE ban{ fornatf,onr Ae bybrld.taatton ehanger

frss Sp' to Sp, tbe polarfty sf, hyilrogca La laerenEc0n
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AVAr vaIuGB of sons of the compouad.s whlch arE of

lntersst to thle rork u:re tabulated tn Tablo 6.

In reoeat yeare souslderable auount of nork lE

balng done in the ltguid phase, Unllke the gas phaoe

rork the ob$ect of these luveetJ.gatl,ona Ls not Bo tsuch

the study of polar properti.es of the aoloaulee, but

sther aepscts eonnected sLtb l.lquld, phase. Ir thess

studLee puro llquldn ars not used, siace thts rouLd

nocessr.tatc the use of an lusoavenlently snall. abaorptlon

eell leagth, naktng tbe J.ntenalty d.ata uarelLabLe.

lJhen the stud,y tn Ltqutd. phase le doao ln solu*

tJ.onn lt la aatural to eqpect solvent effecte on the

lntenslty. (hte rrl1l be Ln the forn of eolveat-aoluto

Lateraetlon d,uo to orlentsttou forees and electrXc
pol.arizablLlty of, the Bolv6at. Both theoretr.cal and

expertnental studl.es have beon eam{ed out to aBaaEE

the role of sol"vent asd at the sane tine to conpare the

gaa phasE intenetty wJ.th the ltqutd phaoe lnteneLty.

*ro equatLono have bEen derl.ved rel.atl.ag tho

gas phaee and llgutd phaoe tntenstties. Ono la bascd

oa Debye t s the ory of clte].ootric polarl,zatlon and tha

other on Onaager's tbeory of d,Lcl.eotrlc pola:riratlsn.
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rbere A, andl. "0", ere l1quid, and gas phaec latensltl,os strd

a Ls thE refraetlve l,adcx of thc uedlun et tb6 froquGael

of ebgorgtton bead. AEaunLn6 r . I.ro0o, a I0$ la-
orcaac la tatcnslty to exXreottd. aooondtne to Dcbyers

thaoryl Eolag f,ron g*e to ltquidt rhl,l,e Onaagcrre theory

prod.tots ao chaaga. But eaaeftrl oonsLd,sratlon by Polo

and. hlllgoa (lO ) hg,r ohorn that Oneagarta theory ytel&e

the EaEc nseul,ts ao Debyete &nd 60 oquatloa (24) san be

uaed, to oouparo gas and llqutd phaea LntsnettLsE.

A uusbtr of lnvestlgatloae have beon carriod out

tq test thE valLd,tty of rguatloa (a+1 and. ssme rpesut ta

are ln eonaonaiaoo sttb Xt aud 8086 aro not. If tho

cam! nolscuX.o ts studled ta dr.f,fcrcnt eolventa tho La-

trarltleg abould. ba tu ths ratiE

(nz * P \2\-rl

(*f
a1
-&AI

A1rg

Ir- tl

Ia- a

(a+1

t25)

Jeffs and IacL ( ro )
re6{on ln Fluorolube

haro stu{tcd E*hcxaae 1a the I p

i 00L4 ea{ OSU and tha ratlo
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f,oun0 cqpcnlaaatal}y la la good a6rceuoatn wlthLn

trperlnqntal elroll rlth that cr;lcoted..

llorklng rlth uethyl forme$s ln rarl.oua e olvcato,

Ruesel an{ [honpson (rc ) hwo aotLocd that thore Ls ao

dtffaronee botucon gcs phaeo *ad" lt qutd, pbana latar-
rlttrcs. lflhslr neeults lad.laatc that sa apprco{*ble

chnuge la latcattty Eaa only ba crpcotc{ sbea the rr-
fractl.vc tarllr tu htgh.

lftcr nuoh la ea.ld and, d.one, it ls obvl.ous trhat

both e better theorotteal haorlcdgo of l.X.qute p&,snc qa{

&oro aeounatc c:rpcntnoatal rvork ls neosesery to say arf
thtag lntoltrtgtblo about thc oorrcletlsa bctreon g*r

phaae autl ltguld, Bhasr lntoaai.ti-ca.

Iuttnri.ty ef, noluto oaa al.ao bc nodlfted Oua to
rolutc solvcnt tateracttoa.' LorA g!, gL. ( 21 ) bave

fouud a LO-flO foi"dt chaag* ln tbs lutcagLty of, 0-D

gttratohlng ylbrat!.oa bsnd of, dtutsreshlorsf,orn l.u

&Lffcreat soLrsntar 81hey crylatncd thle cbangc Sa

ttrts of the \ydrogon boud batrtcn SO,CI cnd, the sol*
ventr lLkc *$r$rr'hr0 on G-D*...![ rcaultLag in c ohnag*

ln thc Bolar Bropc:rtlcs of C*S baad, Slntlar rork hac

besa esrlrLe{ out by llhonpaoa an{ $trc} ( 4V }. Strbrtl*
tuted bcnaeaLtrllcs hav* bcen etud.Led tn OEC} *dt S0t*

aad {nffcrancs ln tatsnolty bas bern notl,ecd, r&I,eh 1r

rxBlatrncd, on ths baaLa of, a hydro6en band hetrcca thc
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C=S pottp and O$Clr. But slnllar Lster*et{oa oannot

be txpootod i.u the eaae of CCIU aad aa tbo authors tben-

calves bavo adnl,tted., etudLcs rLth othor so}vsutc anq

deetrablc.

Studloa rtth brnsonltrtle havo lad thosc authsrl

to aaothcr lutcrertlng aapeot of, tbls f,lcld, Xt has

bcon obsortod that a rcgul*rttF oxlete betroea *S =![
frcqueaoy ta subetltutod bensoaltrilo anel the fienaatt

dvalue (tZ ) nLlah ta & asasurs sf the reactlvtty of
C=S groupr whlob obvlouely dlcBonde oa the aature of the

subatLtuout' lfhc square rsot s.f the Lategratert abgortrp-

tloa cs6ff,16lent Ls a Eeaaure of, the po].ar proBarty of
tbe band anf, tt i.e aatura} to expeet that tt should bc

relatcd to the rcaattvl,ty. A llnear relatr.onahlB hao

beea obscrved by thcoe Euthsra bctreen l"og A nsd f for
dl.ff,cront eubatttutad eonpounda, nhtah oan be cxproaued

Ln the forn

Iuog ,[ - LoB Au *?'{

vht Eh I.e glnl,Iar to Eennett reLatLoa

logk-Logk. -f{
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rY. SPECIRUH Otr 0rArAlS f,Sg

0ynnate loa betag a Llnrer tri"atauto no}souLe

haE four fund,ancntal nodee of vlbnatlous ubloh Bne d,s-

plotrd bclsr,

(x) -- O
o

O.
0

G.- (- L!;fr or*l)
N

(n 67a ea-l)

(n- 610 en*l)

{,.DL?a on-r)

(a)

(,)

(4)

6
o

0
o

"Oo

i90GNd0
CN
,F tO

l&us thc epcotrum of cyenate lon shouLd csaslgt

of three strong baade, but aatuelly four uro obaervod,.

lIhe baad et 6Io Gr-I lE due to tho bendlag node and that
-'lat 2t7O GB ' X.s duo Brtaclpall.y to the Cffi ctrotohtag

aodc. Si.acl l5 A* a frequcney of the sane ordcr ao

tha antlsynnetrl.o etretoh ia COrl !.t Ls sonotluea rc*
ferred, to as ths "c,nttaronotrto rtre tohr. lEhe resatniag

firndanontal froquoaoy rhtoh arl.scs Br!,acLpail.y fren a

stretoh of tbc CO bond rould grssuna,bly ooeur near
-1I2}O oE-*, but ortng to Fernl rsaou.enes rLth ?dn te

apllt lats tro conpononts n€ar 1210 aad, L39O GE-I. Sc
apectrtrm of cyanatc loa Ln a KBr hort Lett{co f,r shorn

tn Elgurca *, Sr 4 aad 5. llhc apeetrun has haen olrtoa-

clvcl,y studlefl by l{akl. and. Dsclus ( 2, ) ln aoltd
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relutLpn snd tablc ? 6lroa ths fraqucnoiaa sbscrved by

then ef thc fuudanantek and. tbose sf otben traastr,tLosr

rolovaat ts thl,s ronk ta K01r ffir aad (I lrtti.eoar
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V. ETFSRXfrffiTAI, PBOOEDIIAE
.[ffI] 8SSIN,8S

a) Socetrophotonetry

All epcetrn roro r*oor{sd sa a Perkla Elncr

Spcctrouetar ilodel 21r rhlch tE a doublo bcEu elagh

Bess lnstrunant. lBo reeand tha SeunJ. doublat aad

-tl.zt 2l7O sE ' band the ilc0l prien yas rs6d1 rhfl,a to
r*.ooord thE bcadlag uodar a ffir prlaa ues uged,o Slnglo

eryot*le of aLkat l hs}ldc aontatnlng aye*ato t nndl

eoaondtag tE thc prooedum dsesrLbed by l{rkt ( e2 , pr

158-16X.) | s?tra out Lato sultablE slsc *ad, vors norrntad

l,a a holde:r nad,e out of oork and BLaEef, olosa to the

alLt. tho spcstnrn rar roannrfi et the al.owrst Borstblc
dru.n eBco{ and clotr pca spra{ so thet thE &atectort

anBllftar and, rcoordcn faLtMull.y foLlowcd thc ra0latLoa

flur traaonlttod by tho opcel.ren" For rsesono vhLoh utll
bc obvLouE latar, the Sernr, doublet un& benf,lng node of
O0S- la XBr r$ro recordo& at d,Lffaraat etl.t utdthE. lfiho

eltt rtil.iilr that vould gtvc best rceoLutLau at tbo Oselrcd.

frequeaoy raa rougbly cstleatcd ri,th the sIlt eoatnol on

progsarno* tbea holdtag tho s}I,t rldtb csnatcnt at thla
value thc rpootnuu rae ssan*cd.. Slit vid.ths loror tban

thts yoro t*lod an{ the oae tbat Bav6 tho beEt noaolutlon

ues uaod as tbe atartlus pslat. llhc cllt ntdths that
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bave bacu uacd a:la g-tvca La tablee gtvi.ng X.ateasiff

data. IInIl,ka la thc oagc of KI *atl EOI r rhLl.o rtu{ytng

thr bon0l,n6 nods of oCS* ta KBr 6Lffcrent al"l.t rLdtba

havo beca usod. for dtff,orcqt orjrota}o. lfhls ls pu-
f*etlf reaEonnble sLaot thtao aLlt sldtJrs grvs tb.e b;at
rcrolutlonl eub$eat to the ooadltlou of tho lnatruncltr
But nhilo stuqylug the saBo nods ta KCI antt KI oryetelc

tho same altt rldth ln caeh o*sf, gavG tho bort reeslu*

tlon. tla aa.uo te trua tn thc atu{y of tho 0S strrtghl,sg

nodr anO Fcrnt doublstn

She rpeotrnra thun obtalaed waa analytad tn tbc

fsl}ortag Es,nnctrr A cultabX.o base lJ,ae was flrasa to

ncprcncat X006 UrEasnlagtono EhLs raa d,rara auoh that

tt eolneldcdl rJ.tb thc rtro nbrorptlon lLao on oLthor

rl0e of tho band. At an iatrrvat of 1 or 2 or-l A.*
pendlng sa tbo al.tuetioal thc laoLdeat sud trsnanltted
i.attnglty rar6 raad and thctr ratls oonputo&. |Ihta

ratLo and thc corrosponding froqutnotr yers tabulatad.

f,lhs lognrlthna to the brse LO of, theae tvo quantl.tLoa

ycr6 tekcn. Shcn tho logarlthn of !o,/E rae plottr4
r6alnet thc Logarltha of c') . EranBles of islre roeuLtlag

pLotr strc shora la Ftgurte 2, 51 4 aad 5*

It 1g to bc ucntl.oncd et thlr rtagc that thta

Bnoeedura Lr sll.ebtly &Xffercnt lron ths uethod oornonltr

adoptc8. IB nsst of, tlra rerks ao fEr reportr0 thr
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lognrl.thn of to,/[ la plottef, agaLngt (, . Eut aoeordLag

to tbe deftaitJ.on of absolute Lntograted LntsasLty glven

carllor (6:haptor ltr, oquatloa 1), lt LE aeoroeary to
plot tho logarlthn ot tu/lE agal,pst the logsr{thts of &) .

$r!.s prooadure bae beaa oug6oeted by Crawford ( 5 ) glla

tt Ls slal.uc{ by biu that f.t has ocrtaln edvaatagcs svca

thc othar nethod, At, unlIke An !.s l,nvurlnnt undcr

ehangee of quaatun seshautcal rcpresantatl,on and, lta
rmlta are lustd trolrs-I qna), rhxoh ls s asrt sf crrsrE

acotlos and i.t Goaoa out a:rBroascd, fur thlr sey ln Gorr-

vgaleat antmbcrg.

the eree of tbe plot tbua uad,c raa tlrss dstsrul$e&

uaLag e plqnl,uctcr" Sha plaaLncte:r rcadlng rtth sul.tablo

oorryaral,oa faetor gave tbo aroa aB B &i.nonrtoaleee

quantlty* She ipparont lutegrated Lataasi.ty f,sr aaeb

oaao rae obtaJ.nof, by dlvldl"ag the a!6a by the ooaoon-

tratLon of oyaaate tn the erystal oxprorrcct as nolce./cua.

Tn tbo aoxt gectlsn ths qurntttatlvc analyeis of tho

orystal te eoarLd"cmd,r

b) Aaalysls of Cryetslc

Ane}yats of tba cryrtals for the concontretloa

of cyanate lonl whoae aaourt ir about I ntoronole, raa

one of the probLeus to osntead rLth la thls l,nvrstt*
gatton. 0yaaate tou tn asld aolutlon und,ergoea
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hy4rolyrLe ae follors gXvtag ffi** and. 001*,

OOS- + 2E+ + e%O .' ffiU* + gec0,

&Lr 4yritrolyelg la conpl.ctt rLthln IO-15 ai.nutea lf thc

oyanete to aold nols ratlo ts 1 to X!O. !o enalyrc f,or

tbc oyanetc oontrat, J.t uas dooLdrd to uaq thla rcaottoa

end to determlno tho ltHO+ forraod by ltcrelcrra roagentn

thua obtatntng thc coaoratnrtLon of 0C[-. Ia thc eBrly

ategca of, thls work the nethod auggccted by $har and

Bordeaux ( rc ) rith auttablc uodlfl.satioa sas trLed.
tha usthod drloh l,g auitcd f,or thc eetluetion of oyenetc

l'n tbe prcsauce of, cxoosa taterfcrX.ag loaa csnrlata of,

paeaLng a buffercd solutlon of thc cryotal throuBh e

ooLunn of oatloa exehragor rhtoh retaX.ue tbe oatLoaa ia
eo}utlsa. lEho eff,lusnt la troatcd rlth auLtablc arsunt

of, 0.1"S EASO* and hrpt aaldc fsn 1O-L5 nlnutcs to soa*

pletc tho hydrolyels" Hranrhl).c, tbe colunn ls rmbod

rtth EOE rolutlon to rtnove tbe trapped oattoaa elr& thea

raahcd. [hcn tbc \ydrolyscd aolut!,oa 1r Baased througb

the qolunn rhon ffiO* 1r rctatnrd., rhllc aautral aoksulec
and entons ara disoardcd. |[hc aoluna 1r thcn s].utod

rlth SOfl solutton aad. the cffluent te nad.c up to 10O ul
and tncEtcd rlth ltcsal,erra reageut anrL the abeorbaaor

of tht yellor solutLsn forned ras d,otenntned, oa e

Boeknan rpeatropbotomcto:r.
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Si.noe Lt rae rxBeotcd that the Eyanate ooateat

of crystaX would bc 5-6 alorouoles, lt rres thougbt tbat
thls netho& uould. cuEoosdr It ra.s posalblc to eonctrtrst

e desent cal.tbratton 6urve, but nban tho oryetalE ycr6

enal;recd, troaBt Ln oas saa€ xhleb raa ht gbLy oono*n*

tlatcd, bartlly anJr porocptlble yellow color rae d,cvr}*

opcd. $ro uethod rhteh lE suttcd, f63 {Q-IOO ntsrenolcp

lu e lltre of lla*slart atdl oolutXon res aot uacful I"n
tbto oaaa rhere the c$retala oontaln IO or lsrs utoro-

uolea par l1trs of fiesslerlscd solutloa.
SinEe thle anal;tl.oaL aetho{ xas aot a auooear,

It uae 6ocl.ded to tr? ayntbotto solr.dl sol.utl.oas sf KCNO

and alka}t haLtd,ee. &ers aro vs.riEua notbods by uhleh

a eolXd soLutLou can bs nada. lfhc best netho0 ls to
puX.l out a cqyatel fron a aoltsn nlxturs of, oyanate ea&

aLkalt hallde and K0S0* &.ougb a knora anorrnt of cyan*tc

oouLd bc addcd to tbe aeX.t1 f,ue to thernnl dcoonpoeltloa

of eyaaatc and. due to the crlstcace of r ooaeoatratl,oa

gradLrnt La thc aelt, Lt ts aot Boeslblc ts grau erystale
rl.th soutnolled, anountr of oyanato 

"

Bho oth* netho0 by wlrl,Eh e EoL!"d soluttroa eaa

bc sad,o is by f,rscgc dl1ylag. Eaorn amounte of potesciun

haltds an0 f,0$On welgbcd frou a nl.croba}anaof aro Bleeod

La a flask and the aqucoua solutloa of ths uixturc 1r

ruddealy ohtlled. Ln as aegtsae-d.r7 t ce bath untl.l thr
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rbolr rolutLon 1o eonpletc1y f,rsgta. |lbcn thc f,l,aek 1r

connestod to I purp through tro cold trapr Egolaf, la
aoetore-dtr;r iec an& e ritrytn6 torcr contatnln6 cetclun

eblsnld.c and punBcd, tr.lX tb; ntrtu.ra l.o d,ry. tlrn tbe

Bon{crr rhJ.ch 6oers out Ln * f}uf,fy foru, ts grouad. l"nto

a ftac poxdan ls e nqrtm and, avealy dlstrlbuted fa n
dlc and, Bneeacd lnto a elaar po).lot ueing s, prissurs sf
8gr0c0 1Dr./rq la. thr pellet lc p1aocfl ta the path of
trhe bcrn by urauc of e uort hol{m and the opaotrun

tggantd.

$lth thc pcLlctr thc fcrul. Ooubht ras flrat
rtudlcd aad, llacr 11610 uot rbnrp ln oontrast to tbo

rpeotrun of, atnglc orlpetal"l f,r.om rhloh tt eould havo

bsea Eoaoludtsd. that oonplste roLutlon uas ast forracd.

Eoravorr t&o eBeotnra $e6 m,alyrcd and erca conputof,*

|fhs results um6 {a eonplote qontradXetisa to r&at le
cxpoeted. lEbe alop* af Sr rs sI ro.s llosl,tlrc. But r&rn

-1tJrc 2I7O otr ' bsnd, rar rtu&lrd, rurprtrLngly caoug[ r
Itrong band st 2142 Bu-l raa aotlocd, not obscrvc0 by

nrk!. (ZZ). It res fr.ret thoug[t tbat ,.t nay bc &uc to
eatlannatrt o strctoh of, fifiO- ln a Olfforeat cnvlnonulat

Ittsr traBlr fur frI{OO l*tttso duc to lnpurl.tloa olthcr ln
EBn esd E0tO usrd. 8,trt thr atudy of fuJel cnulnl.on

aBeotnul rcroale& that tht 8U[2 er*X baad ree Oue to

un*lrsolve0 oyeaatc. llha ffuJoL apectrua had a ctrong
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p6ak at 2L4? cB-I and a weak one at }L?O or-1. lJhen

cyanate wae gpound. betueen KBr rlnd.ors wLth SuJol r ox-

change of anions took p).ace and a very dil,ute so1ld

eolutton of oyanate ln al,kaLl halid.e rf,&s forned, |[hls

cxplalas the weak absorptlon at IL?O cm-I and lt sae

also obeerved. that grtadlng for a loager period. ln*
oreased Lts inteaslty. Due to lLnltecl eoLubtllty of
KCI{O ln alkaLt haltdee and due to llaltatlons of the

freEse drylag technlque, lt was reaLlued. that thls pro*

cedure Ls aot well sulted for naklng so1td, solutlons tn
thle ceso. Sr;rerlence wlth I{EOCI hae shorn that if the

loa dtEsolved has approxinately the same alze aa that

of the lon whlch lt d,lsplaces, thls teobnlque could be

adapted to uake soLid solutLoas.

$oLLd solutlons can also be prepared by fualng

a mLxture 1n a cruclbXe and, rapldly ehllllng lt. In the

case of cyanate a netalli"c crucLbLe le undeeLrable olnce

a metal. catalyres lts deconposltlon. though a porceLain

or quartr cruclble 1e preferabl"e, durtng rapld. chtlJ.furg

d.uo to e:rpaasion of the nelt of soLidtf,ieation, the

cruclbJ.e breaks aad the coolant entors Lnto the solld
and spoX"ls the nLxture. Though thle uay be & convenieat

genera). nethod for uaki,ng soJ,Ld solutlon, lt ls obviouely

not suited for naklng eolid solutlon of cyaaate w{th

eoatrolled, a.uount.
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Af,tsr theac faLluroc tt ras Occldod to use eluglo
orystals for obtalatng the epeotnrn and to rork out a
su!.tabLa sethod for the aaalyota. Xt has bcea pstatcd.

out that oyanate loa \ydroLyaco to COr' aad HE*+.

Ya:"iEua oourres arle sps& by rhleh aLthcr ffi4* or 00r*

eould bo cEtl.natad. Ey tho tcotopLo dtlutlon nethod,

COr' eould br estr.uats& ae BaCO, rltb a tsass apectron*

otctr. It la to be rsuspbered that thc oyanatc con6o&*

tration ta La the 1*I"O nloronole reage aarL gclroLyate

n6yer proocede to oonpletl.on ln a ncutraL med,lun. l,o1&

hydroLyele has ts bc avol&cd slnce COr' vlLI bc Ocoom-

Bosed and. alkaLinc hydrol"ysLe ia not sulted aXase slX,ght

ixposuro to atnoeBhere brtnge la nore carbonate iato
eolutiou than rhat Le produeed froa eyanate. Bsoauso
'of these dlffl.oultles, the ld,ea of anal.yalag the cryataL

by aaes epeetrouet:y raa 6lven up.

thE oaIy alternattvo ranalnlng lnvolves the

aaalysLs of SffU+. &ro nethoda ycr6 poea!.ble, elthsr
polarographt"eal or epeotrophotonetrJ.c. llb.e ilocteJ.on rs,B

la favor of tbc Lattar.
AnsoaLua Eal.ts f,orn oouplete aolld solrttou Ln

albal1 ballde alnoe tho alre of trEU+ and. K+ arc ooa*

parable r aad ffi4* glveo a falrly aharp and pure absorB*

tlon band at L4OO cu-l aad, thle bsnd has beon ugod ts
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go&struct aallbratlon curvas for SHU* Xo Olfforeat al-
keLt hallitee. 81noo tbe lnteaaltr of a baqd depende on

the eavlron'neat ln rhicb the abeorblng naterlaL ls
preeoat, lt ys.s neccasary to coastruet calLbratlon curvea

for each of the alkall hs.ltd.es.

^4. nlxture coatal,nLng knorn anouats of potaegluts

halld,e and. IIBUCI trae uad,e by nelghtng oa a ntcrobalanee

aad the eolutlon of tho aLxture uas f,roese d.rted. *he

drled. sample was n'ad.e into a Bollet and the epeotrum raa

rurrr fhe orLgX.na1 nlxture nas aade Lntentlonal}y Eor6

eonoentrated and other eoneentratlons sora obtalned by

dJ"Luting the orlginal nlxturc rlth correspon{Lng potac-

ELua halide. llhe eallbratLon plote ar6 shoua ta Flgure 6.

[bey alear]y ladlcate that the lntonslty of ffi** baad

d.ocreasee frou KI*KBr-trCLl elnoe dLeleotrLe ooaetaat of,

these alkalt halld.es d,eoreaee fron KI-f,Br-KCL.

lBo nake sure that thls proced,ure roul,d be eultab}e

for the analyais of the cryotala, a;rnthetJ.o nlxturee of
KBr and IX[00 uore uad.e and. r*ere treated wlth I nI of
0.039N hydtrobromLo acLd. and. kept aside for half an hour

f,or eonplete \ydrolyBls. then the solutton Has freeze

d.rled. the drted sanpJ,e was mad"e lnto a pellet and Lta

spsetrum seaaned, fron 40oo 
"r-1 to 6oo or*1. The coa-

plete abeeace of the most Lntenee zL|rCI cn-l band of
oyauate uas a aLear Lnd.lcatl.on that the \yilrolysle ras
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oonpleto. fho epeotnrn had oao latcnue psak around.
-l -1,O00 oB * and tbe other at 14OO c&-r nhfeh are due to

ffi4* (?9, Br U9r). llhe absones of any other peak

Lnd,toatee that no other Broducts have beon fornsd &ue

to hydrolye!.a. lilhe optloal denaJ.ty of L4OO cr-I band

rgreed relI ylthln enporl"ncataL 6rror ulth tbe oallbsa*
tLoa curve for I{flO* lo KEr. Thls la also ghorn ln
flgurc 6.

Bhc oryetels 1016 analyzed La tbe folLowlng

E&trBo.Rr FLrst ito LeaBthr rldth apd. tsLEbt rsre noasurod.

aad thea welgbad lnto a flaak. Dapea&{rg on its rctg[t
It uae dll.uted wlth comespondln6 aLka}l ha}ld.e so that
tha tota} ualght waa about O.4 Sn. It wae thea traatod,

rltb 5 rI of O.O14I{ EBr (HCI ya,s uaed uhtle aaa}yalng

KCI or:fEtal rhLle EBr yae usod whLle anaLyzlng EI

orystal) aaa kept eeLd,e for half aa hour. ft rae tben

frceze d.rledl aad noet of the drled eanpre rag resoyore&

and nad.e lnto a pcllet. l[hc epeetruu of, the pel]ot waa

eoaaned raptdly in some eascs fron 40OO-6O0 on-I and ln
aono other Gasoa f,rom 26oo-raoo on-I. on6 aueh cpeqtrue

le shoya trn Slgure 7, llhesc haye tndtcated tbat hydrol-
ys{.; !.s oonplete and. ao lnpurltlce havs been forqed..

then tt was sopnned. fron rToo-r2oo ca-lr &t elor pon and,

Arlrre opeedr tO get the Latenslty of 1r{OO en-l band of
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IdlH4+. Sho optleal. denslty wag road and wlth the aLd of

oaLlbrat$.on oharts and other d.ata tbat has boen coLleeted

the coucentratlon of KOltO tn the crystal ras conputed

a'td nae exprsssed. as mleroaolEe,/cn2. The conplote data

on thc analysls of tbe er,ystale &re glven ln table 8*

c) Iateqrated Iateaslty

lfhe lnforuatloa that hae baen eoll.eotod. so far
&ra the lntegrated area of each band aad the couceatra-

tLon of OCt{- ln the arystal.e use&, In add.ttLon Ln some

e&s6s the peak latenelty and hal.f lntonelty rtdth havo

aLEo beon &6aEured and ln souo other o&66s the lntegrated

area. has been obtalned at dlfforent sltt widthe. ft lg
poeetble at thts otage to coapute the abeoLute Lntegreted

tatensJ.ty. But due to flnltc reeol.vlng power of, the

lnstrunent tho clata that have been obtalaed gtvo oaly

the aBpa.rent lategrated lntenalty. Slnce the aLn sf
this rork ls to oalculate the obJective polar proportl.ee

of tbe molecule, tt ls necessary to conslder aethode

rbtch elLntaate thls aubJectnve feature and. give tha

true vsl.ue. Dlffereat nEthode are avallable to arrlve
at the abeoluts Lategrated lntenelty fron apparent lu-
tegrated Lutenslty or fronr apparent peak LntensLty and

half J.nteneity uLdth or from appareat lntegratod, area.

Three nethods have been tried ln thls work aad thoy aro



Table 8

Experlaental Data on the AnalysLe of OCN
ln KCI, KBr and KI

Eoet Ihtcknoas l{asa
Lattiea (ea) (Se)

I{ass of
alkalt Yoltua

H# (to-Zcn))
(m)

ltass of
Pellet(p)

Log(f.,/1)*o
froat

3
T[8,,. '+

epeetrun

ocil-
eoaeen-
tratiou
(nJ,cro-
nolea)

aI
ltlicro-

noles,/cn2

I
II

IIl
ECl IY

Y

rJ
YII

Q.167
A.rr3
o.rr5
o.r5t
o.4lt1
o.4L7
o.rL?

o.e965
a,2r?4
o.a*75
0.24lll
a.?874
o. a8,L
o.1.297

o.LLV?
a.a977
o " 1.66e

o.0985
o.1021
o.zLlo
o.1500

14.94
1l_.s
L?.47
Lr.rL
14.48
L4.2?
5.48

a.r7%
o.1glo
A.lVt+Q

a.ra}g
o.1915
o.t+or?
a.2275

s,15e
0.1.24
o.e67
a.rfi
o.e66
O.l}66
o.2?7

o,81
O.9*
7,4,
L.74
?.ri
e.49
L.50

1. gg

2.76
,.89
4.55
?.2'
7.29
7.r,

I
II

IrI
EBT IY

Y

TI

o.L5'
o.210
O.1rl4
o. L9g

a.272
o.L75

0" 1556
o. Loz+
0.0869
o.2094
o.utl
o.22A7

o.1980
o.?.J.,e.?

o. roe}
o,2L59
a.2425
o.2rg]-

,.65
,.72
,.L6
?.61
6.r7
8.02

o.27gL
o.2r?7
o.2gr4
o.2645
o.7726
o.1r2,

o.180
0.151
4.2%
o.410
CI,I40
*.7t2

a.77
o.5r
L.15
2,15
L.4rl
v.L7

2.10
,.49
,.2?
5.61
5.15
5.91' @u



llable 8 * Coat.

Eost tlrickneas
tattLse (ea)

Haes sf
a].kelt

llaeg halldc(ea) addcd
(sE)

Yolaat llaee of
(rs-2e*5) *?*i*

Iog(fo/t)n"x Ogf-
froa ---- cgncan,-;;r Hs::

sPeetrun neles)

eI,
IlLcro-

aolee,/cp2

VII
YIII

IT
x

XI
xIr

o.?r7
o.112
o.1,o
O.16,+

o.e92
o,ug

o.201.2
o,og1,
o.0504
o,1496
o.180e
o.1416

o.2887
Q,r?79
a.4ag5
*.frV1
o"4546
0. a612

7.rL
2.9,
1.8'
5.44
5.54
5. 14

o.ro82
o,3296
o. 1508
0.,690
O'!65L
o.L?r,

o.*48
o" 5o5
0. I07
CI"85'
o.585
o*gr4

2.22
2.L'
L.V6
,.51
,.r2
6,?A

7.?O
8.12
9.65
10. 59
14.7?
18.OO

I
II

III
trY

Y

YI
VII

YITT

orroS
o"0g6
o.184
o.190
0.1r1
o. L48
o. l9e
o.ug

o.0480
o.o58o
o-o9oa
o.1499
O.Ogl+r+

o.0912
o.1r1,
o.0881

o "1619
o.7er2
o.1768
o.,o44
O. 168r)
O.r*4
o.2870
o.5460

L.51
1.85
4.88
4.79
3.C].
e.9x
4.eo
2. gI

a,rfr?
4.7L25
o.rgrg
a"ffi,
o.4156
a.r6a7
o.31.89
o.rwo

o.1r8
o. L8L
o,18e
o.2gg
o. 116
o.280
o.,14
o"?%

o*4,o

o.6,
CI,67

1.CI8

1.05
o.99
L.lg
1..05

2.71
7.4L
4.Oe
4,2!?
4,r+6

,.W
5.4?
6.7A

@
Or
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d.Lecussed bel,or.

1) llLl,son-lrteLlty. &rtrauolattoq &!EEt.

Shls nethsd te d,Lscuesed J.n detatl" ln Append"J.x I.
Only tbe cesertLal detatls are mentioaed. here. the

absoluta lntegrato{ !^ntonalty At and apparent lategrated.

lnteneity Br dtf,fer from eaeh other due te flaLte eLlt
utdth . Bnt Bt '- ar ae n} (noles/en2) - 0. so the

val"ue of Br, rhtoh eeu be sbtaJ.ned by dtvid.lag the arca

by a1, is conputad, at dtf,fsrent va}ues sf nI for each

band. llhon Br ls plotted agaJ.ast nl, llhc polnta aI6

fltted Lnto a stralght ltne by the least squar$ nethod

aad the Ltno lg extrapolatod to aero aL. llhe Lntercept

glves the value of A I . fben the standard, devlatl.on ln
the latercept l-s calcula.ted by the nethod auggeated by

Beere (2, pr&1).

11) friaarular BIlt fransforn Eg!!g!.

Ia the oourso of the d.l.scueeLon of Llne shaBe

and, tatensity (OhaBter II, $ectlon e) lt was mentLoaod.

that the true Lorontlan l,Lno ahape can be eorrected.

for flnlte sl.tt rldth, 1.8., the true l-lne and. the

appareat llne ar6 related through a sll.t functioq uhtch

bas beea asoutred. to be trlaagular tn thls work. The

relatLonehlp la



f .-n r( td ar; ilo

I n*o) o)t ) or^l

& r *$

Srta rquatlaa glvce thc

be rcsd,llf scca tbat

aad,

*
af,ra ' a

llo tnnnsforn rn e$perent U,as to true llne
ncocaeerlr to knou the speotraL sLlt wLd,th

(2?)

shspa of a trua llnc* It can

(e8)

(e9)

rhLch

88

ilJtr
to (a6)

rchcre

fa (Ioll)ro ' *\2

lt ls
(a) at

tibo baad la nccordcdl ttc pcat l-ntanstty (fa (fo/E)rsr)
aud haLf inttuctty yldtb ( Alsp). so thE ttae haE

thrac ohtraeterLstr.o varlrbloa, */ Al'fir la (fr.ft)r"_
anf, Aie6, f,nortng tboar and rsferrS.ng ts Brntayrs

tqblas t 7a r p* 75),, l,t t r pogelble te gpt to
ln (IrlI)"** an{ OSfi. &ore glvc the valuos of, ro,'

to rquatLsae (eg) end (29). Xt tsand ! br roaordluE
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ahosn ln Appaadlx I that Lntegrated lntenstty le

A, ,. t,.(,fr.4
So thte affords another nethod by t*hlch absolute Ln*

tegrated intenElty cou3.d, be ohtatned.. But thLs netho&

oan be adopted oal-y tf the experinental. absorptioa curys

ls lrorenttaa ln ohape. Casual. exanlnatlon ahows that

the bendlas aode and Serml doublet of OCI$- arc LoreatLan

ln ahape nblle the \.,t el.?O ou-l band Ls aot, d.ue to tht
overl.appiag hot band." llhe oonpouents of the Ferml

doublet are too namow, havtn6 values tor a/A) e16 aL-

moat cguaL to Lf rhJ.Lc thla vaLue for the beadlng ao&o

ta bctroen 0"67 and O,85f uhlch faII beyend Eaneairrs

table. So tt rae rreoessary to extend. Rausayts tabl.e rh!.oh

uas carrled out as fol.lsrsr The values of ln (IolI)naJ/
la (to,/t)Ear aad. that of 4^4"d O)'rrread. from Hamsayrr

table for a glvea value of log (llo,/[)Eax rera ptotted

agaiast s/ Aa "16 *u extrapolated orrer a abort rang6 to
get an approxlnate value of these ratLos far a/Al ^yl *

Or7. Prom these values r&r and. rbr rcre oaLouLatgd".

-'lClrooglng Oo - 670 cm' the va1ue of L la conputed.

(oquatton 27) at dtffsrent valuea ofa) . fhe value of
-T.c-- ras read fron an orrponentlal table (29, po 28L-51O)

and. tebulated against the sorrespond.ing value of G) .
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A Eultable value was chogea for s and. uag dLvtdod tnto

LO equal dlvlslons and at these polntg the el.lt functloa

was coaputed, nultJ.plLod by r-L and lategratton camted

out uslng Slnpeonfs ruLe (f5, Br V4L). this glvea tho

aumerator in equation (45). SLaee a trLaagular sllt
ftrnction has been assu&ed the &ononlnator Ls nothlng but

the area of the trLanglo uhLch Ls equal to Br D{vld.tug

one by the other gLves the vaLue of [o,/1[ at a partlou].ar

sllt setttng and, thia ws.s ropeated. uatll. the baad wse

coyered.. Srom the rosulttng plot l-a (fo/f)rr* anA

A)^l*rera read., sl"aoo far and rbr 1619 aseumod., tha

werG

ratlo of ln (Io,/I)r** to Ln (To,/t)uax and. that of

A)

a/ 4?86 and La (8o,/)r"*. lfhe results are

'n, for thls partJ,euLa-r value

fhls rres reBeated for other

Appendk IfI.
Uslag theEe resulte the oxBerlaeatal i n baad of

OC$- b.as been ooxupared uLth Iroreatz Llne ehapa nodt fled
by flatte resolvlng po$6rr ffilerlnenta} and theoretlonl
data are shown ln Stgure Le aad. the agreemeat Ls qutto

close. In additlou the abso}ute iutegrated tntonattl.es
-'lof 5]0 en ' band tn KCI, KBr and Kf have alao been

obtalaed and. they are given ln [able 9.

^Y,'u aa
computed.

st a/ A) ^yi,
vaLuea of
gtven Ln



table 9

Integrated Intenslty of ,
tn KCl, Xtsr aad XI by Irlangular

^ Band of OCH
z.

Sltt traseforu l{ethod.

Eoet nIat-ir-"" (rr""o*Ii **/c*?) s/ a) a
14

airo-2Ad "rt
A't

,2

KC1

1.gg
4.6?
7,2'
7.r9

o,77
O,7V
Q.7g
A.79

2.62
1.92
2,*
2.fr

2.e8
r.go
1.OO

5.@

a.52 0.68
e.o6 CI.gg

L.9? A.7O
L.g, o.?o

AYe.

lg.og
22.27
1,8.82
18.7e

19.711.+

XBr

,.49
5.61
7 "70

L,*".7?

O.7?
o.74
O.?7
o.78

2.%
?.W
L.9,
2.7,

2.r9
1.97
2.O9
2.r,

18. 14
t9.7*
L7.4t+
15.99

18.1+1.L

1.1' O.8/+

1.91 0.86
2.4, O.90
9.* 1.1O

Ave.

rI
2.71
,.41
*.27
5"O9

O.77
o.78
o.70
a.67

2.44
2.42
1.85
1.68

2.79
?.72
1,95
1.62

1.29 0.84
L.67 O.8'
2,7L J..21

1.57 1.4O

48.16
29.rg
?6.2'
2t+.w

\o
H



*abla 9 - Cart.

Eart
tr*ttrh (ar.oronoteslcn?)

I
t-a

Arl.O -
"7a) 

ag a)**

-

A,t
It

f,r
9"47
6.7

o"?o
o,66

1.8,0
L.5'

r"6e
1.59

2.93 L"2'
4.52 1.56

"Ave.

2r.58
2L.6'

2j.l!3.Q

\o
l\)
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X11) Sero sl.l.t &rt[qeq]altoq Eg^!hg$.

Auother potsi.ble nethod by rhlch abeolute Lnte-

Efetcal lntenslty could be obtaLned ls by extraBolattng

the apparent lntegrated. area to rsro sllt wldth. the true

Lntegrated aroa (ts) t an& appareat integrated ar€a, (\)'
d,X,ffer because of fLnlte oltt vldth. So tt Ls to be ex*

pected that \ '. L" as I * O. $o the lategrated, area Ls

Blotted a6alnet aBectral allt ridth and, extnapolated, to

uero rl,dth and the tnteroept gives the true lntegrate{
&roa, LB. Ihts dtvtded. by nL glvea the absolute lnte-
grated, lntenelty. Shle nethod has been trled Ln thts
work ulth reasoaabLe suco6ss. The spectrum of SornL

doubLet and, beud.lng nod.e wsre record.ed, at d.tfferent flxed
ell.t rl"dthe. llho louset of these choeen was the one uhleb

galre the best reeolutlon. |[hen the sIlt rae Lneroascd, Ln

Lncrenents of 2O p whleh recordlng the compononts fcrul
doubl.et, and 5O p whLle record!"ng the beadlng node and

the lutegrated &r6a, uas obtained as deecrlbed, eerller,

I llhe cleflaLtion of L* aad \

L* . J ,"*ro ro/t d to6ro c^r

\' J losloro,/t dloerorr)



94

The data obtalued ars presented graphically ln Ftgures

Lr-L5 and also ln [ab].o LO. Abeolute lategrated Ln-

teneltr.es thereby obtalaed. arc 6tven 1n trab1e 11.

flbe three nethode used ln thls uork to amlve at

absolute lntegrated lnteaelty have beea described abovo

la general terns. Hext, the detalled resulte for tbe

ladlvLdual bande are eonsid.are& belor.

il) Bendlgts Eggg.

thts band. of eyanate ls free from overlapptng

bande and shape l"e lorentian. fhe lntegrated J.nteneX.ty

of thle baad has baen obtalned by ell the three nethoda

and. relevant d.ata are tabulated ln Table 12.

e) C0 stretqh (Serm* &oub{pt).

For a conplete aaal"yela of polar propartXes of
eyaaate Lon, the intenei.tF of d , U*od ls requLred,. But

aetualLy tt ne not observod, but transttloas frou 0 0o 0

to leve1e rhlEh are nLxtures n3 ) f ana 2)? are obecrved

at L2o5 "r-1 and 129?.6 cu*I ln KBr lattloe. {[hese ar6

oomponents of Ferul doubJ.et. Ebey are accompanted by

leee latense band.s at Lf9, cr-I and I]14 "r-1. fheso a:r6

traasltioas to Fernl level,s forsed due to resonenee bo-

treea 1lt O aad 0 ,'0. Berat trlplete due to Zdl,
ir*aln' and 4ia" *t z1gz or-l I a*g? 

"r-1 , ailoa cr-}



fabla 1O

Spectra). gllt IJlAth and Integratad Area of Bcadlng ltode of OCl$-l fo m

Sroqueacy EeChnrr{ ea}
8:.tt t td.th(r)

$pcctralsltr
ur,atb
(ur*l)

Integrated, 3rea, \ r f.OA

aL . 2.1O(r) &1 - I.49 B1 t
(rr1 9"27 al . 7.?0(IIr) (Yrrl

5rO cn*l

150

190
200
alo
2W
,oo
,w
400
4ro
,oo
5r0

4.52
I.O*
1r}i
7"VZ
I*68
4r21
4r7'
5.28
5.81
6.r5
6.88

4.72

8.O2

7.67
8.OO

8+2O

7 *7A

7,49
7.59

10*8e
lo.50
l0*84
10,20
lo. rg
9.82
9,72

10.o,

14.,o

I.I.72
u.90
L1"*A
1,.10
1,.,12
tr,.m
L?.n

2A.57

eo. 19

20.m
L9.60
L8*SS
l,8.rI
18.m
1?.{O
l?.9}

\o
Wl



Eabla 1O - Cont.

Sroquercy
(o.-1)

llacbr,rnlcal
81r.t l{td.tb

(r)

SBactral
811r
$iarh
(er*I)

IntcgratedArear\x10*

aI -5.& aI-(IIr) trl * 7.65(rrr1,.59(ff)

1205.5

+"49
5.10
6.10
7 *2O

7.W
8.60

10.55
10.19
9.75
9"72
9.17
8.89

15. rS
1r.1,
x.a.Jl5

Ie.sl
IT*5}
1I. L4

15'91
1.5.68
L4.91
1&.L6
L7.*
Ir"re

80
lm
1)o
150
180
aoo

L29?.6

9,fr
6.rt8
7 "8,
9.1.8

Lo.08
LO.98

1,.o,
L?.67
1l.8irt
Ie.01
tl.o,
1r.01

16.0,
15,90
14.66
14.17
Lr.72
1I"68

18.96
1g.w
18.07
r7.CI4
1:6.r,

80
100
lro
t@
180
aoo

\o
Ol



8ab1* 11

Iategrated InteaaLty ef OCry" la XEr lattlce
by 81tt &trapolatt oa fIcthod

8aEd,
*reqtreucy E1 L,- tr lo* x (A.r}r)a

("r-1) (nlcronokaE/e)z) -
ar (rs ro2 rolc-lsn?)

6fr
e"10
I"+9
9"2?
7.7A

47"67
61"07
77*99

L22.4V

*.?
L7.'
14.9
19,9 Avo, L?,U\,Q

1eo5.5
5.&
5.59
7.65

66.&
84,4C

1OO..9CI

Le.7
15"1
l"r.2 Ave, tr5.?91,O

lega.6
9.&
5.99
7.67

94.ffi
97"9a

111..98

18.O
I7,5
1+.6 Av6., 16.7!1,5

\o{



InteneLty Data for ) ,

llab}e La

(nenatag hrnd.ameatal 620-6/[0 or-1)

Eost
Irattice

and
Sanp3.e

Heehan-
1oaIsllr

t iitth
(p)

Spcctral
sr.tr

1{ldth
(c**r)

B' x 1o-2
7e-,-

(aotc*le#)
A)^yr ln([o/t)r"*

(*r-1)

Ar r ro-2 (nole-len2)

Hethod, a llethod b I'tethod e

KgL

I
IV
r

YIT
III
vr

1.6
V.2
1.2
,.8
,.2
1.8

o.49
1.10
l. ro
1.,1
o.92
1.09

j.56
I.4O
2.fr
e,40
,.L4
2.09

150 ?,7s,.

19.09
2?..27
18.82

21. )3L.1 lg,?e
.&ve.
19 . ?tl .4

I
II
IY
XI

III
xIr

210
150
150
zfr
190
2ro

,.ra
2.61
2.61
v.68
3.O4
,.68

4.3
1.5
7.'
4.7
1,6
6.?

o.65
1.rl
L.4'
L.7l
O.rl4
1.60

,.,
5.5
2.8
2.1
?.8
2.1

eL. oo
L9.74

19. 11o .9 ,? .*
16.99
Ave.
18.8$..5

22.7
L7.'

L5.9

14.8
Ave.
L7 .7!5 "A

\o
@



|[eble 12 - Coat.

Eort
IsttlEc

aaC
Srrplc

Hroher
t Erl
81it
i,fl0th

(p)

ftrectrel$1lt
ulath
rofrl

af,it
(o"-1)

ln(Eo./l[).r- Br x 1o-26;F
(roro-lcn2)

ar r r0-2 (ao1r-1en2)

llcthed a ltethod, b llethod o

I
II
IT

XI II
TTI

XEII
rrr

4.36
+.og
9*76
1.&
4.09

4,56

eoo 5.17

29.16
29.rg
ffi"r,

e?.6!a.* ?,4..n
?L.gg
eI.65
Arc.
ar.r?gi.o

[bthod
llathod
l{etbod

al's
ble
els

lll.lcoa-tlatr ls }tothod.
SrX.angular SIlt treaEforu l,[ethod,.
7*ro Sllt &xtrapolatloa *lethod..

\o
\o



100

ard 2 i1* i 5, dr+a ) a"*1, ana 4l a"* ) .5 *t 4924.? t

t+62r,0 and 475?.5 as-l h"r" been obeerved and traneltlon
to Fsrnl trlplets Le frou the ground state (21 r pr 774).

It ls clear fron these oqnsLd.eratlone that to computo

the tntenslty of, , band. t.t ts only the slea uader
r1

1405"5 en'and. 1296.6 n*-1 band uhleh should bE takon

tnto account. the l,ntenalty of these baads bave been

obtaLned by l{lleonfs extrapolatlon nethod and. by the e}tt
extrapoLatlon nethod ouLy ln KBr lattlce and. d"ata are

gLven together l,n Sab}e L7 for purpoeos of compartaon.

Addltlonal d.etaLle are found ln [ab].e LO.

f) cr Q?qetc4.

llo stud.y the lntenrtty of a band,, the conoontratlou

of the absorblag nol.eculo gbouLd be such that the aaxlmtrs

peroent abeorptLon Ls botucon 5O and 7O. thls BnsursE

aceurate results. UnfortunatoLy, thle baad belng too

Lateaee, 70?6 absorptton osrreaponds to very lou eoncen-

trattoa rhLoh oaanot bc aaalyred by tbe nethod ad.opted,.

So lt was lnperatlve to obooee crystale of hlgh coaosn,*

tratlon aad S aboorptlon of oryatel.a choecn was betwceu

80-95%. SLnce coacentrated crystale uotre ehosen lt was

poealble to obaerve the *l! peaks whlch hae an absorptton

of 15-20#. 'rlhlle scannlng thto band, eultablo g€ar ratlo
wae used such that the two band6 uer6 rrell eeparated,



Bable 1,

I.ntaaett'y Bata for -) I aad 2 ) a
Bead Ovortona (X&O-:.,OO

(Go gtratoh,

"r-1)
Eost

L,attLce
aad

Sraplc

Erogucaey
(or-l)

l{cchsnleeLsllr uldrb
(P)

Speatral
81tt
ularh
(er-l)

urolcs,/GrP i:t*:':r atxloBr x 1o-2 -3 (nole-1qn?)
(e.ror)

,elc-lcn? Ecthod a l{cthod b

12IO. ?

l,ggo
I"87
*r6*
7,Lg
7.4

lr8?
L.gs
lr8?
L.68
1.6S

lO.9!0.,@ 1.7

L297,'

1.985
,"88
416'
?.2L
? "27
7.rl

2.92
2.7'
2.7L
2.VQ

2.CI9
e.I8

17.?!Q.+60 4.68

I
Ifi
IY
r

rI
ESt

x
IrI
IY
?

YI
YIT

Ho
H



tablc L, - Coat.

Eort
Lattlee

egf,
Srrplc

Ercqtraacy
(ur-I)

!trechanlcaL
ELtt t{ld,tJr

(F)

Spaetrsl.
81tr
ulath
(ca-l;

Br x 1o*2ffir
roLr*rE#

urctea/scA
atrlo-z (aoro-Ie#;

!{cthod. a }tatJrod b

II
rrr
IT
rr

YII
XI

II
III
IV
VI

rII
tt

leor.5

I.*7
5*?6
5,59
6,6S
?.65

l*.7e

+.e

e,r5
a.ol
?.rr7
2,14
a.08
tr.5e

80 1}.r90.6

I.2.7
15.1

Lr.2
Avo.

11.?$.O

1e92.6

5**7
5"&
,,59
6"69
?.65

14*7e

2.97
4.48
2.86
e"7g
e.47
e.oe

16.?9.6

18.O
L7.'

14.6
Ara.

16,79.5

80 5.58

Ho
N
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l.ndLeatod Xn SX.gure 2. Sttll" there le a regl.oa ln whtch

the trateaelty ls sharod. To apportlon the Lateaslty bo-

tween theee tro, tbe tro band,s &re eymnetrtcaS.ty exten0ed

oa the Louer and hLgher frequeney slde as the cas6 aay

be and the ares, un0er the eymnetric band Ls computed.

thls procedure ls quito reaooaablc rhen the lntenaity of
one of the band,s ls Lor conpared to tbe other. fho omor

introdueed. 1o ?# tn the o&s6 of, the atronger band. and 1O%

Ln the cag6 of the weaker bsad.. So tbe orror tn the araa

sf the otrouger band ls rithla experl.nental emor. fhe

eryerl-rentally Eoasurod iatenatty of thls band ln KCI,

KBr and XI le ehomr la Flgrrre B. the ebsoLute tntegrated.

lnteasity of thls baad hae boen obtalned. oaly by the

lJllsou-tlells satbod. frtangul"ar aLlt traneforu netbod.

could not bo adoptad slnee the rhape of thls band J.s aot

Lorentlaa d.ue to overlapptng bands. though thj.s band was

resorded at dlffercnt eIi.t wtd.tbs, the partlcular cryEtalg
ueed couLd not be analyae& for thelr cyauato consgntratl"sn

slace they y6re too dllute. Sanee the Lntegrated Lnten-

slty of this band has not been obtatned by sltt ottrap-
o}ation method. fhe Lntenelty obtalned by LlL].sou-irtrelts

uethod. l"s tabuLated, Ln llabl.e 14.

to stud.y thls band. it uas tnperative to chese

oryrta3.s of hlgh concentratl.on aad ooneequeatly Lt ras

poeatble to obeerve tle Cl) peak. fhe natural abrrndaaoc
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llable 14

, (Cs Stretoh zlm-aaoo cn-l1

Eost Lattice
sld

Spact nen

llcGhaaicalslit utarh
(u)

Spcctral Sltt
HlAtb
(o*-1)

Bt x 1o-2Ar",f Ar r 1o-2
tnolasr/oeZ

nolc-l gn?
(nole-I es2)

I
rrl

rg1 rY
Y

rII

1,gg
I.89
4.#
?"2tr
7.r,

15.17

8.W
9.??
9"*8
8.9)
7,r5

,a 48.OO91O.28

T
rI

fBr FIII
IT
x

6.16
6.91
8.Ie
9'66

10" 59

15.17

9.16
9.OO
8.rlo
8.60
8.57

50 55.r7!2.6

III
IV
r

rII
rI

4.04
,+.27

4.46
5"4?
,.40

15.1?

L6"r'
1r.59
15.1,
L5.71
14,8S

fr 81.91t14.O5
Ho
.F
p
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of Cl' le L.ltr end, so tt ts to be expeoted that the ln*
tcngittes of C12 ana CII should bc ln thls ratlo. But

the aetuaL value ar6 vsr;r muoh d,lf fereat. tshe cxplan-

atlon for tho d,X.seropaacy is that tbe absorptlon of CI}

Le lou rhieh hae varle& bttrton LA-?916 and undEr sueh

olrcunetaaees the Lntensi.ty ecasureaeat nay aot be

qscurate. On the other handr lt ney be true that the

la too largo.

muro Lu the KI

ar6a uad,er Ola peaf ls not accurate, slnce ttE abeorBtion

Slace the absorptX.oa of 91, peak ls naxl-
crystals, the area und.er lt bag been Goru-

puted Ln thts oase only and the (apla0 vaLue has bcen

caLouLated by the usuaL procod.ure and the d,ata are glvca

Ln Table Lr. It is to be poiated out, thougb ombaraeelng,

that there J.s wXde dl.fferenee betreen the vaLue thus ob-
't?.talaed and the vaLue obtal-ned fron the area und,er C'-

though they have to be the snn6 and tt ls comparable

those of, CO, and l{r0 rbi.oh are LeoelectronLe ytth O0If-"

$lslLar calculattona eould uot be dono wlth KCI and. KBr

slace lt uae uotlced that apparent iategrated, latensJ.ty

varied betreea extrcnes, ludLcating tbat the meaeurement

of area und,er 012 peat Le J.naocurate because of Low ab-

sonptton.

I

to
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Sab}o 15

Intcaslty Data for ) , ot Ocl)n

(o'ff strotch 2099 on-l; h Kf

n1 A I x Io-1 lAFla q

ao1e-len2 l"-o', uaO'Ltr 1o-8 rolea,/ea2

2,99
,.75
4.42
4r?O
4.90
,.60
6. 01

?.oe
s.5s
8.00
6.70
6.P'
9,r9
7.OI

41.26 t289.

g) Dloole !.Ioqe+t ggg }[g Derlvatf,veg.

tlhe aala obJeot of, tbts ucrk is to coarpute ?F/Dq,
?1./a r and p values for OeSi ( D p/ D q) vaLues have bEea

oalculatad uslas the relatloa (eZ ) uhlch involvee &

oorrectloa for the polarlsabl.ltty of the sol.vent. lfhe

refraotl"ve ladex ueed j'e that of, the alkall hall.de at
band. fraquency. Dlpolo monsnt aad Lte dertvatlves oom-

puted have aublgulty ln eX.gn. Ehey ate preeented ae cuoh

ln thlg seotlon aad taksn up later to decl.de thelr sX.6n.

Aa uauaL each band of, OC[* hss lts oun pecultartty and

ao Le coagLdered lncLivLd.ualLy.
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1) Dlpolg nonent DerLvatlve with Besnect to e,,-* -,-r. -2'

llhe oonputatlon of thts Ls stralgbt forward and,

the vaLues obtalaed. are tabulated. Ln EabLe 15.

Sable 16

rcV ael) Yclues for OCT- fa xCI, EBr aad, KI

Eogt lratttce t( a V/O qi 
""u 

g-f

f,c1
EBr
ru

106.7
1I1.7
LVO.6

fr) 41no1.e Hqueq! Pep{vqt$.ve rttb Re.qpect !g gt.

ft hae been potnted out that the tutenelty of j I
band oan be amtved at fron the tnteaslty of Ferni

doublet, rhLcb &enns that A{A Q1 va}ue caa be obtalnod

fron the latenel"tLee of Ferni doubLet. In' harnoalc

oscl.lLator approxlmatlon the X.ntensity of a band ls tho

sum of all tntenelties d.ue to traasLtlons d"LfferLng ln
quantun anr.uber by L, thts h.aE been takea Lnto consld.er-

atlon ln d.erLving the errpreeston (9). A brlef d.teoussl.on

glvea earlier LndLcatee that Fernl d.oublete are d.ue to
alagIe traasltlonE and there ia no overLapplng of ln-
tensity oa then due to transltloas fron excl.ted. statoE.
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Coneaquentlyl equatloa (5) ls not valld ln thts saae aad

bas to be sultabLy nodLfted. llo nake the treatnent IesE

anbL6uous, the transltton momsnt satrlx eleuents havE

been eonputed flret and thEa the ?y/AQ valuee" B6-

oalLing aa eart"lor step that led to equatlon (5)

J"r' r I ooll

luortau {r-*3i#*J 
2

a
I uoJ I tt'

dt s'ir,rq!- ! q!+H'.rt ,&O

g'ir,
I rrE!ilE

,Ec

sT7r rllt-
,tro

- srI-.
'ac

(so -

'tt'
uJ)

I oorl - srp
*"3"i1

kE)

uhene

trr.u[r-&rr,%*]2

$tnee tr and. @ nJ are knorrn, ffr can be computed.

Ar . n+r J -rrr9. y# lonlt'(#)'*
Af,ter eorrootlng for refractlve tad.Ex of tbe medtun.

llbe uavc firnctl.on for hlgher aad lower Ferni leveLs ar@

respectively
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*t r *Yrooo *fl11oo

^fn r bYro"o+bYg2.g

Ior cJ og r Ie92.6 (1s XSr)

ar . # - (+*l t*"p(*yro,o 
* tsyoz"orod]*

'#'(#f [*.*n"-1'
ScrE

il* - 
[+oF%on oa(

aDf,

o ' 
J^YEPYsso6dt

d+-br{- r rrffi(*)
lor k) o, . 1a05., (fn rnr)

a, . # " (#l lJt(byro.o + etoe.o,nd 
*

8o
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bM++al'I- - ,/W ('f")

It has been shown La aa earllor eeetlon (Chapter Itrt

seetlon e) that far and tbr eaa be erryroeeed. Ln terms

of A , the ctlffenence betwcetr the pertu-rbed. levele r elxd

Aor the dJ.fference betwoen the unperturbed. lovel,s.

A ts practically the a&ms in all the three oescs ead

tt ls aseumed A o I,s also the sam6 r & * 0.7117, b *
0.666,. Sl.noe eaoh of the slmultsneous equati.ons to be

soJ.ved to arrLve at Ft* and. I1[* have two poaetb].e valuea,

eaeh of, the traneLtLon moment uatrix elgments has four
poasible valuee. lEhey are tabulated La tabl.o L7,, fhe

ralues rlth r uark cannot be aecepted., etace they lndl.-

sate that overtone l"a atronger thaa the firnd.aruental whlch

Le u.nreasonabLe. Sron the aecepted values of !1* aad, H*t

? p/ D Q, ana Vapn/ ? Q22 are computed.

H* - J*"*to"oat
E 

(, 
;-

-bL
"Qr

r{- ,. J*"nYo*oat

ELnoe ln this tranELtLon an overtoae leve} tE involved,,
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Sahlc X?

PoeElblc Yaluee for !I* a&d l1[-

Socsl,ble Stgnc
Eoot L,attlqr of 

ffiXLIiXT*
[* r roao s* r xoao

f,gL ++
*s

+*
$+

++

+-
o+

++

+r
s+

ffi

39.ae

91.57

!9. r8

$L.04

tll,16

tl.O9?

+o.54

-l+9.14

iCI'o5

*a*11.1

{O.1,

*a
+11.11

f,3r

thr quadntlE tsrna tn Saflor tcrlar orDe[sion of d,l-

Dolc ronoat havc to bo Lnoludsd'

F , Fn * (8e)" %. t (##l %e *.r,.

s*,Jv, (po * (BqI % + &(#) %e)

* s2"sil(
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the latograad lnvolvtn I +AA le asnvanlehlag whLlc the

other tro aro Eoro ( 5o r pr a9O), 80

_ r L/fr. fri* . **

I OOoO - OZc6 a:Ro oonputed fron anharuoatctty eonetaats

glven by l{akt C 22 , pr 1}1). slnqe ao accurate d.ata are

avallable for the f,CL lattlcer the second dcrtvatX.ve of

the dtpolo noment Ls not computed ia thts oa$e. Table 18

J.aclu{es vaLues of ? p/A Q1 and VaY/ ? qea ,

table 18

(vy/aeI) and QzP/a%?) Yaluee for ocs*

ta KCl, trBr and f,I Lratttces

*1Trt". t(?p/? er) ,*o 64 ilaayloqa\ o'u otE-18*1

rcl
f3r
rI

61.86
62. e8

?*,18
1.89 x Lo20

9,t+4 r 1020

i11) Dtpole llloment Dertvatlve with Respect to

IutErnal 999EB!EE!98.

At tbLs stage lt
coordinates of OC[- Lon

neceeaary to caloulate norual

that (7t tZ Q) values oan ba

1s

so
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traneforued into (a p/?r) values. She potentLaL

eyanate ion tEfunctlon for the harnonl"c uotX.on of

2v r tU"12 + EZZTAZ + Ftz=L"a

where r, le O-C distance and r, Le C-l{ dLetanee and F*
and F* are the eorreapoad.lng f,orce constaate and. I'rn

ls J.ateractloa force coastaat. the bendlng coordlnate

le lgnored ta the above expreselon sl"nco it d.oes not

Lnteract wl-th stretchlag uod.es. Assuutng; BUoh a potentlal
firnctLon the force sonrtent for OCI{- Ln KBr and KI Lat-
tloee have been ealculated by l"lakt (22 r F. Lril. For

KCl. Latttce force consta,at eiui.J.ar to that ln KBr bas

been aseuned.. llhey are glvau Ln fable ].9.

fabLe 19

Force Constant la pdya er/i for OCI{
tn KCL, EBr and, KI L,attlces

rta9eerttSost Lattlce

KCt

KBT

KI

lI.OO'
11.0O'
LL.o28

L5.879
L5.879
t 5.51e

L.4ae
L.422
L.rr2

It has beeu showr that
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(tG-EX)(l*r)'x : o

^A * 4'ii * rnt nLorr c,D" le rgui.ltrbr!.un frcguGaGlr tha

tX.cnaata of L-l natr.Lr am uorded to trsasforu dlpolc
uoaeat derlvatLve ulth respeat to asraal eosrdLaate to
dlpolc roncat d,arlvatl,vc rlth recpoot to LutcraeJ. Go-

ordlnatc. fbo oa].oulatl,oa'Le cbom la dotall for ths

ostc of poteasiun X,oill{t* $l.aso forcc eonstaat tn thlr
lettloe ts knara, the cqultrtbrLru lraqucnolee aro oal*
oulatcd. rlth thc ald of cguation

(Fo-sXk) . o

7. (#*=f
lho clcnoats of, O nntri.x n:rc

ott'Fo+Pc

eea'Fc+fr
OfarOat.-FC

nbom utg atre reoLprooal AIIII



u5

lfhcrc stnultanoouo oquatloar glvr

r l-e4r86 (evcragc)
-ttr:-ituLa

-l
'et
-t
uza

-I. 162O6

-1.09503

*O.?09&9

-O. r?O59
*O

l[heac slru]tencoua oquatloae 6Lvc

| *O.r4089 (lvaragc)

lo Oeterulae tho va!.urr of claucats of f,-1 elenents

unX.quely, tbe folloylns Borss.Ilrtng condLtlon la ueod.

(L-r)'(r,-1) . e-I

tho Lnvorrc o glaaentg anc ooupr,lted frsa thc fol.rorin6
soadt tl.on

o.97019

*L.095O?

-O.?09*9

+L.56206
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f o*, os,g,-l .
\t'

ttri

rLcrO ttr : I tf, t . t*, Othonrlco lQr,or fllre tavcrto

O clcrcnts art

OU-t . 16.*4lexIo*?4

-10rA-'I 1,'*9610r10*8*

Ofa r 8,89firx10*2* | S*r-1

Sror tbe ratlo of l,-1 llencats aad the AqrratLona that
-1 -lralate L'olcneata to O-'lloaeats, t*tr elcusnts arc

lolYcd, llbey are gtven bclor.

-tLU-^ - gi.$r?L7 (+)

\.a-1 ' t,-0969e (+)

[nr-t r t]..2558] (+)

,re-I 'n i2.4}0t+ (-)

(u 1o-12)

% - )- (r,-t)*, rt
l--At
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Llhea normaL coordlnate ql chaagee ln posltlve sense both

r, and r, Lncrease whll.e the change ln nornal eoordtuato

QI tncreaseu rl and, decf,@&$ea r2o Based. on thls, the

BlEn for L-I elementa are desLded and. they are lndlcato&

beEJ.de t&e comespondLng rr&lues. Using the followlng
tuo equattonE d{a r, aad. ZNAre als caLculated.

.-R#- - -r +oHr '11 & ,rr*'

*q ,ra-' + ?u -r
"% 

taa '

5n

of cyanate ioa glves

for the
rol)re-

?uq
?p
?rz

Slntlar calculations are camLed

lattloee and. reeults are glven Ln

lv) Dtoolq l{ouent.

fatensltf of the ben&Lng nod.e

the d.Lpole nonent of the uo}eeule.

E,

E",

t llhe norual coord.l.uate 1
sake of oonvenleuce whltre
sented ty Qr.

l.rfu

ie represeated. by %
Ln other plaees tt te

out for KBr and KCI

fable 20.
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table ?O

(O p/ a r) Values for OCI{-
ln KCL, KBr and trI L,attleea

Eoat G lr/ a er) ( aMa rr) (a(Ora)
Lattioc CAFZZ'EP (tn ro*10 cEu) (ta to-to eso)

KCI +

T

KDr +
_

XI+
-

*3,69
$.08
lr.77
$,or+
*.r2
11.22

10,,?V

t4. re
to,84
34.65
tO.86
di.48

lco
s *- W 6 *E+f

Fs ,. pr* coelP - Fp ,o" { 
yp = ltco

px ! FsnsroY*halafi

Fn (Bg-)e

(3+)"-Fcu#+Pp+S
Xf Co le the equlllbrtun dlstanoa fron oenter of gravity

"o0n+nr0r*nNCS 
a O (1)



lrg

(2)

(,)

. a"P a8rrcr -5F I -6-fl

UaLng (L) r es,rorstoas for
lateratoutc dlstanoc caa be

(S), (,) and (4) lt oan br

(4)

ne'gacg and

thesc nnd

a6 av
ffi 

--

ae ae

UaLa6 tbla aad tbc sth*:r raX.atLoa that

df/ae + afilaa * I

tbc absotutc vaLuca of a[tEe ana 7*/D6 oan bc

obtaLaed.

affrce 0.481

o.519

a

a

t'CO O+rCC' C+DfCf S r O

'ooo 
q+ * ,ccc *- * ,rfu 3# : o

. a6 ?60tco -?'F ' -tE - ?5c
rdT.

o3c
?T

S* t 
" 

La ts$ng of,

&erlred. Uslng

rhoru that

Vtae
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?Fx ?1.- . DQt ?u ? r!-6T.'7qlaE'"dsun

tr,-I)r, (r,-1)r, . u,r-t , L/g*

ett r #.m+Fc t*.#.'q#ffi]
r E.OOO x fOI9

nrr*t I 5'ooorlos

brr-l r 2.24 r 1o-2o

Staoc tbe cceoad. d,srlvatLve of, the dlpolc noaont aould

uot be aceu^rately obtalned. nu ffl, d.ue to rcaeons

ncntioaod earlLcr, thc dlpoX.o nouont of Of,O-, only in
f,Br an0 ff lattlsts hnvc bcqn oonputed.

EBE

aq/a s $6 ,51 z lo-ao

rI
!6r.1X r lo-eo

ffnfa ee t, 9.4, r 1o-3o IS?.ao r l'0-?o

Solvlng tbe folLorlng tro ainultansous eguatloaa, the

tadlvldual. ban0 uonontE aro obtalned ead they Ers

tebulated tr Eable 2I.
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2aFn

E;f

9# : Pcu +Poo*

' ?on(#)e *uco(*)'a

d+
?T

lablr 21.

Sond Hontutr of, O6[ ta EBr
md fI la Dcbycs

( a 11.,/a O)

( ?'p"/D O')

XI

90.81
90"41
tI"69
t0.??

lo. r4
90.70
30. ro
+1.9I
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vr. Drsoussrotr

Up to the present tlne, tbe Lntenclty Laventt*

gattoaa camted. out har6 bosn Goneorned wtth the Bas

phaCIe or the llqutd phase. llh6 eolld pbase Lntenslty

work app6&rs to bc at lts tafanc;r.

fn the rork layolvtn6 the gas phaae, the lJ.nos

of rotatLonal. fiae structure essompanJrlng tho vlbratLoaal-

rotatlonal- bandE in a gs.s ale too aamor to oamy out

abeoLute Lntenslty ueasuremaate. llhls le a coagequoaoc

of the llnlted resolvl.ng Boyer of the tnetrunsnt. to

ovaroono thls d.lffleuLty aad nake lt posslblo to apply

the Hllson-1{eJ.l.s oxtrapolatlon theoreu for absoJ.ute Ln-

tenalty tseaaurements, the Llnes are broad,enod, by ln-
creaslng tbo procsurer But the absense of rotatLonal

ltnes ln thu opectruu of a aoLesule ln the sol,ld. phase

gj.vee rise to narrow b*nds and lt ls but aatrrral to
queetl.oa rhether reliable tntenEtty d,ata eould be ob-

tatned under such elreumcta,nces. Itr ad&ltlon, other
probleaa to be fased ln solLd phase lntenelty work are

ecatterlag and. refleettoa at the aoLJ.d sruface. theee

phononoaa are depeadent on tho partLc}o El.ae. llheee

polnta have to bo bsras Ln ul,nd rhlle consLderlug the

results that are obtalned ln eolld phase work. the

anaLytlcal nethod used in thle work, thougb Brovea to
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bc qul-te Eatl"sfactory, J.s perhaBs responslble to a large

exteat Ln lntroducl.ng error ln ths resulta. In preparlng

eel"lbratLon curveo for the three alkal.i hal.ld.ee, tho

anmonl.um aaLt ueed, ras SffU0L. It nay be argued that
MO* ln the pollet ts sumound,sd by loas of dtff,erent
polarlzabtltty, rhich affeot the lntenslty of *O* peak.

llhe comesponding asuenlun hallde could have been ueed.;

horever, tt aay be argued that the very l"ow coneontratton
(h tbe ratio of II20OO) of ehlorLde loa rould not alter
the sLtuatLoa very much.

fbe eolld sol"utlon of SH4C} and alkall. haLl,d,e

y6re sade by freoze drylag an aqueous soJ,utl"on. A slnlLar
procedure w&a adopted i.n analyzing the crystal. To

eaaure untf,orn d.lEtrlbutioa sf the ffi4* or OCIt-r &B tho

ease nay be, the soLutLon s&s erlrled ta the fLask a

large number of tlnee. Dlfferent porti.ons of the freoze

drled sanple uere taken and. spectru.n uas run and the

Bsak Latenalty d.lffered by IS. In addttion, tbe pellet
raa tsouated tn d.lffereut posi.tlone and, speetrr:m seanned.,

there was hard.ly any d.J.fference botween d.iffereat scene,

thus lndl.eatlag that tb.ere te uniforn d,tetributLon both

Ln the firoeze drled oanple and. La tbe pellot.
PartLole size ln the peIlet eould vltiate the

results to a conal,d.erable extent due to scatterlng
Losses. It hae beon obssrved by Ster+art (19, p. +7 )
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tbat transnf,ttancE ls oot consldorabLy aLtered over s,

ulde range of partlcle rad,tt (f,ron 1,0*10 f) provld.edt

the abeorptLoa eoeffLetent Ls Low. the l"atter condltLon

lE true in this work. though no attempt hae been nad,e

to aeasure the partlcle etro ln the pellets, lt cl,n be

taken that lt le rithln roasonable Llnlt, el.nce a good.

Beer I s taw plot has beer obtained. Ln ffin* callbratlon.
The enal.yele of the crystal bas been eamted out und.ar

ldentl"cal. condi.tLons aad. so lt ean be takeu for granted

tbat no sr.sable Grror has been intro*ueed d.u,e to partlcle
etse ln the quantltatlve ana).yels of the crystal.

Aaother source of enor l.e due to luhonogeaeoug

OletrJ.butLon of cyanate ln stngl.e eryrtal. l{hea a stagLe

or?sta1 ls pu}}ed. out frou the neltr a coacentratlon

gradtent exLsts ln the cryetaL. Ar atteapt ls nad,e here

to estinate tbe 6mor by ooneldorl.ag extreme eases, wb.Loh

nay not be true ln an ectual sltuatJ.ou. The coneentratlon

gradient nay be &oroas the leagth of the crystal. or may

be along the heLght, aE ahoua ln Flgrro L7. the two

eaasa a:re coneldered. separately.

ConeLdering the caae where the coneeutratloa

gpad.lent oxlsts along the leagths tbe crystaL le por-

ttoned to a sunber of blocks dlfferlng ta thicloaeeE and

concentratLon. If In ie th6 i.ntanelty of iaetd.ent

radlatJ.on aad I1r fe . r . r Ia-1 are the inteneitles of
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gl.vea by tbe reLatlon

h lo,/f . a*cJ.

wherc n aad 1 are tbe total eoucentrqtl.on and. total
length of the orystaL, respsctiveLy, and. a* ls the

experLuontally Bes.6utr6d. aboorBtlon ooefflclent. If
each block lE aseumed ts be lnflatteelnally euall; thc

dl.strlbutlon of nol.EcuLe lE unlforn and. absorptLorr Go-

efflclent woulit be the sage. thls wou}d be the Bb-

oorptlon coeff,lclent la the cryatal lf the ctlstrlbutlon
Ls ual"fos&. Representlng thle by ct

o/ot a orlr I lak-*. 1.1, -1..',...'. 9a1r,
CI

Ia a sltuatloa Ltke tbis lt te hard to eetimate tba

emor La the e:cperiueatal val.uo of o* tn the abseuce of
deflaLte values of, ortE aad olt". But certaLa casas saa

be ooueldered. For exaspler the crystal oan ba tltvlded.

tnto tuo equal. bJ.ocks, ona of, whieh te conpletel"y f,ree

frou absorbiug naterlal wbl}e in the otber all the nolc-
culea are conoeatratcd. fhle Lntrsducen 1OOS emor Xn

the experl.uentally neasured. va1uE uhLah ta b1ghLy un-

rea.sonable. In the absence of re}LabLe data tt ls
cltff,lault to eetlnate emor due to lnhonogeueous dLe-

tributlon of cyanate ion in the crystal. Xn the other
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saasr &s sho$n tn Flgure L7 t a sl.uple sltuatLon Ls 6n-

vlaaged l"a uhlch a part of, tbe oryataS. X.s frse fron ab-

aorbl.n6 noLecule and. Lt le coacentrated eatlrely Ln oae

part, Sbe foLlowlng re}attena aaa be readtl"y yrLtten

d.owa.

*t I (x/aL) (l.a rloll)

ox*tlnr-rfu"q
where c, and. ax &r.6 true and erBerinonta).).y neasured

absorptX.ou ooef,flclent. Uslng these two equatLonE &

reLatloa betreen et and. a= eaa be d,erLved whlcb la

,ua'cl r (I*r) * xq*t 'cl./x

A slnllar equatlon hae been derlved by Norsaa Jonee ( 18 )
and lt h,ae bcon estLuated" by hln that for a LOS freety
transnlttlng spacs aad for a true optlcaL density of l,!,
thc error ln experl.uentally ueasured. absorptton coeffi-
aleut coulcl be ae btgh ae ,9/o, Sho srror tbat has been

oomputed ln theso two cages ts for the abeorptLsn coeff,t-
otent and not for integrated latenslty. But tt hac been

obaerved ln this rork that a change Ln peak lntenatty
reeurte i.n a correspondlng chaage l-a lntegrsted Lre&o

$o a 19% emor ln abaorptLoa coefflclent nay Lntroduce

a slellar amor ln J.ntegratcd. tntenstty. rn the abseace
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of any Breclse data on the fractLon of freely traao-

ntttlrg Bpeso n lt Ls not poeeible to estLnate the error
d.ue to lnhonogenaous dletrlbuti.on. $he obJect of thle

ooasLderatLon Ls to e:cplaln the soatterl"ag ln polnte

ln the intenalty rloasuromonts. In nost casea the emor

ls utthln tlO urhl-oh Ls vlthln e:rperl.aeatal. emor and

lt oan bo eafely sald that emor due to Lnhonogeaeous

dLstrlbution lE not elgnlfloant. the eoatte:rtng io dua

to 1") ltnttatl.ons of tho and"yttcal nethod.. 2) Lack of

coxrespoadsnee betreen lntegrated tateneLty and, ooneen-

tration. llhe soatterlng la much Ln tha cas6 of J.ntenelty

noaauroneat of, antlaSrnnetrLo streteh node. Dus to

Ll.nltatioas of the analyttcal netbod, lt was neceasarJr

to choose erystaLs of ht6b concentratLon and conaoquently

Lataaslty tsea.oureuente are aot very accurate. l[bo error
Ln tble caae haa baen estieated to be 3POS rhlle la othEr

ceses lt ls ulthln SIOS rhloh Ls quite r€aaonable.

In the e&a€ of the i p Uana of 0OS- La KBr and

KCI, the &rea und.er the band. was oomputed up to 1O cr*l
on elther eLcle of tbe baad aaxinun and. rLng someotl"on

sas appLled by the aethod suggested by Ranaay (l+ r p.

78), nhtch amorrnted to 4-5?6 ln laost saaag. llho reeLdual

area was aleo obtalned" by oountlng aquaros and lt also

amountod ta t*5%, ladtcatlng that tbene rraa uo necesslty

for wLng eorrectLoa, thls sltuatlon LndLcatee that
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lnfrared ba$ds of nolecules ln solldon wblah are sharp

and do not extead over a wLd.e rsnss &s ln the saae of

llqutds, could. be profltably uecd to ssttle soue sontro-

veraLal questXoas llke tenperature d.epondeace of peak

LntensLty ard integrated latensLty.

It was polnted out earll.er thEt the absorptlon

band of a molEcuLo {n solLd eolutlon ls aamor comparEd,

to the resoLvtng power of the Lastrunent. Under such

elreunstallcee tt Ls elalueel that the Lnteaslty data le
uot rellable. fhe reau].ts that have been obtained for
dlpole moneut dertvatlve wtth reapect to C*O d.letarce

Ls of, the aame order of nagnltude &a in COn, thoug[ X.t

le leas. CO bond. La OCN- has a dtfferent bond ordcr

and foree constaat from that tn COr. Though tbere le
no dcflnlte comelatLor betraen bond. order aao, bond ln-
tanslty, a different va}ue for thls in OCN- fron that
la CO, Bcerta plaustble or Lt may be that the dlrlO Ql

vaLue that hae been obtalaed, le unreliable. thE qucstlon

caa be ouly oettled by uorklag rlth ea:nl.ohed OOI}fi*.

Ehe tntoneJ.ty of ,) , band aad that of the conpoaents o.f,

Feral" doublet are rellable gLnce agreetrng valuos bavs

been obtalaod by lnclependeat netho&s. So i.t oan be sald

that thougb tbe solid phase J.ntenslty work bae to be donc

und,er edverse sX.rcunctancoe, relLablo rosults oan bo

obtaLaed. But the sl"tuation can be imBroved by usiag
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htgb rosoLvLng power l.nctrunent r pr6f,6rably a gratLag

luEtnrseat. But aothlug def,lnLte c*,n bo sal,d Ln the

abscnes of exporineatal. data.

Due to amblgutty la the slgn of 
"V/A 

Q vaLues,

tro paLrs of values, each equa). ln uaguJ.tueLe but

oppoatte la slgn, for Olpole moaent and. lts d.erLvatlve

uith reepeot to tnternaL soordlnate have been obtaLned.

To ehoosE botween theee values, lt is ueceese.ry to cda-

sider the eleetronie structure of S0S*. llhe fo3,lowJ.ng

tuo resoaaae@ forms ars poestble for OCI{-

1) o-c-r -

2) -O-c::xl

lhe structure (2) Le more probabLe than (1)r ae potnted

out by !'Iakl and Declus (zl r S. ?8O).

8ro posslblo values, dependlng on rhother
(" p/" A1)/( 

" 
p/" er) ls poeLtlve or rregetLve, cltf,ferlng

I-n a!.ga have been obtal.ned for {"N ?r)*O and

Q y/O r)Ctr. Ehe htgher of the tro ralues, t.or 1

,.69 r 1O*lO 6snf hae beea accepted for (?p/"r)CO
stnca lt ls cLoser to the elnLlar value tn 0O, and thts
deoLdes the value of ("p/Or)C$ to be *.7V Ln Ncl.

But the va}ues &re stLlL Left uith anblguLty in algn.

fhe ohol"ee can be uad.e coaslderlng the e]ectronlc
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Et:rlrcturo r |[hE stretchlag of CO boud favors gtructure

(2) gtvtng a dlpoLe d.J.rected to the rlght whL}e stretehl.ng

of Ctr bond. favore atructure (1) glvlng a d.lpoLo dlreetod

to the loft. l[hts lad,l.oates that (Oy/Or)66 and

byl?r)C$ shouLd have opposlte oX.gn. Sl.nea o4ygen ts
eoro electrone gatl.va than o,arbon Q N0 ")CO 

le aegatLvo

rhloh troaaa thet both Ay/O Q1 an& df/ Aqg aB6 ne6atlvs.

'[!ble gtvoc a poettLve val.ue for (O p/d r)C$ nhLoh ls
reagoaablc.

Dlffcrent posoi.ble vaLues have baen obtaLnod, for
dLpol.o soment and a ohoLse haa to be aade aeoag them,

But tt le to bc polated out that the uethod that hag been

adopteil to derr.ve bondl uoaeat Le not rtgoroue. Ia
anrlvtn6 at bfNa *l valuee Lt haE been aesueeo that
the w*ve fuaotLons ar€ barmoaLc, Slnso a tranaLtlon to
on ovcrtoae lcvel ts l.nyolved hers I the aanruptlon ls
not le6itluate. But eoasld"erlng the valuee obtalned for
EBr Latticor t&ay sc€E to bc wlthLa raaeonablE llnlts.
lXhe aoceptetl vaLue for C*0 (stn6}e bond) uonent Ls

O.7 debye tn gasoous ne&I"um1 tho triplo boad nouent ls
osnaLd,crod. to be vory Lor (4I, Br S70). Slnoo the rcsou-

atlug foru (2) ls doslneat, the C*O bond ta ceseatialll
a alngle boad and. connaquentLy the vElue t€.81 d,cbyo

oan bc acceptad. Sothlng defLalte oaa be eaJ.d. about the
qorreapondlag vaLue of pCtrr rhlch la lO.!4 debyc.
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Strangely enoug[, though a aharp L&sresse ln the

dlpole and Lts d.erivatLve of CO bond ls notXced" ia
ohanglng the host latttae from XBr to KI, the aorles-
pondlng valuog for CI{ boad ara praotlcally eoastant.

A gradatlou ls notlced in the va}uss of cllpole

nonent and lte d.enl.nativae in the three alka1t haltdee.

{[hl.s oan be e:ctrrlalned sa the baeLs of reactLoa fleld..
fhe oecillatlng Olpol.e lnduoea noment La the surroundlng

dleleatrlo, whl.ch contrlbutee to the tnteraal fleld.
lBhis contributLou ls called reacttoa flel.d. llbe ro-
actJ.on fleld uagnX.t'ude depende os the polarlzablllty of
lons ln tbe d.telectrlc. the polartEabtLlty of halogen

Lone laereaeo fron Cl- to I*, the valuee belag CI- =

5.6 x Lo*e4 co, Br- . 5.0 x Io*24 co and, I- o ?.6 x lo-e4
( 40 , pr f98). The dlffor*ace ln tbs poS.arLzablltty of
Cl- and Br- Ls leae th*a that betwsen Br- aad I-. *he

*
lntenslty values bavs foLLoned thts pattorn. lhough

the apBlled f,le1d hae been correeted for lts bohavi.our

Ln the dlelectrlc, there ts ettll dtfferense betyoon

t }llontlon uust be

u/ Qn value llr
probablllty thls

("F/"4) valucs Ln the three aLkalt halld.sen lnd.lcatlng

that tho equatton (af) is not aatlsfastory. It 1e &s

made of a stagle exceptioa. llhe
f,3r 1s leee than tr01 and, la all

le d.ue to expertmeatal orror.
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oxpeotsd slnce thie equatlon does not take lnto account

tbe fleld at the dLpole. flhls Ls onLy a ftrEt order

co*ectLon. But stlil tt le lnetructlve to eompare tho

Lntenetttee sith and rdthout thls comsotLos" Ir
f,abLe 23 are glvea the vaLues of (? p/? ef) In the

tuo caecs. A 5% Lr,orease frou KCI to EBr ls neduced to

fable 22

Talueg of, (7p/? at)

ffost Lattics According to (6) Accord"lag to (el)

rgl
EBF

KI

69,.71

71,5L
90.48

6L .86
6e.6S
7*,W

1S after corroctton. But the d.Lff,erenoe Lu Lntqnslty

la EBr and EI le still eBpreolabler fhts nay be due

to the htgber polarlaabtLtty of the Lodlde lon. theee

observations &re Eor6 or legs true ia regard to the Ln-

tonslty of the other two uodeg.

fhough an equatLon has been d.erLved taklag lato
eonsideratl.on noavlty refractive lnd.ex'r, It coutrd, sot be

teeted duo to uaaval}abtLlty of suLtabLe d.ata ln the

LLterature.
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APHEffiDIX I

lIlIgon-tIoX.IE &xtraBolatt on l[bcorln

Abaolute nolar intcEretcd latouslty ls dc,flaod

by tlll*sa and $olle (49 ) au

A r # [ u]a)
J

bntrd

Duc to tbc ltnltrtLona sf s rpcotrograph lLko flnlto
sllt wldtb; Lt doca not rooord. thc trtre inoldoat and

traagnltted latenrltyl but aoncthlag losg, Comoapond.f,ng

to eotutrl Latcaatty of Lnoi.doat and traasnlttad. radlrtlonl
tbr appamat noler tnttgfatrd. lnteaalty l.a ilofl.nod aa

If, S( i , l t ) le tha fraetn on of lteLt transnttted by thc

tnstnrleat rhon tt ts sct gt n freErcnoy d I

Br I
!ill*at l*bu'

baa{X

er. I reCrr,)il,
)
oL!.t



(A-B) tr

e-r-t

rBu r ) 
IoB(ir')c)

u11t

C rs(i r')a)
J"rn*

J ros(l ,')at
sltt

L,5

{r,

It lg argrrnrd that Io lt eu*rteat ovrr tbc cl,lt1 vblsh

tr porfcctly l.cgil.ttnaten rblab roduoce &c abovc un'

prorlou to

&rt

I'"+
tasd

c'# J ,"
btrdl

rh*e

f(rrt) r 1*erl

f,or thc tchrrtsnr gf (A;"-S) rr nl,

thc hclp of, lrr Eorpl.ta1 BraLt*

Ilf, ,o

- O fa rrenttlrd ri,th

dLt
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s, t(y'y',) e(y'lrt dr'orht*B), [,-
I

sltt 47/t

ban* J
LLt

r <C /'> e(Cy'') d,y'

If s ls rasured to be soutaut oror thc ell.t rhtch Lr

r *aaoaabLo arcunptX,onl Lt oarr bc mad.lly rcta thrt

qt(l-B) * o

1.o.rB*Atinl-0

So by plottttrg B r,gafart aI aad rxtrepolatlng to loro alt
ghoul0 6l.vr A. Ot&sr nethods of rxtrapolattng havr bccu

a0optrd, but i.a tbJ.r worh thc aborc Ilroocdurc vse f,orud

ooavenltnt.

It eea bo tasl,ly aran thst U{l.rsn-Urlls acthod

hold.s good svcn rrhaa hoth abErlutc Latcgratcd tntcnsity
and aBpareat lat*gfatcd lntoasLty are {sf,Lncd esoor.6l,ng

to tho cquatlenr

a, . # I* (rolr) aha)

B, a t /*(rolr)arncd
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Absolute Iatcerated Iatcnalty from }eak fntcnalty and,

Eelf Intsnslty l.Ildth.

It rae ucntloned oarl!.m thst tf, the band, obape

Le arsu,nod lreneattrn or Yaa-Y1rok-tlolakopfXan, the true
tutegratrd fntearlty Ean be obtalaed rtthout reuortLag

ts cxtrapolatloa method"e* If Lorcatlen

lti IolI r {(d-@o)e + b2

d-
ad il t/ut I t/{al- alua)*b2

t.*

lTa
'ilfr6

A . L/aL 
: 

bro/r

If, Van*YLo Ek-lfcl ekopf J.an

A].tJ filJffi

. -ll r 8 . 1''r'ttE- (Do

8luce nost of ths eontrl"butloa to tbe ar6a coroog n6aa

ebout thc ccntral frcgucnoy

t"bg# r
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AsPEffiDIX II

Ltbratton rnd Rcotrletcd BotatLoa

It lc a somsn rxparf,eaer that the tadtlvtdual

ll,acs ln rotatLoaal f,int ctnrgturo of lsfrnrcd band" of
a gri brEonc broa{*r as thr prataure t a lnareaacd *nd.

at soael&orably bfEP Bfirsuura the fLae etruetuso i,c

eaoolrbcacC out. tbia L* dlue to laeraaecd. eoLllsi.olt bt*
tycea ssleoulos. tlhls ahould be true in thc caee of

ItguLda; wherc the nolooul"eE ara oloee togethcr an0 l.u-

frared baads of Ltgutds Xa 6aneral ds not abor ary flat
etrusture. &et theri alro @&sts l,n rbleb P, Q antl B

breaehca bave boan obrarrrcdr

Ia ths saBG of ssllf,s urder ordtnar;r ooudLtlons

tJro guantlaatloa of rstatory notfon le aot epoctro*

ecoplaall; ehstnvr&r l*hla d,see aot acu tbat rotatlon
la conBletsly frorear hut lt ls elrlf rastrr.ote{. It naf

be hlgbly rcetrlctcd. or nay bo sl,lgbtly restrtctcd,r tJhen

rotatLon ls hlehly r.eatrlotod tLe nstLon of the nolccule

rr111 bc vibratoryl but tbe vlbratt oa Ls not st thln the

aoleouleq but rtll bc rtth rsf,arenoe to ea qx*a1 ayateu

aad to d:Letlngrrleh sush notlon frou true vlbratlonr thcf
are eallcd XLbratlon.

t'Ihcn the rotatl,on Ls gllghtly reatrleted tihe

roletlon rrtl"l ba non*ualferu. hle to the cavLrounent s
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potcatJ.al- barrler ts aet up to rotatory notLon of the

aoleculo. Uhen the uoleoule pasees the, potentLal bamLer

tt ls sLowed dora aad. as tt approaohes the oqutLlbrLum

posLtton j.t ls apeeded uB. fhe eBectrum of a aolecule

ln a erlystal hae to be analyzed Ln the lt8bt of theee

tro gltuatLons.

In aeldltlon to noleEular nott onr there arE alEo

lattloo notLonE. Interactlon between lattlee vtbratloae

and nolecuLar vLbratlons oan be expceted provdded, that

certaLn eyanoetry oondltLons ere satl.sfl.edr [attloe
vLbratLoas have frequeacy lorer than ?0O cn-l and. pure

Lattl.ee vLbratLons are hardly obaervedr but are usuaLly

observed, in eonblaatlone. ThLe reeuLte la convertLag a

shar.p Line to a band.. 8lnoe numorous lattloe aodas are

pernltted,l thelr eoabLnatlon rlth a fundaueatal nay ooa-

sl.derably Lnoreaeo the Lnteaslty of the latter. In goae

saBes the forbtddon fundamentaL beoomss actlve due to

oonblnatLon wtth lattLge aodoe. thts results la a band,

Ln the vLctnLty of forbtddon fundanental and ln aoma

eases rtth f,lne structure. tbe 5.? f band of tfHU+ Ln

SE*CI and. ISEOBTI thougb forbtddon eppsa.rs (Ilt pr 1072).

Horklng at Low tenperaturer ltakt and. Dgclue (er)

havo observed flae etruoture around CS strotohlag mod.e.

Sonc of thEn have beeu attrLbuted. by then to llbr.atLon

and lattlce mod.ee. Slnce the preaent etudy rae aad.e at



ls to Jurtlff tbat thc equatloa d,orived' for e gas rQ*

lattng tntogratcd tntenrlty eud Bt 1g vaLL{ ta the

Baro of r to1l0 tEo. lffi.o ros.t rcportod bolor sn s1lghtLy

150

loon tenprrlatnri aush ftnc rtrtroturo bave ast bcon ob-

alrved,. But thoy rtII bo a part sf vlbratton brn0 t&,at

la obacrvrd aad, tbc iatonrtty ooaguted ls tho sun of,

llbratlonal end vi.bratloaal traasltloag.
A 6raeral ooasl,d*rati.oa of hfghry rcstrt+tsd anA

rltgbtlr r*rtnl.ct*& rotat*on is glvea belor, Ebs ob$*at

rcatrlote$ rotgr reo onrri.td out l"a eollaboratton rXth

lttr, J. Y. !{lr.tlacr rrndcr thc guld,anoc of Dr. Jr Ci Drol.ur.

Flratr tAr llbratl.oaal notlon trn coagLdcred'

If V etandg for vfbratlonal quantun anrnbor en0 n

for libratLonsl quantun anrnbcrl the tatoaglty of a ban{

dtf be tha rua of elL tral*cLtloat (Yr a) * (Y + L. n)

( rz ). llko nrrtl,tl,ea f,unetlsa f,or e 6.oubly f,t6cne:ratt

llbrater i.c

t?) rQr*'

and Eoanrguontly the

ll,bratlonal rtate Lr

[r- rrP('her.r:n*r] 
U

fraottsa of thc nolccule ln e

I{n
ffi I

Y- *o
/.

B

[, - *Ep * EfiF] 
t,".r) 

rrp(W)
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8o tihr vlbratlonal tnansl.ttou v; s * Y 6Ir a 1g tbus

oonllogod, af, asrncc sf llacr duc ts therusl dllstrtbutloa

Ln the lLbratlonal lercle rs Slvcn by the abovo aquetLonr

Etrtr tr ln thc eags of, a rBeetrun of frct uoleouLet thr
ohangar due to &rp*rttrro frou r!.gr.d, notsr asd bassonle
t

bsotllctor approxkatlsa hes to be oonsldErc0. &ef ar*
ohaagnr ln tho mensat sf Lnortta bctrcsa thc uppcr en0

lortr vl,brettonrl ctatss aad uharsonl,otty fn the upptr

vXbratloasX. ltetcs. Brcaugr of these tro it ls to br

*rpcot*flp eaal.ogour to thr gl,tuatlou ln f,roc uoloouLel

that tJrr traarltloa v, n { Y + }r n ;hould haya blgher

fnequeaeyth*avr n + L'-Y+ 1r n +l,r fioaatqueatLtrr

tho naia bead r11I tbedo torarf,s lorsr froqueney' Aa-

othcr chango that can bc crBootcd, tp tbat llbratisaaL
foreo ooaatant sey ehangc rfth vlbratLoaal. lcvcl aad

thla oarrrao a ohangn la ll.bratlona} freguausy tB upllrr

end loror }ovcl. lfihLs ney shad.e thc band tn cLthor on

ths loru or hlg&ar froqueacF slda.

In nct&l,tlon to thc baads (v, u) * (v+L, B) therr
aaf bc othar band.e sf tba typr ?r D'+ Y+Ir Btlr Et2r cto.

Ss thc mlcctloa ruloa atro lcsE rsrtri.ctl,vo than tn thr
saar ef rotor aad so la rddltlon to tha f q B braaehre

thoro trtlL ba othcr bandr likt {rrrr I{ O P q A S |[ ....
llhc llbratLoa uotlon Lr of rotatony orl61a and.

tbe dipsLs noaoat natnl.x sLonoat has e aLnLlar foru *s



la thc cise of a frce aol"coulcf rhloh 1g

f*" Fo ^P"' 6(v 
[l- o' f rsrP,,' ecn

$bc tmus l.avolv*{ ln th{r txpsctrlon are f*nlller er&

It ts strllar to ths aquatLoa

(otr)",*,y(Bi " I U 
nr,,PsYv" {c"

J*"' E re *ao il(a

lEoqb trbr asJ.eoulo ia the oryrtal !.r aot freo aa Ln

gaa phaao, the opeatnrn te eeseatlatly stal}a! rlth
sddttl.onaL fcaturcs pssllllnr ts asX.l.d Bhacor Bhough F

rnd B branchaa aro uot usr*nlly rceolve&. und,cr ou&l"uery

ooadLtlonsl tho }Lbratlcas glve rl,se to tbesc branohte

uhoas trtcnalty ls inslu0od fur thc v!.bratloaal benflr

So tbe crprsgston dml,vod. f,or a 6as rclatln6 latcgreted

lntonrltt aad B* boldc Sood f,or EoLld. toop u!"tb
otd

oomrsttroa ncntloao0 ln 0bapter IIt reotlon f.
fha othsr pocalbll'ltf for thc notloa of a uoh-

oulo la a cryetal i.a regtrl,ctr& rotatloa, othenrlce
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o*11a& hfnder;d. rotstl.oar fl.rrt troetrd by Faultng (r2 ).
Slre nolEeu).e eubJeotcd to e potratlal bsrrlm bac tuo

cqulltbrLua poaltlonc' oo€ at 0 r O snd t&o othcr at
Q .If . {[he r&?o tquatlon l,a

'#fo vsry + Y* . Bn'

&a Botrnttal, funotl,on ta dapsndent oa g1 rhloh tr6ptr6-

eontg the nvtra6r& lntcmcttou of the noloeulo rLtb the

surround$.a$*

Y, brr*eorPB)
sro pottstlal Lr aoro rtea g r O1 '7i- 1 AT r.rr cail has

a uatsl-nurn va1ua, Yss rbcn 6 r T/2r ,f/e.i.r If, tha

notloa of tbc noleeule {a rastrl,etcd to * p1aae, uhLch

la a gosd approxl"uatl.on, tbe uavc equatlon rtll br

-#3{ S# + },t*eo'eo) - B^r

the flret part of tbis c:rprerstoa ie kl"nott s oacrgyf

rbl,Ic tha eooond, pert ls poteatlal €Eergf,r ttro extroue

cascs oan ba eavleagedl oac rhca Y" . O1 Ln rhloh eacc

tbe aeleculo f,unetlono es Durc rotor an& fiBothcr To lr
large rrhea aolssul,o sxccutea puro vl"bmtory notLoar |[he

oaelgy comespond.Lag to tbeae poaitLona aBB; reapectlva&f
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Et
K te rotatLan qrrantua

nunber
E r VrOuS

llbc clgrafunetlon rhJ,eh forns a solutloa of thle Olf*
fcrcntlel equatlon should be putodlc ia e rlth a portod

et 2tr r l&ty ars kaoul aE !{ethteu f,unottoac 1 xhloh bavr

bsaa rorkcd by Ool,tletcln { I ). llhoy erc ucually roptrs-

sested bI 0ror EcIr CpIf ScE. otor l and thcy bave boon

avaluatrd in thtil* of, totel cacrgl sBO the potortlaL

ba*rlar.
Ssn thc purpoca of lllagtratloa a lLnsar dlatoulo

uoleeu}e llke OU' l,s taktn and aiaec lt cqn &avE tro
rqulvalrnt orieatatl"oa as{ eosscquontly sIJ. enengy lcralr
Ethrr than 8.0 am spl.l,t tr.nto tso. Uhoa Yu * O; tbe

spsotru! that shouLd bo txpcotcd ie pn:rc rotatt on*l
spietrur; trhl.eh rould eoaglst of equal,try spacc0 liueel
ths lntensl.ty of rhleh b*tag f,otaml.*r{ by Bol"tgnrn

CX,etrlbutlon fastor. lJhsn Y, 1r larga, the nstloa of,

the aolsouLe ls hrrusnia vtbratloa and etgenfunctl.oa l.r
s 1itroer aonblnatloa of, Eernlte orthogasel funstloaa

nhloh arc ..fB(el6e) and, ^l o$ * 1( /Ea) rrhero ou Ls

be
;t2;

glvca by
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lnf,

l*. tr
ra brtrron thaar rrsrres enflar thr reyr fiuotisn obangtr

ovsr to llathi,au firaotiouu ead. tbls abaagr oyer takre
p1eEa at vaX,urs cf q r&crc tbc ecp*ratloa of r{gaornt
trvqle booouo approctabrcr ra tbe teugmnsr of lletbi.ru
fuaoti.enal tho ctgcaf,unatlsn for th* {ognucrntc }cvcra
Solnsrponill,ag to f,. Or 1, & irrr nrq 6$vta belour

o 6"o rLnsr non&cBcacratr

t s"l
$rl

a s;e

Qaa

r 8rE

cof,

& cEacld*ri.ag tho traaattl,on rsncnt prebabtl!,ty tho

tcrtstiea rules nrd tatoaaltleg of x.lnos ln tba rpcetrrrn
duc ts tbe penturbatl,oa of, potcntl.el harlrier een br
aml,rod at.

E.+.y*oo
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ooo t ocnr

J**- coa o **, {e

nff

l'*" 
*

'-/7.n

j[-r, (:+r)o + oor ,.'r,r] oor sre
,:r

|[tsc iatrgraad, la aoa-mnt th"tag uader tbe eoa&ltlon

l+1 . !t gO *nd 11 | llr g0

8s thr mloctlsn rrrlcs f,or thl.r traasltf,on rrc A n *
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8ao * 8mt
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concJ.derod are aot a}lowed. tlre other Psraltted. traneL-

tloas are pJ.otorlal1y teBreseated. La Flgure 16.

the Ltae Lntenslty w111 be the squar€ of the d'l-

pole nouant natrtx eleueat and a presentative caao Le

f.*ro'o'1t - I(h)""',r 
frx\"rh*10'-L-10 ]

ltlhc quantfff vlthln the pareatheeX.s r&8 oonputed oa

A1wao oonputor for all transltlon ropresented ln Flgurc

16 rtth oorrespondtng enor6r valuesp for d.lff,enent valucs

of barrlcr, fhe gum of theu f,or di.fferent bEmLera lE

tabulatsd tn SabLc 2!.

Sable 2)

Potontial Barrler and Sun of
Irlne Intauslty

Yo Snm of l,lae InteneLtLee

aB t8.gg8oo lfl2"ur,
8B 18.998U1e I plev,o'

168 rg.ougrt 
IF f'ooo,

,28 19.0682 4, 
lpf 

2v,,yr

808 rg.58o2 o1 | lffu"v,
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It l,a notised aa tbe barri.es lo lncroaee& the tateaalty
gcta pttred up at tho Q braaeh and, tu addltlon that tbe

eun of ell lutensX.tl,sa ie eonstaat laflepcadent of the

bamLor. Fros tbLs lt eaa bs soncludod that ae tho

barrfer tE further tuancaaed the eattro tntensX.ty rtll
be for,rad at thc Q br*a*h. l[h,lE state of affntrs {E a

Broof, fsr tho equatlon

[ [ [ [ [ 
(Pd",*" (P,)",' 

^ cfrre)n,n.

(f,**)*,*, * 
[ [tP*"',," 

(Fr)",,o

So thc abovo tbcorctl"cal. saleulatf,oa $ustLft ts that

rxprccsioa ( 5 ) Esuld bo uscd. to aaalyce the epectruu

of a noloEulc La soll.d gtatc.
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APP$fiSIX III

Sable 2*

Yaluca of Ia (Iolllmx/[a (so/[)Esx

and b)"d Altr tn tcrna

ot fil L! *ft and la (Bolt)uex

a/ a) a* Ia (8o,1f)nex l.'f,/ Adnr

o.69
o.755
0.800
o.8lle
0.9o9
a,92,

0.,8s8
o.r+10L

o. rg4g
0 rr??4
o.4168
Arr?W

1,.72

2"L'
2t65
1,69
416?

7,Og

1"gg
2.49
5r0l+
4.04
4.95
6"9O

Q,y?.7
a,75t+
9.?ga
o.822
o.9,5

0.5050
S,60,,
0.6070
o.5640
o.wr6

l. gg

e.11
2,52
1.IL
9,lL

2.2L
errl
e.69
5,O7
714?

O.?ffi
o.77?
o.794
O,8?O

0i8097
o.7rr50
o.81eg
o.8e17

e,la
2.L'
3.56
9.80

e.2,
tr54
er?A

5,t*
0.687
o-7r5
o.7gg
o.8r2
o"gg7
0.900

1.O10
o, g8e,
0.9700
o.95ro
1.0800
l.0aoo

1.68
1.9O
2.le
4,67
1.*
4. LI

1.85
e.04
?.26
a.7L
I.1O
$" 54
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Eablc t* * oont"

s./ ara,6 ln (8o./E)r8r A)"{ Aitl*

o.?1&
A"?fr
0.796
o.gr5

x.go75
l*1890
1.1600
1. 1411

r.7e
2.24
e,rr+
4.58

1.76
3rI*
2r16
1 rA7

O.7ll0
0.784.
0*800
0.8L9
o.s,,

L.rgg?
1.4e8?
1.4eSO

1.+Oe5
l,16?9

a"Ie
?,,W
1,95
*,99
6* 52

2.00
2r27
3*72
,.27
+rorl

0.695
An?W
o.?95
0.816

X. 5}80
1. Sgro
1,W7,
1.500

1r 85
e.2a
3.89
4.'.7

L.76
2tO9
2r59
5.16

o.690
a,7ro
o,790
a,ggg

1.792O
1i8U8
1.8&'
1r8?0?

1.86
e.e*
*.,9,
6,eri

l.??
l.gt
e,a6
!"469




