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Thia thaaia ia divioad into too pasta.
Tho ficat part oaaia with coaa atudiaa in aoiacuiac
acchanica Ulinq apactroacopic data and haa foo: cha
ptara in it. Cartain approximation aathoda for tha
avaluation of aoiacuiaa foxca fialda aza harain deva
iopadt Tha aacond part, which conaista of tha iaat
two chaptcra, oaaia with infrared apactxai atudiaa of
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KY2 ond l7‘ ond X734 typo ooloouloo. In Chopto: ll
o qrophiool oethod ooking uoo of iootopio fzoquonoioo
io pzooontod. Sinco it io ofton not poooiblo to hovo
o uiquo solution of tho foroo fiold ovon with tho
holp of throo ooto of iootopic fzoquonoioo, o now
critorion called tho 'oothod of oquol co-o:dinotoo' io
dovolopod to fix tho oxoot foroo fiold, in tho oooo of
ooltlplo oolotiono. Uoing thio oxitorion in tho poro
ooto: foroulotion horoonie foxoo fioloo of oooonio,
phoophino and oroino oro ovaluotod- In Chopto: Ill
tho rolotionohip botooon tho poxoootor ond oooo rotio
of oovorol ooleouloo io otudiod. with tho holp of
thio. the foxco fioldo, noon onplitudoo of vibrotion

ond ooriolio conotonto of oovorol bont X72 ond tot:o
hodrol KY‘ typo ooloooloo oro ootoinod. Bhopto: IV
pzooonto o now opproniootion oohooo texood ‘Hybrid

High Loo Froquonoy Soporotion hothod' for o third oroor
-w

vibrotionol pzobloo. Thio nothod hoo boon oppliod
oucoooofully to oovoxol ooloouloo holonginq to tho

X732 typo oodol.

Tho loot too choptoro ropoxt oooo exposi
nontol work. In Chopto: V on oooy oothod for tho
ovoluotion of oooooiotion oonotonto for o foo tornony
liquid oyotooo lo dovolopod with tho holp of is opoctrol
otudioo. Tho fobricotion of tho oapotioontol sot up
for tho proporotion of glow dioohozgo polyooro io
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dooorlood lo tho loot ohoptor. A qloo oloohorgo
polyoor flll of p-tolfldlno lo pxoparoo ond tho ls
opoottuo of tho fllo lo otodloo ' vlo-o-vlo thot of
tho oonooer fllo. Iho ohoroctaxlotlo llneo of tho
polyoo: oro loentlfloo ono tho ptoooblo polyoorl
ootlon ooohonloo lo ouplolnod.

Iho orlglnol oohtzloutloho oontolood lo tho
ptooont work oro tho ffillnoingt

1. A now orltmrloo oolloo tho 'oothoo of

oqool co-ordlnotnorfoz flolng tho oooct force flold
lo tho oooo of oultlolo oolutloao lo looatlfloo.

o

\

2. A llncor xolatloa oonnootlnq tho poro
ootor ooo oooo ootlo lo oowolopoo ohloh ooh ho oodo
uoo of for tho ovolootlon of fozoo fleloo, ooon ooll
tudoo of vloxotlon ono otho: ooleculo: constonto.

3. in opptoolootlo oothoo texmod ‘tho
Hybrid High Loo Froquonoy 5opoootlo Hothod' lo doooo
lopoo ono oppllod to oooo thltd oxoo: prohlomo ond
oll tho toolvo foroo oonotonto oto ovoluotod.

4. An oooy ono ologoht oothoo lo prooontoo
for tho dotorolnatlon of tho ooooolotlon oonotoht for

tozoory llqulo oyoteoo ono tho 'K° voloco for o foo
oreool-ovtono oyotooo oro ovoluotodt
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(HLFS) aothoon haraonio Foroo fioioo of Hathyi haiidoo,
Czooh. J. of Phyot (in Proool.
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thaaia hovo boon oonduotod undo: tho aoio and inopiring
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CHAPTER I

INTRODUCTION

Various methods of svaluating intra
aolscula: forca constants ara discu
ssad with a oxlsf account of import
ant typos of force flalds. Tha para
asts: approach to force flslds has basn
described. Pzocadutas for calculating
foaca constants uslnq additional sxpaal
nantal data are also suaazlsad.
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1. Introduction

An innenee aeount of eeperinentel data hee
been eccunuleted froa inveatigetione of infrared abnor
ption epectre end of the fienan affect in polyatonic
noleculee. Only an entrenely enall fraction of thie
naterial hee been eubjected to analyaia, although the
theoretical toola for euch analyeia are quite wall deve
loped and the reauite which could be obtained are of
coneiderable intereet. One reaeon for thie eituation
ie the enount of labour required to unravel the apectrun
of a conplex nolecule. In ettenpting to account for
the obeerved infrared and Hanan epectra of noleculae,

e certain einplified nodel for euch noleculee ia adopted
and than the epactre which thie nodal would exhibit are
calculated. One of the beet repreeentatiene for the
nornal etata of the nolecula ie provided by the potential
energy function for the nolacule which ie e repreeentation
of the forcee that eriee when the atone are dieplaced fron
their equilibrium poeitiona. Thie laade to e deterei
nation of the varioue force conetante for the bonde in a
nolecula.

A nolecule nay be regarded ae a group of atone
bound together oy certain fozcee. Acting between the
atone, teee forcee tend to keep the nolecule in equili
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briun. $aall oacillationa of atona about thair equili
briua poaitiona in tho nolacula cauaa tha appearanca of
tha ao callad vibrational infrared and Hanan apactra.

In o polyatoaic nolacula tha nunoer of forca
conatanta uauolly axcceoa tho nunbar of nornal vibrations.
In auch caaaa certain approaiaotiona ara naoa and conai
oerabla onount of work haa barn done in tha oaterainotion

of aolacular forca fialdo- Houover upto nou tha detar
aination of axact forca conatanta haa baon raatrictad
aainly to aolaculea with tuo viorationa in a aingla apaciaa.
In the praacnt work tha forca conotanta of oona nolaculao
having two or thraa vibrationa in a aingla apaciaa io
attaaptoo with the aid of new opproxiaation aathoda.
A hriaf review of the thaory o“horaal vibrationa, dif
fcrant typca of forca fielda daocrioad in litcrotura and
aothoda for avaluating than ia preaontad in tha following
fllfllla

2. Thaory of Noraal Viorationa and Noraal
Co-ordinata Analyaia.

In diatomic aolaculaa, tha vibration of tha
nuclai occura only along tha lina connecting tuo nuclai.
In polyatomic molaculaa however the aituation ia nuch aora
couplicatad oacauac all the nuclei porforn thair oun har
oonic oacillationa. It can be ahown that any of thoaa
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oatroooly complicated vibrotiono of tho ooloculo nay ho
roproaontod ao a ouperpooition of o nuoher of noroal

/

vibrationa corroaponding to tho harmonic froquoncioa.

Tho oathoooticol onalyaio of oolocular vibrotiono
requiroo oa tho firot atop tho foroulotion of oxproaoiona
for kinetic and potential onorgioa of tho ooloculo in
any convoniont oot of co-ordinatoo (1-4). In tho couroo
of o vibration, the chongo in tho oquilibriuo configu
ration of a ooloculo ooy bo roprooontod by a oot of carto

oion dioplocomont co-ordinatoo oi ( i o 1. 2, . . . n)
uhoro n o 30 for an N-atomic noloculo. For oooll dio
plocononto, tho potontial onoroy V of tho ooloculo,
which doponda only on tho intornal configuration of tho
noloculo io o honogonoouo quadratic function of tho dio
plocooanto of tho atono about their oquilibriuo pooitiono.
Thia conotitutoo tho uoll known horoonic approximation in
tho thoory of onoll viorationo. Tho potential onorqy ia
accordingly uritton in tho foro

v - Y2 § pg qt qi (1.1)
uhoro b‘: oro tho force conotonto. Tho kinotic onorgy
T of tho ooloculo oay oo oritton aa a quadratic function
of tho tiao derivativoa of tho diaplocooont co-ordinotoo.



s

an

I - yz ? at (1.2)
Tho orooo toooo in tho potontiol anotgy oxpzoosiono con
ho olioinatod by o linoor txonofornotlon of tho o1op1o

oooont co-ordinotoo q‘ to o oot of "normal co-ordinotoo
Q‘ through tho tolotlon

By on opproprioto ohoico of tho oooffioionto Bk‘, both
tho potontiol and tho_kinot£o onorqloo con ho Inptlliid
oo

V I Y2 ?X‘ Q: (1o5)
without ony orooo producto.

Subotitutlon of thooo oxptoooiono in tho
Logronqo oquotiono of notion tooulto in tho oot of oqoo
ttonsof ootton _

4* >\k  I O (1.5)
It con honco ho ohoon that >\'o ozo tho oiqonvoluoo of

tho b‘J ootrlu ond oro gluon by tho rooto of tho dotor



oinantal equation‘ w“n"}\ "12 "1: "' "
"21 "22">\ "2: " " " °
“as “:2 “aa')\ ' '

(1.7)

The order of thie eeoular equation ie equal to the nua

ber of norael vibratione. tech noraal co-ordinate Qt
oorreaponde to an independent eode of vibration of the

eoleoule and hee a eheraoterietio paraaeter }\k oelled
the frequency pareeeter which ie related to the vibra

tional frequency 1/“ by

}\k . 411" 1/“: (1.0)
On aolvinq the eaoulor equation we get in

general 3N-6 nonzero real route, (3N-5 for linear mole
cular). equal in nueoer to the vibrational doqraea of
freedom. The zero roote of the eeoular equation repre
eent the trenelational and rotational aodee of the able
oulo. In practice ueinq erperiaentelly observed funda
eental vibrational frequenoiee, the eeoular equation la
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ad for tha force oonatanta and noraal aooaa. Ina
ranma of avaluating fozoa conatanta and noraal co
nataa of a nolacula ia known aa noraal co-oroinata

aiyaia.

Tha forca conatonta nay ha calculatad uaing
n'a FE aatrix nathod (5, 6). Tha aaaantial aarito

hia aathod ia that by aaploiting aolacular ayaatry,
vibrational aacular aquation can ha factorad into
r ordata. To apply tha F6 natria aathod, firot tho
Dr of qanuina vibrationa balonqing to aaoh irradu
I raproaantation of the point group of tha aolacula
ound by group-thaoratical conaiaarationa (1, 4). A
of intarnal co-ordinataa which ara changaa in bond
th and bond angla ia choaan ainca the potantial and

a do not involva tranalational and rotational notion
of t

tic anargiaa axpraaaad in taraa of intarnal oo-ordi

ha nolaoula aa a whola¢

Uaing tha intarnal co-ordinata 'r' tha aupra
aaion for potantial aarqy ia writtan aaZV Q ? f I
uhara f ia the forca oonatant matrix. The internal

rdinatea r era tranafigrad into an orthogonal sat
of ay netry co-ordinetea which ara linear conbinationa



of tho internal co-ordinotoo and oro conotructod in ouch

a uoy that thoy tranoforo according to tho choroctor of
tho vibrational typo of tho point group to which thoy
baionq. Tho oymmotry co-ordinatoo aro dofinod by tho
tronaforoation5 I U:
ohoro U io on orthogonal ootrir.

In oyomotry co-ordinotoo tho oxproooion for

tho potontiol cnorgy io

2v - '§'l's (1.11)
whoro F io the oatrix of oymootry forco conotonto.
F' io roiotod to f by tho oquotio

r .. u 1' T1’ 11.12)
Tho corroopondinq oaproooion for tho kinotic

onorqy of tho noloouio io

21 - 3' q" 5 (1.13)
- 3' 6" 5 11.14)

uhoro G I U q U’

fho kinetic oncrgy matrix 6" io dotorminod
by tho atomic maoooo ond moloculor gooootry. Tho oothod



for calculating elementa of the G aatrlx la reported ln

the literature (7-11). The G‘, eleente for a ne-de
generate epeclee are glvan by

5“ - g/4’ ‘pi .'?j* (1.15)
and for a degenerate apeclee

_ _1_ ' F: t t t +>'t-%>tcu d E/u--~ gptii '5: +s“_sJ +. ..)P ‘e I
(1.16)

where P refera to a eet of equivalent atone, t a typleal

atone ll.’ the reciprocal eaee of the atom, g’ the
number of equivalent atone ln the P‘h set and d la the
degree of degeneracy.

The -Z’ veetere in the aueve anpreeelone are
given by

where 1 repreeente the it“ eymmetry co-erdlnate and

U‘k the coefficient of the kt“ internal ce-ordinate in
it. £xpraaelene for the '11‘ vecture are given by
wlleon, Declis and Cruse (4) and by Heleter and Cleve
land (9).

In terae of the eyeeetry force cenetant eat
rlx F and inveree kinetic energy netrlx B, the eecular
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equation may be written ae

|r - a""}\| - u (1.10)
Q:

lsr - ck‘ - 0 (1.19)
where L ie a unit matrix. )\ie related to the ooeer
ved harmonic vibrational frequency Q9

>\- 47\'2 czwz (1.20)
(AJie in cm:" and c ie the velocity of light.

Ueuelly the number of force conetante to be
determined for exceede the number of normal frequenciee
and e unique eolution ie not poeaiole ueinq the vibra
tional froquencime alone. hence the interpretation
of the molecular potential function in based on some
eioplified model employing an approximate force field so
ee to reduce the number of unknown force conetante. The

ideae underlying aome of theee approximation methode
are diecuaeed below.

3. Approximate Force Fielde

Several approximate force fields euch ae cen
tral force field (EFF). valence force field (VFF). modi
fied velonco force field (MVFF), orbital valence force
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fisld IOVFFJ. Ureyaflradley forcs fiold (UaFF)¢ and gsnoral

valoncs forco fiold (GVFF) hsvo boon proposad and widsly
usod in litorature. In tho EFF approximation tho forcss
in tho nolacula aro aoounad to be acting along tho lines
joining the otoms, irroopoctivo of whethor they oro con
noctad by a valance bond or not (12, 131- Tho nuabor of
forco constants under this assumption is saallor than tho
nuaber of frequencies. But tho assumption holds only if
tho noloculao aro held by ionic interactions. Also tho
froqusncios prsdictod on tho basis of tho control forcs
fiold often do not agro with tho oboorvsd onss.

According to tho VF! poatulatad by Bjerrua (12)
tho rsstorinq forces oppoos tho changes in valonco co- n
ordinates like bond lengths and intorbond onqlos. Hora
also tho nuabor of force constants is loss than that of
tho vibrational frequencies. Howsvor tho interactions
betwoen stretching and handing of difforont oonds in tho
nolaculo ore not conoidorod. A coohinotin of central
and volenco typo forco fields hoo been postulated oy

Mecka (14) for XV: typo ooloculoo. Taking into account
Pauling's idea thot tho stability of a nolsculo is duo to
the overlap of the orbitals of the bonded atoas, Uilson
and Howard formulated a aodifiod valonco forco fiald

(MVFF) for KY3 typo aolaculoa (15). In tho UVFF intro
duced oy Linnett and Heath (16-18) tho olsctron density in
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each bond ie represented by localized aoleculer orhitele,
In this theory no intaractione between bond-etretching
and bond-bending co-ordinates are included, But the
properties of bonda in e aolecule are vell related to the
inter-bond anglee (19, 20); The hybrid bond force field
(HBFF), o aodification of OVFF oaaed on the correlation

of bond strength with bond angle, ia eucceeefully applied
to eeaonia aolecule (21),

The UBFF (22) is enother widely used aodel
which takes into account the valence forcaa batveen bonded
atoaa and also the central forces between non-bonded etoaa,

Thie aodel satisfactorily reproduces the vibrational fra
quenciea, Shiaenouchi (23-24) has demonstrated the gen
eral validity of the UBFF, The nueber of force conatanta
is not too aany, But the UBFF does not account properly
for the interaction between different internal valance co
ordinates, Several aodifications have been euggeetsd
for the UBFF introducing differat concepts like bond
flexibility, trans interaction and trend and gauche inter
actions (25, 26, 27). One auch aodificetion, accounting
for the presence of lone pair of electrons in the aolecule
haa been shown to yield e useful force field aodal (28).

A aore coapleta picture of the intreaolecular
force field is preaented by the GVFF, which includes, in
addition to the valence force conatante, all poesiole
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intaractiona between stretching and atratching, banding
and banding and atratching and banding and.altogathar
thara are Y2 n (n Q 1) forca conatanta for an n‘h ordar
vibrational apaciaa. Tha GVFF furniahaa tho aoat gan
aral and phyaically naaningful nodal and many a noraal
co-ordinata analyaia haa baan carriad out uaing thia
piotura. In tha praaant invaatigation the ganaral
valanca forca field ia anployad. In tha BVFF tha datar
aination of Y2 n (n 4 1) forca conatanta oaing n vibra
tional fraquanciaa ia oftan difficult. hora aoaa appro
uioation nathoda hava to ba uaad and in tha following
pagaa a briaf reviau of tha aavaral approximation aathooa
uaad for the forca fiald will ba givan.

4. Approximation Proceduraa in a GVFF Franawork

Many attanpta hava baan nada, in racant yaara,
to devalop a acthod, baaad on aoa nathaaatical conatra
int to dotarnina an approxiaata force field froa tha vib
rational fraquanciaa alona. An anoallant aurvay of
approximation oathoda in ganaral in aada by Alia at.al.
(29), and alao an analyaia of 'Paraoatar Mathoda for Mola
oular Foroa Fialda' ia givan by Ananthakriahnan at.al.(3O)

4.1 Paraaatar Method

Tha paraaatar oathod ia appliad to tha avala
ation of oolacular forca fialda throughzbut thia work and
hanca a datailad raviaw of thia nathod will aa givan hara.
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Tha normal co-ordinataa Q ara ralatad to tha
aynnatry co-ordinates 5 through the tranaforaation
matrix L ao5 I
Tha L aatria ia known aa the noraal co-ordinata trans
formation aatria. wilaon (5) haa givan a nora on tha
ohoioa of tha propar'L matrix auoh that

LT’ - s (1.22)
Tha aatricaa G, F and L togathar aarva to

dataraina tha vibrational fraquanoy CL)‘ through tho
aquation

an. - LA (1.23)
uhara fgia a diagonal matrix of alaaanta X_‘ Q

411 3 czwf

Tha foroa oonatant matrix F ia givan by

r - ('i.')"'A 1." (1.24)
\

In tha paraaatrio approach to tha vibrational
problaa, tha L matrix is split into two faotora in a aora
aaaily viaualirabla aannar, Though thia aplittlng ia in
no way uniqua, ganarally aa can arita
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Tho only condition iopoood on L’ io thot L't'
o G. Sinco Lo io norood by wiloon'o condition, it
followo that A io on orthogonol matrix (31).

Evon though thoro oro oovorol ohoicoo for Lu.
thore oxiot two oethodo whoroby it io oonotrootoo. Thoy
oro tho rototion ono ohoor nothodo, whooo gooootriool

oignificonco in tho 5 ono Q opooo hoo boon illootrotod
by Peroon and Crowford (32). tnploying tho ourrontly
uood nototion

La o VT‘ ya (in tho rototion oothod)
(1.26)

L0 I T (in tho ohoor nothod) (1.27)

hero V and T‘ oro roopootivoly tho oigon-vootor and tho
oigonavoluo ootriooo of 5. T io o triangulor ootrix

which con ho writton in two oltornotivo foroo, viz. T‘J
I 0 with i <1 or with i > j. Tho foroor ono
io proforoolo if tho norool oo-ordinotoo oro nearly puro
and if tho ordoring of froqoonoioo io ouch thot

X1)m>ooooo X"
Tho ootrix A con ho oxproooed oo o function

of Y2 n in - 1) poroootoro. Among tho oifferont woyo of
writing tho A ootrix tho following throo roprooontotiono
oro ooofol (34).
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(a) Anqla paramatara
flan‘ “J fl

1-1 jaivi 
Hora Ail 1a an elaaantary rotation aatrix in tha ij plana,
tha tit“ and Jjth alaaanta ara caa q)‘J, the ijth alaaant
1. - ain cpu and tha 11"‘ Qllllflt 1- ain 42“. an
otha: diagonal alaaanta aza unity and tha off-diagonal
alaaanta ara zero.

(b) Antiaymnattic paramatar matrix

A - (a -x) (£+x)"" - z (&+x)"' - r. (1.29)

Hora £ is a unit aatsix and tha alaaenta of tha antl

ayamatzic aatrix K are tha pa:amata:a<xf‘j
:11

° “£12 ‘£1: ' ‘ ' °é1n_W

"'°(-12 ° 0522 ' ' ' 942:11- Y2 (1.30)
‘@412 ‘O52: ° ' ' ' vfan

-,5,“ -<42" - . . . .01 ‘ -J
0-qa

(a) Enponatial paraaatar matrixA - -" (1.31)
uhara K haa the aama aaan1ng.;; gn (5), 1“, ¢;:.t
*~@ ivnvl Ir= qv1*I °f*I" v==d. tithe: than tn» laat ona.
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Other forme of Lo eetrie have eleo been eug
qeeted (35-37). But enonq the different repreeentetione

for Lo. the one in the trienguler fore eppeere euperior
to ell othere.

Making uee of equetion (1.25) in eq. (1.24)
we get

('"CJ' A AT Lo-‘ .. r (1.32)
Thie reeult wee firet obteined by Teylor (38) in 1950
end later by Torik end Pfiley in e more general fore (31).
The eeee reeult hee been errived et or eubjected to
diecueeion by oeverel euthore during recent yeere (39
40).

Arbirrery A netricee constitute e repre
eentetion of the n diueneionel reel orthogonel group
D (n), end ouch repreeentetione generate poeeible colu
tione of F.

Equation (1.32) ie of beeic ieportence end
furniehee e eyateeatie opproech to the etudy of the con
plete eet of eetheeetically poeoible eolutione. Thie
equetion eneblee one to eapreee the Y2 n (nv1) elenente

of F‘: ee o function of Y2 n (n - 1) perenetere in e
vibrational problem of order n. The eecod order pro
blel ie particularly intereeting in thie respect. since
there ie only one verieble peremeter. end one cen elueye



look for the variation of the Fii eleeente with thie eingle
peraaeter. Lepreeeione for the eleaente f“, F‘: and F22
have been given ee e function of e einqle peraeetar in
euch eecond order caeae (47-49). Grephe ehowing the vari
ation of the force conetent eleeente with reepect to an
angle paraeeter have been drawn by Pfeiffer (35) and
btrey (47). Similar qraphe are preeented for eoee pyra
midal X73 type eoleculee in Chapter ll.

For o vibrational problem of order n e 3,
there will be 3 perametere end e four dieeneionel epeca

ie required to expreee each of the f‘J eleaente ae a fun
ction of theee peranetere. A eodificetin of thie eathod
ueing only 2 pareeetere for a third order vibrational pro
blea hoe been developed in Chapter IV. Another approxi

oation for the napping of Fij elements ie by limiting the
F‘: veluee to o certain oeximue or minimoe (47, 50)» If
we know the probable limite of at leaet e few of the F‘,
elements then the poeeible renqe of the othere can be coe

puted froe the F1‘ eeppinge. while napping the poeeible
force fielde for a certain eeeiqneent it ie eufficient to

econ the parameter epece of CP‘J between the lieite -‘fill
<q)u 4 W4, beceuee (Pu occure only in coeine and
eine functione.

4.2 Iterative Hethode

in this approach, one etarts with an epproxieeta
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invoroo kinetic energy oatrix Bo and a force conotant
ootrix F0. Tho tranoforootion froo fa to tho truo F
matrix which roprodocea tho oxporioontol froqooncioo io
achiovad by on itorativo procedure. In tho oothod pro
poaod by Fodini and Sawodny (51-53) tho choico_of tho
initial not of force conotanta corrooponoo to o cooploto
noqloct of tho kinooatic coupling of tho vihrationol nodal.
Tho truo 5 matrix without tho off-diagonal olomonta io

takon oo tho initial 6° matrix and tho corrooponding F0
oatrix io given by

5° I /\oxp 6"‘ (1.33)
Tho final truo forco conotant matrix F io dotoroinod
by o otopwioo introduction of tho off-diogonol olomonto
of G matrix. At ooch stop a corroction BF to tho forco
conotont otrix~io calculatod by oolvinq o oyotoo of oqua
tiona booad on tho Coyloy-Hamilton thoorom.

~5torting with tho aono initial oat of ootricoo,
Bocher ond Hattoa (54) olao ouggoatod o otapoioo coupling
oathod, in which tho final F matrix is calculated by a
oinplo matrix oultiplication procooo. Tho itarotion io
mado posoiblo by tho socccooivo application of tho rolotion

-1 -1F - T A1. (1.23)
Tho opproxioata F matrix at each atop io

uood to fornulato tho oigonvector matrix L of tho noxt
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atop. For tha kt“ otap Lk ia calculatao froa tha
aacular aquation

ak Pk“ Lk - Lk ‘pk (1.34)
Taking into account the difforant ayaatry

rapraaantationa and tha poaaibla intardapandanca of
Gorca conatanta,Chacon and hatrka (55) foraulatao a
modifiad approach for tha tranafornation to tha final act.

In thaaa atapuiaa coupling aathoda, tha final

roault dapandc on tha choica of tha initial aat of fa
and 6° matricea and on tha nathoo of introducing tha off
diagonal alamanta of G (56-59). Thaae aathoda iapoaa
no raatrictiona or conditiona on tha choice of tha co

ordinata ayatan. Aa auch one oan uaa a co-ordinata
ayaton in which tha conpleta 6 aatrix ia diagonal. In

thia coaa tha atapuiaa tranaition from 6° to G ia of
littla aaaninq (60).

Baaed on tha aana principla of atapuioa coup
ling and tranafarability of tho eiqanvectora froa an
approxiaata aolution to tha axact aolution of tha aacular

aquation, Alix at.al. praaanted tha matrix polynomial
cxpanaion aethod (56-56). In thia approach a coaautation
relation of tha fora

F; F|‘_,. 6|, Ara - 0 (1.25)
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exiete between the solutions of the Kt“ end (K-ilth
etepe. with the uee of the Ceyley-Henilton theoree
thie conutetion reletion yielde e unique eolution of

the correction tern Zflfkt

4.3 Non-iteretive Hethode
\

In the F-treee epproeeh (61-63) the eigen
vector eetriu L ie eoneidered in the pereeetrie fore

L - v T72 x (1.36)
where V ie the eiqenveotor netrix of G, ‘P the dieqonel
netrix oonteining the eiqenveluee of G end X en orbit
rery orthogonal matrix eonteining Y2 n (n-1) perenetere.
The correepondinq pereeetrized F-eetrix reede

.. '73,~F 0 V 1\yzX-/\.X T V‘ U137)
Thie epproxieetion ie heeed on the eeeueption

thet the eene orthogonal netrix diegonelieee the eetrieee
F end 6. The proper orthogonal matrix correeponde to
the eetreel veluee of the eue of the diegonel force
oonetente. Ueing Leqrengien nultipliere the etetionery
value of tr F ie reduced to the fore

-1 I

The velue of tr F is e minimum on chooeing the eigen
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values in ths incraaoing aequanca ond'T‘i in tha doors
asing ssquanca. For tho reverss ordering tr F should
oa o masisua.

By a graphical nsthod Stray (47) hll iflvBsii—
gated ths aatornal proportias of forcs constants, in
n I 2 cosos] varying tho angis psranotor (P systaas
ticoliy ovar ths rongs O .4-. 4) .4 271 . According
to Stray, tha constraint that tha forcs constant function
is a aoxisua with raspsct to (P gives good forcs fialds
for hjdridsa. for asny othsr typos of soiscuisa tha
condition Q4, ainiaua raprcssnta s satisfactory forcs
".1d% 0

According to tha L-traca approach ths propar
L astris is ona with aasiaun trocs and oaolisr off-dis
gonal aisasntst Tho corrasponding orthogonal sstrix
X is shown to ha V1 For problssa of snail mass-coupling
tha aethod is found to bl succassful. According to Puiay
and Tlfik (40, 4!) tha characteristic matrix L sust oa
such that tha sua of ths dfliuunco bstuacn ths co-ordinstas

Q‘ and S‘ is minimum. on iapoaing this condition
n

Q - 5 a n + tr G - 2 [t L1» »F‘ | ‘  .‘|\ t mu
(1.39)

Ths proper L aatria is than show to ha By:
dafinsd as
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Eyz I V I‘ Y2 V

Tho F ttooo and L trooa approaohoo do not

pooaoaa tho proporty of lnvaxionoo under ooolinq (40,
63-65).

Hlllor at.a1- (66-70) dovolopod tho L aatrla
opproxiootion oethod, iopooinq tho oonditiono

ac‘, u D’ 1 4.1. Tho nothod 1o oqutvolont to
Tork£ngton'a (71-72) appronloation

tar)“ - 0 , 14; (1.40)
If tho vinrotiono azo ohazootorlotio, tho

approach yiolda rooaonoblo foroo oonotanta (66-10).
Tho oothod hoa boon ouooooofully applied to n o 3
ooaoa (70) and uidoly invootigotod in oecond ozdor pro
blol (66-TU, 13-76)

Aoooxding to tho approximation oothod fo:au

lotod by Roddinqton and rfiflibury (TH, tho oonatrainto
oro node dirootly on tho roatortng forooo acting on a
nolooulo in any dioploood position and not on tho foroo
oonotont oatrlx. Tho baalo aoouoption of thlo oothod
roato on oonoidoxationo of niniouo potontiol anotgy.

Tho paroootrlzod rootroing foxoo Fk‘io oaouood to bo
porollol to tho oorroapondinq internal oo-ordinata- It
to oloo ooaunod that tho toatoring foroo exerted by tho
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ooioouio for oooh intornoi co-ordinote io oo iorqo oo
P°ll1b1l- Tho condition to ooxioioo tho rootorinq forceo
for oil diopiocoonto oiouitonooouoly io oohiovod through
tho viriol thooroo. Tho oothod io found to bo ouitoolo

for obtoininq roiiobio ooto of foroo conotonto for opo
oioo with no rodundont oyonotry coordinotoo.

4.4 Pooudo-Eaoct hothooo
¥

Tho forco conotonto oorivod uoinq tho 'roio

tivo Rooon intonoitioo' ond "high-loo froquoncy oopo
rotion oethod' (HLFS) foil undo: tho ootoqory of-'pooodo
onoct foroo oonototo'. Thooo oothodo oro ooiniy inp
ortont for iono and conpioxoo whore in qonoroi not oo
oony odditionoi doto oxiot oo for ooloouioo in tho goo
phooo (78).

Uoing tho bond poiorirooility thoory, (79)
it hoo boon dooonotrotoo thot ono con coicuioto tho‘

foroo conotanto for XV‘ (T‘) typo ooiocuioo (ID-U3).
Thio procoduro woo iotor utiiirod oy Moiior et.oi (B4)

for oooo XV‘ (Ta) $590 ooloculeo whon ox )$> oy. Tho
ovoilaaio rooulto indicato that tho oppiiootion of tho
bond poiariaobiiity thoory ieodo to o phyoiooiiy mooning
fui oot of forco constonto for X7‘ (T6) typo pologgigg
ond X73 (Bah) typo ooioouioo ono ionot Houovor tho
oojor probloo with thio proooduro io tho ocourronoo of
oultiplo oolutiono for tho forco conotonto conoiotont
with tho oboorvod roiotivo Hooon intonoitioo.
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Tho high-low froquanoy aapotatlon nothod (4,

B5) la haaod on tho aaparaolllty of oharaotariatlo high
or low group ftoquonoiaa and henoa a raduotlon of tho
oxdax of the aaoula: aquation. Thla pzocoduza la partl
oulatly advantaqaoua for n I 3 oaaoa; uhexa ono hoa tho
fxoquonoloa of a normal and iaotoploolly aubatltutod
aolooulo, provldad tho coupling batuoon tho frequency to
ha faotorad out and tho othor two viozationa la nogll
qiblo. Though for tho aolutlon of tho ooaplata aooula:
aquatlon, tho 3 laotoplc ahlfto ara not ouffiolant, ono
can got tho fozco oonatanta oorraopondlng to tha (2 x 2)
block ualng thla aothod. However thla mothod in auocooa
fol only if tha iaotopically aubatltutod otooa asa oaaan
tlolly lnvolvod in ot looat ono vibration of tha trun
oatod aeoulax equation (B5). The application of HLFS

nathod to many X732 (Cay) and XY2§ (Cay) and KY2 (C')
typo aolaculoo ouggoota that thia procoduro la in ooat
oaaoa uaoful for dataroininq tho forca oonatonta. Tho
ooxlolla coupling conotonta con oloo ha uaod to oolva
tha trunoatad problem if aufficlant data ota not known.

5. ixaot Dataznlnatlon of Foroo Constata
lnq Additional Data

Tho inadaquaoy of the fzaquonoy data olona
in aolvinq tha oocula: detornlnont for Y2 n (no!) foroa
oonotanta ualnq 'n' fzequonoioa for o aynoatzy opaolaa
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conetitutee the main problem of normal co-ordinate
enelyeie. In euch ceeee additional experieantal data
like ieotcpio frequenciee, coriolie coupling conatante,
eeen emplitudee of vibration and centrifugal dietortion
conatanta are very ueeful. The noreal co-ordinate trons
foraetion aetrix L pllyl an inportent role in the theory
of theee conotante.

5.1 leotopic frequencies: Under the Born-Oppenheieer
approeiaation the aoleculer force field ie unaltered by
ieotopic eubetitution, ea the force field ie e function
of the electronic atructure of the molecule. But due
to the change in atomic eeeeee, the inveree kinetic energy
netrix G end hence the secular equetio are altered. An
extra eat of equations connecting the eeee force conetante
to the observed ieotopic frequencies ie obtained. Hence
for on iaotoplc pair ueing the parameter eq. (1.32) it
can be written ea~ ,1H.,)“' A AA no)" - 61;) 4'-A * 1" u.;>"‘

(1.41)

Here ' denotce the ceee after ieotopic eubetitution.

For e aecond order vibretionel problem the

three F‘, eleaente can be cxpreeoed ee quadratic functione
of a eingle parameter for the molecule and ite eubatituent
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(49). A aaarch la than made for pointa in tha paramatar
apaca uara all tha thraa aquationa hold. Such para
mstar plota yialo two interaaction pointa for tha curvoa
repraaanting tha thraa aqualitiaa and hanca yialo two
aata of forca fialda, fitting the fraquanciaa of tha
normal aolacula and an iaotopic aubatituant. Thua ua
arriva at an intaraating raault that, daapita tha appli
cation of iaotopic fraquanciaa thara are two aeta of forca
fialda that fit thaaa data in tha n a 2 caaa, axtraaaly
wall. Hanca furthar axpariaantal data ara naadad to
aliainata tha anoaaloua aat. Tho uaa of maan aaplitudaa
of vibration for thia purpoaa haa boon propoaad (49).

Tha graphical method of locating intcractiona
cannot ba axtondod to hiqhor ordera ainco avan in tha
n r 3 caaa, ona would raquira a aiu diaanaional paraaatar
cpaca. T5r3k (B7) haa auqgaated a aimpla aathod for

II

napping tho F matrix by changing the valuaa of Y2 (n - 1)
(n-2) paraaatara in aoaa ayatanatic faahion.

5.2 Coriolia coupling conatantaa Tha coriolia coup

ling conatanta ~S0Cdapand upon tha interaction oatwaan
tha rotation and vibration of a aolccula (Bl) and can oa
axpariaantally obtainad froa tha analyaia of vibrational
banda. A nathod to calcglata thaaa conatanta haa baan
put forward by Haal and Polo (I9)
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~5°C- 1." 12°C 11'1"‘ (1.42)
Ths Doc aatrioas can bs caloulatso froa ths qaoastry
and atomic masses of tho aolsoula (90-92). Duncan (93)

has suggested s graphical aathod of incorporating tha

axparilsantal *3 yaluaa into tha vibrational proolal of
ordar two. Paranstrio approaohas in this diraction
hava been foraulatad by savoral authors. (31, 76, 94, 95)
Substitution of sq. (1.25) into sq. (1.42) yields

1 3- 'i'(1.°)"' c°‘ 1101" A 11.431
Equation (1.43) provides a aathod of napping 3°Cvaiuaa
for systematic variation of paraaatar in A. It can os
shown (95) that this equation may bs aaprassao as

~_;">¢- "K .1 A (1.44)
uhora J 1 T’, C“: (?)'1 with T matrix in tha louar
triangular fora.

Eapanding aq. (1.44) in tsrna of the angular
paraastar ¢’for the aaoond ordsr vibrational problan
and than solving for ¢>ona oats

D _ _ _

*'"’ P " "-712 I ~/31% ’ "11’ 311“-'22 "' 311’
"22 " I117
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" -'12 I J31: "' ‘ 311 " T22’ U22 " 322’

(311 " ‘S22.’

(1.45)

tquatian (1.45) ia extremely useful in evaluating Q and

hence the f‘j alanenta for aoleculea of type KY3 (Cay)
xv: (nah) and xv‘ (Ta) (95).

5.3 Mean aaplitudaa af vibration: Thaaa conatanta are
generally conaidered inaenaitiva aa additional data in
fixing the force field. However. a recent parametric
approach (96) indicatea that the mean amplitude of vib
ration correaponding to the nanbandad atoa pair doaa aarve

wall to fix the force fields in nolaculaa of typea KY2
X73 (flah) and XV‘ (Td). Attempts tn paranetariae

the vibrational amplitudaa have alaa been made by Alia
at.al (97) and 1313a et.a1 (98).

Lxpresaiona fur the mean amplitude of vibration

Q (X-I) and 1 (Y. h. . Y) in terna of the elaaanta of the
aynnetriaad mean aquara amplitude matrix IE have bean
tabulated by Cyvin (90) for aaaa aaleculaa. Thai aatria
in related ta L matrix and the vibrational frequanciaa
u)‘ ..
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uhcra A ia o diagonal matrix of oiomanta

A . a-I-uni-in °‘tb__* a TI 2 w‘ 2 u r 
Expanaion of oq. (1.46) for IE‘, aioaontc uaing aq.
(1.25) anaoiaa on: to urita tha jfij oiananta ac a
function of a oingio paraantar in tho viorationai apa
ciaa of order two. Subatituting thcoo into tha expro
usionc for 1 (X - Y) and 1,( Y . . . Y), paranatric
oxprccaiona for vibrational amplitudes can oa vrittan.
Incorporation of axporimontai vaiuco of 1 ( X - Y) and
1 ( Y . . . Y) into thooo oquationa can load to tho
ovaiuation of tha paraaator and hcnco tho molecular forca
fiaid. It haa boon notad that there ora two aolutiona
for tha paramctor. if 1 ( X - Y) or 1 ( Y . . . Y ) aiona
ia uacd aa adoitional data, houavor both data togathor
aorva to aiinincta tho anooaioua solution (96).

5.4 Centrifugal diatortion constants: The Origiflll
thaory of tho centrifugal. distortion constants
woo dovoiopad by Kivaicon and wiiaon (99). The
ara roiotad to quohtitiaa tacprcf through the; equation

.'¢o<:,ercf -- 2x,¢°,,¢ 173,3 1}, xjf '§<=<,BI‘</

(1.48)
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where QC,  0 an, y or z end 1"“. law» 1.2‘ Ill
the principel eomente of inertie at equilibriue etete.
The Kiveleon-wileon theory hee been further einplified

by Cyvin et.el (190) by introducing e new eetrlx T.
which can be celcul-ted froe the geometry of the ecle
cule. Then the tdpfd‘ ele|aente\ere given by the
oetrix relation

~ -1 -1 -1t 5 1. E F G W.
Subetituting for B end F from eqe. (1.22) end (1.32)
the pereeetric fore of eq- (1.49) cen be written ee

Q1 0 ‘E F1 A-‘ 2’ B (1.50)
The eetrix B in given by

. _‘a - (Lo) T‘ (1.511
which depende only on the noleculer geometry end eeeaee
of the atone cohetitutinq the molecule. Eq. (1.50)
can be effectively employed (101) to evaluate A end
hence the force field in noleculee with vibretionel epo
ciee of order n c 2.
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CNAPTER ll

PARAMETER REPRKSENTATID HF HARHONIC FORCE

FIELDS OF PYRAHIDAL KY3 TYPE HDLECULESI METHOD OF
EQUAL CUQHDINATES

The method of dutoxninatlan of fora: con

utahto using Lnotapin frnquoncioo in tho
parameter fotnllioh 10 lppllld to Quanta,
phoophtno and casino each having throo 100
topLc opoctna. To tneklu the problem of
hultlpllctty of lntutuectlonn in porunotor
npacc I ctitorinn 001106 the 'p:1h:ip1u of
oqual cn~o:d1nnt0|' in thtroducod. with
tho hulp of thin principle the fora: 710160
of ---¢»1-:2:-‘fur:-1a., havu been cbtaincd
which 0:0 in good ngtnonant with provloualy
Imported ulna 0.
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1. Introduction

In tha ganaral valenca forca fiald rapra
aantation, tha F aatria aaaociatad with a vibrational
apaciaa of ordar 'n' containa Y2 n (H + 1) I1IIl"*l l"¢
thair avaluation uainq tha 'n' vibrational frcquanciaa
ia aathaaatically iapoasiblai laotopic fraquanciaa
provida convaniant additional data, ainca tha changaa
in tha potantial anargy function and in tha gaoaatry of
tha aolacula dua to iaotopic auoatitution ara aaauaad
to ha nagliqiola. Thua tha aaaunption that tha forca
conatanta ara invariant undar iaotopic auhatitution ia
very oftan amployad for an unanbiguoua aolution of tha
aolacular force field. Although Duncan and Hilla (1)
found that isotopic fraquanciaa ara inaffactiva conatra

inta on forca conatanta. thia concluaion uoa diaputad by
Chalnar and Hckean (2) who ahowcd tha uacfulneao of iao

topic ahifta in force conatant rafinaoanta. Tha appli
cability of iaotopic frequanciaa in avaluating F alaaanta
through forca constant diaplaya haa oaan dcaonatratad by
Niblar and Pioantol (3). r8:3h and Puloy (4) hava aun
aariaod tha advantaqea of tha paraaatar rcproaantaticna in
fixing forca conotanta uaing additional data auch aa iao
¢=P1= frcqvvncinn. acan aaplitudca of vibration and rot
ation diatortion conatanta. In thia Chootar tha oaraqa
aatar foraaliaa ia uaad in conjunction with iaotopic
frcquanciaa (5) for fixing tha forca fialda of pyraaidal
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XY3 typo ooioculoo. Tho poroootozo for tho ooloculo ond
ito iootopic oubotituont oro plotted in o too dioonoional
porooetoz opoco ond in tho cooo of oultipio intozooction
tho corront ono io oolectod by o oolfi-ovidont oothad,
torood tho principlo of oquli co-ordinotoo.

2. Tho Pozoootoz Roptooontotion for n - 2 cooo

Elooonto of tho forco constont ootxix oro qivon
by tho roiotion

r - F1)" AL" (1.24)
whozo L io tho tzonoforootion ootrix connocting tho intox
nol coozdinoteo S ond nuznoi eoordinotoo Q. /\ io tho

dioqonoi ootzix hovinq oiooonto R‘ o 4 7\' :2 L0‘:
corrooponding to tho horoonic fzoquoncioo (*)‘.

A oothoooticoiiy occoptoblo L ootrix ooy ho

writton oo (combining eq. (1.25) ond (1.271)L —
uhoro A io any orthngonoi ootriu ond

IVT 1’ Q 5
T ootzin io tokon in tho trionquioz foro, with tho o1o

Ilflil T1‘ I 9| i 4.1. Tho A ootxix for o opocioo of
ordo: n con bo wzitton uoing Y2 n ( n - 1) 1q¢¢p¢n¢¢ngporoootoro :11. '
Thuo
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A -“Au 1,1 -1,2..t.n, 143
(2.2)

whet: A‘; is a unit matrix axcopt for turn:

fit‘ D c  I H11 (2.4?
A I c ./ I -A (2.5)
‘J ‘iv :2‘: VJ‘

Thur for n I 2. putting c‘: D g

t._.._.L._.. ._._....s.._.__"”
A n N1 § :2 I1 Q :2at 12.0l Ci I

* xi 0 :2 ,1 Q :2 ~“' ._4
Substituting uqa. (2.6) and (2.1) in oq. (1.24) tho F
uiununta can bu oxprouucd an functions of the puxuuutut

-1 2 2 -1 2 2r‘, - H" a m,» A2: 2 + <12, > <>\‘= . A2:

§ 2    Q  QiIi (".7)1 0 :2 1
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" "' .. 1"“! “'6 21-7\21' - '11 '22 ‘X2 7*1'°‘ 21 22 >\1‘

-1 2 2F22 _ £‘Ez (2,9)
1 oz

1 Q :2

(2.8)

I
1'

Siaila: axptaaaiona can ha writtan for tha

isotopic aubatituant alaa, but by daaignatinq thl F‘J1
)\ki T‘,-1 and c alaaanta with aataxiaka aa F"J,
)ck T*‘j" and c‘ taapactivalyt

For tha potantial function and tha foxca
conatanta to raaain invariant undo: isotopic aubatitution

an. conditions ara F,‘ - r"1 . r12 - r‘2f and rzz 
Fzzf. Thaao conditiona laad to thtaa aquationa involving
to paranatara c and c‘. Though a aolution of thaaa
thraa aquationa ahould load to tha evaluation of tha two

paraaatara, actual calculationa inoicata that a single pair
of c and c‘ aatiafyinq all tha thtaa oquationa axactly
doaa not cxiat for noat aolaculca. Inconaiatanciaa of
this aort aza quite poaaibla in viaw of inaccuraciaa in
axperiaantal data. However, pazanatar atudiaa do not
allow avan alightaat errors in fraquanciaa and other data.

Conaidaring tha poasiola arrora in tha experi
nantal data, tho beat poaaihla valuea of c and c' can ha
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ootoined by e qraphicel method. For different voluee
of c tho velueo of c* ore celculoted end c - ct curvee
plotted for oech one of coo. (2-7); (2.8) end (2.9)

J

The equetione yield too eolutione for ct corresponding
to eech velue of c due to their quodretic nature. In
the ideel coee, e unique point oust oxiet in the perooeter
opeco correepondinq to the ectuol force field of the oolo
culo end the c-c' veluee of thie point ouet noturelly
eetiefy the eqe¢ (2.7). (2.0) and (2-9). However bfifilflll
of tho quedretic neturo of tho equotione the curvee repro
eentinq the equetione intereoct et too pointo, one neor

tho origin (cA, c°A) end the other eoy from the origin
(cv, c'V) yielding too eete of force fiolde. Since only
one force field ie phyoicelly oecepteblo for e eolocule,
the erect force field can be choeen by coneiderinq eoee other
experieentel dete or by invoking eooo criterion.

3. Equel Coordineteefiritorion

In the preeent work three ieotopic epeciee
ore coneidered rather then too end on improvement io node
over the originel epproech (5) end ie oopliod to oooo

pyroeidol X73 type ooleculee. Poroeetor curvee ore plo
tted in eeperete two dioeneionel epecee, tokinq e peir et
e tioo. with the incrooeo in the number of the ieotopic
epecieo, a lerqe number of interoectione have been obteined.
To ooleot the correct point from e multiplicity of inter
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ssotions nos: ths origin, a ptinoipls osllsd ths asthod of
squal ooordinatsa has bssn applisd. This principle say
bs statad as follows. If A, I, C sss isotopic apeciss
of ths sass aolsoula, ths intszssotiona of parsastsr curves
for ths pairs A-I and B-C should ha such that B is :sprs

asntsd by squal co-ordinatas in ths parsnsta: apaoss GA
o' and on - cc. The aoceptsbls intsraastiona ars thoss
for which ths coaaon isotops is rsprssantao by equal oo
ordinataa in ths two psrasate: spaces.

4. Pyramidal XY3 Typo Holsculcs

In ths prsssnt investigation ths abova tach
niqus has bean applisd to ths solustion of ths tosos
fislda of ammonia, phoaphina and stains. Thaas aolsoulss

balonq to ths pyramidal KY3 typs having C3‘ point group
symmetry and possess ths gsomstry illuatratsd in ths
Fip.(2.1). Thorn ass two spsoiss of normal vibrations

which ars clsssifiad into 2a‘ 0 20. Ths following sys
satry on-ordifilifll (5) Its ussd in ths analysis of ths
vibrations.

a‘ spsoiaaa

%:l~'=1l

'“ I?

‘Q A82 4- A:-3)

s apacissa
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-4- Ar-At-A)53- F ‘ 2 1 2 '3
5“ - -J-.§_-( 2A0C2, - AOCH - A06")I (Ar2
5" .. -J;-_-<A<>¢,,- Ax") <2.m
where 2 represents the equilibrium diatoncn X-Y.

A :1, A :2 and Ax, an change: in bond lengths and
AOC12, AK 23 and Ax‘: are change: in bond angles.

The G matrix clement: Bfittllpflfldiflq to thin
aymetry cu-ordinataa arc given below.

I‘ spacial:

5" I /My 1- (1 + 2 coa0C’)/1,4!

5 2 _ -2(1+ 2 cooVC) ( ‘1-coa0C) E1

ainaf’

an - 2 4 -1-=§—§§{-§§>[Iu’ . z/\A_ 41- =.-069
(2.12)

e lpocioll

533 I ’Uy+ ’\Ax(1-cua°()

G _ (1 - coaaC)2 E3‘ -snag
5“ I , I 2 -r cos QCIE/-y + (1-col@§)2/M17

(2.13)
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Tha F aatrix alaaanta ara iiatad aa failauan

a‘ apaciaa

'11 ' '= ’ 2 '1:

{'2 - z 1: 4- 9;“; (2.14)
F22 I f‘ Q 2 ffii

a apaciaa

F33 ' fr ' fr:
I .F34 " "rec 'f:a¢

("C danotaa tha intax-action bataaan A: and Aug having
a cannon bond and 1"": ia tha interaction bataaan A:
and AOC having no cannon bond".

Tha atructurai paranetera and vibrational f:a~
quanciaa of all the thraa noieculaa and thai: dautaratad
aubatituanta hava baen takan froa raféranca (7, B) ahiia
tha harmonic fraquenciaa for the tritiu aubatituanta
ara aatiaatad uainq tha anharnonicity factora tapattad by
Mckaan and Schatz (9). A11 tha caiculationa ueza dona
on a digital compute: uainq a auitabia prograama.
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For all isotopic paira 6 wide range in para
neter apace (-10 éc €:. 10) haa been aeanned fer inter
aectiona of parameter eurvaa. The vaiua of the pare
neter e ie eyatenetieaiiy varied. free -10 to -1 at
atepe of 0.5. from - 1 to + 1 at atepe of 0.01 and free
+1 to +10 at atepa of 0.5. Figurea 2.2 to 2.31 aheu tha
parameter eurvea obtained for theaa neieeuiaa and their
iaetopie~eubatituanta. These grapha are drawn in aueh
a eanner that fer a pair of iaetopie apeciaa A and B, the
parameter e for A ia plotted along the x-aria and that
for B aieg y-axia. Ceerdinatae eerreapending to the
intereaeetiena of e-c° curvea are eought. The region
neer the origin has been plotted aeparetaiy uaing a egnifiad
acela to enable clear end exact identification of the inter

aeetiena. Grapha for the fuii range of c aa wail ea for
the magnified region near the origin are ahoan aide by

eida for each peir of iaotopie epaciea, for the a‘ and a
epaeiea. Detaila regarding the interaeetiona of the para
meter curves are presented in Table 2.1. For each interw
section, the parameter values are given and the correapending
interaeeting eurvea are identified.

5. Reeuita and Diaeuaaiona

5.1 Aneenia - For the e‘ apaeiea of ammonia taking tha
NH: - ND3 pair. (Fig. 2.3) ted very close intaraectione

have bean obtained for tun paire of reote (F“. F22 and F",
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F12). Tho orithnotic neon of tho corrosponding force
constsnts conpores well with previously reported voluoo (10)
However. oince the vorious intersections for tho spocioo
oro not in sccord with tho equsl coordinotos critorion,
tho force constonts reported horoin cannot ho toksn so tho
finol sot. Anothor curious feoturo is thot thoro io no
intersection for tho ND3 - NT: (Fig.iJ) psi: noor tho
origin while tho only intersection obtsinod for tho rsngo
thot hos been ooonnod gives on inverse sosignmont of fro
quencios (Fig. 2.6).

\

Tho porsnster curves for tho o-spocios of NH:
ond ND: psir interooct st four points nesr tho origin ond
fors three iolonds (Fig.2.9). A oioilor multiplicity of
intersections without iolond fornotion is noticed for NR3
NT3 (Fig. 2.!1) ond consequently. us csnnot fix the o-opo
ciso force field by conoidorotiono boood on islond for

nation. Ior nu: - was ond nu: - ~13 (Figs. 2.9 snd 2.11)
tho intersections nosr tho origin oro (-0.01, - 0.025) and
(-0.016, -0.05) respoctivoly so thot tho oqusl co-ordinetos

criterion soy be oppliod to NH3. However. if we toko N13
os o common isotopic species in the NH3 - N73 ond N03 - N13
poirl (Figs. 2.11 sod 2.13) tho values of tho poroootor for
NT3 sro (-0.026 and -0.04) which are for sport snd not scoo
ptsblo sccording to tho equsl co-ordinates principle. it
is sloo noted thot the F3‘ voluoo cslculotod froo thoso int
erooctions csrry oppooito oigno (Table 2.2). For those



reaeona the intereectione for the ND:-N13 pairekt. reje
cted in favour of the interaectiona obtained for the
other two paire. The average aat of force conatanta
obtained from theaa interaectiona ia taken aa the true
aet end ie in agreement with earlier valuea (B). The
breakdown of the equal-co-ordinetea principle for the

a‘ epeciee. nakee one feel that while the atructurel
data are correct the a‘ apeciea frequenciaa are probably
1“ error.

Phoaphine - A unique intereection of all the parameter

curvea for the a‘ epeclea of P83 - PD: end PD: - PT:
exiete near the oriqn (Figa. 2.15 and 2.19). But the
PH: - P03 intersection elone gives a satisfactory force
field (10). Likewise. for PH3- P73 interaection,
(Fig.2.11) only two of the parameter curves intereect
in peira near the origin and fails to produce a reaaonable
force field.

For the a apeciee, one noticee unique inter

aectiona for PH: - PD3 and P03 - P13 (Fiqa. 2.21 a 2.25)
but only the former yielda a force field in agraeeant with

previoua valuee (10). The PH: - PT3 interaection (Fig.2 .23)
nay be rejected because it is a binary one. It is a
curioua feature of all theae interaectione that they do
not conform to the equal co-ordinates criterion. Thia nay
be due to poeaibla inaccuraciee in experimental data rag
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ardlng tha tr1tiun_aubatltuant. It aay ba notad that
tha aathod of aqual ooordlnataa la uarrantad only whan

~

tha nulhar of laotopla apaolaa la graatar than two and
no unlqua lntaraaotlona eulat.

Aralaa - In the oaaa of the a‘ apaclea of nah: - Aafla,
two cloaa lntaraactlona ara ancounterad naar tha orlgln

(Flq.2.27). Tha avarago value of tho Aaha paraaatar
corresponding to thaaa polnta la oomparabla to tha valua

obtalnad tron tho pal: nah: - Aofa (F19. 2.29) ao that
tha aqual co-ordinataa prlnolpla la involved. Tha raaul
ting oat of forca oonotanta agroaa wall ulth pravloualy
roportad valuaa (10).

A nora pracisa application of tha aathod of
equal co-ordinates la to tha lnteraaotiona for tha a

apaclao of the ash: - Aafla. nah:-Aafa and Aafla - AaT3
palra (Figs. 2.33. 2.35. 2.37). Thia ylalda a foroa
field in agroenant with that of pravioua workara (10).
Though for all these poira thera la lnnthct lntaroaotlo
which is naarmr to the origin, it doaa not produca a
aatlafactory force fialdn nor doaa lt aatlafy the abova

criterion:
Froa tha abova dlaouaalon no hava aaan that

uhan tha nunbar of lootoplo apaclaa axoeeda two thara la
o aultlpliclty of lnteraactlono. But in a glvan paro
meter apaca. thaaa lnteraeotlona lla in o anall region.
Aa tha paranetar for the trua forca flald ahould ba
lnalda thla ranga. tha alra of tho ranga may ba takan
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oo o oeoouro of tho_unoo:tointy in fixing tho truo oo
ordinoto. with tho holo of ooro thon two poooootot
opoooo, the oxtont of uoortointy con ho roduood. Tho
minimum voiuo of the-unoortointy obtoinod from on ono
lyoio of tho g:oph‘~ oorroopondo to tho oooiioot rongo
common to o11 tho poronotor opoooo- Thio io oioo in
oqroonont with tho oothod of oquoi oo-o:dinotoo- Tho
noon of tho voluoo for tho oxtrono pointo of tho ooooon
tango along with tho oitont of tho unoortointioo io
tokon oo tho truo ooromotort A11 pointo of intox
oootion ohotho: uniquo or not, outoido tho oorrooponding
common rongo oro tokon oo opuriouo

ootioolly olioinotod.
onoo ond oro onto

Aoooptohio voluoo of tho potooototo for tho
vooiouo ooioouloo opooioo, orrivod

oxploinod ohovo, toqothor with tho
givon in Tobio 2.2. The two ooto
oorroopondinq to tho two oolutiono
duoinq tho vibootionol froquonoioo

ot using tho oothodo
foroo oonotonto oro
of foroo oonotonto

oro copouio of :opro
of tho oorroopondinq

iootopio opooioo, but only thot oot obtoinod froo tho
intoroootiono nooo tho origin hoo ony phyoiooi oiqni
fioonoo. with tho prodooinonoo of tho bonding oodo
tho oooond oet turns out to bo unphyaico1- Tho finoi
not of ootuol force conotonto is toportod in Tobio 2.3
and thoy oomporo well with voluoo tokon froo tho litoroturot



Tha aqual coardinatea criterion raadaaa tha
pataaatar method a powerful calculational taal fa: tha
harmonic forca fiald. Alaa it may ba invakad to teat

tha reliability of expaziaantal data when aura than twa
iaotopic apaciea aza praant. Thianprocadura ia vary
aenaitiva to inaccuraciaa in expariaental data. It aay,
tharefora, ba employad aa a check on tha reliability af
measured fraquanciea.



Fig-2'2 to 2.31 6-6' plronotat curvut fa: dif
faront isotopic pairs. In all thou: figuroo
f9: I (A-B) pals, paranoia: G for the £uotop£c
apcctco A in plotted along thu X-axis and that
¢o: I along tho Y-ua£|
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'34
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'34

'44

'11

Aztlan F‘:
'22

'3:
'44

'44
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TABLC 143

T4068‘
040517

045533

‘.0504
0.0109

045512

34483!

-0.1018

0433&1

3.2000

040390

043154

2.0860

0.1099

0.2072

2.9092

-0.3294

0.3332

I0 I4 IQ tolq

§Q

’
Q

§
Q

§
Q

IO IO

§
Q

§
Q'
Q

Q
Q

§
Q

§Q
§Q

040031
0.0547

0.0133

041507

0.0050

04000&

0.0003

7.075
0.700

0.843

C4953

0.000

0406‘

3.430

0-0002 -0.100
0.0041

0.0000

0.0005

040001

0.0022

0.0207

0.0023

0.0403

0.335

34214

0.0450

04370

240500

041420

042090

246070

040500 -045610
0.0100 0,4520
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CHAPTER Ill

Tha variation of aha paraaatar data:
alning tha faraa flald baa baan atudtad

aa a functian af tho aaaa-tatla av/an
in aavaral XV: and X7‘ typa aalaauloa
and a llnaar ralattan haa baan found ta
axlat batauun tha tua. Faraa ftalda,
caztolta aaaatanta and aaaa anplltudaa
of vibratian of a nuaba: of aalaculaa
balangtng ta thaaa typaa hava baan Qatar
alnad with tha aid af tha paraaata:~aaaa
xatla plate.
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1. l0t00du0t10n

(:00 the 0000000300 0h0pt0:0 it 10 0100: th0t
tho f00000nt01 0200100 0f 1nt:0-001000102‘000h0nl00 10
th0 l0t0:0Ln0tL0n 0? tho 000001 t:0hof0:00t10h 00t:1a

L whl0h 00y b0 wtlttln 00L .
wh0:0 A 10 00 0:thago001 00t:1u. Th0 L 00t:1a £0
nar01100d to th0 £00000: l100t10 0n0:|y 00t:10 6 10
th0 00000

Fran 0tud£00 coaduetnd 00 100t0p10 0000100 (1) it 10
0100: th0t th0 00:000t0: 0 10 0000-00p0nd0ht, but th0
tau functional 70:0 0f thl0 0090000000 e0nn0t b0 0bt0£n0d

7:00 th0 th00:y 0f 00100010: v1h:0t£on0. H0110: 000
00110h0:0to:0 (2) h0v0 1nv00t1g0t0d th0 v0:£0t10n 0f th0

:0t10 L‘:/L2‘ with 0 0000 0001105 p0:000t0: T 00f£n0d
00 T . LL (301)
which tu:n0 out t0 b0 0 function of 000000 and g000¢t:y
of th0 00100010 000 h0v0 notod 00:t01n :0qu10:1ti00. Th0
£nf1u0ne0 0f 0t0n1c 000000 on 0o:1o110 con0t0nt0 000 th01:
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iiaiting vaiuaa haa baan atudiad by Cyvin at.ai (3-7) for

aaverai aoiaouiar oodaia, via. tatrahadrai KY‘, planar
ayanatrioai XY3’ootahadrai KY‘ and planar ayaaatrioai X21‘.
oln thaaa worka, iiaiting vaiuaa for oertain oorioiia ooh

atanta ara avaluatad uhan tha atoaio aaaa ratio ay/an
approaohaa rinfinity and aaro raapaotivaiyv Eapraaaiona
for aaaa of tha liatting valuaa ara givan in taraa of foroa
oonatanta in tha aantionad vark. Tha aaaa aapandanoa of
oarioiia oanatanta, aaa aapiituoea of vibration and athar
aoiaouiar oonatanta hava haan invuatigatad by aavaral
aothora ll-10). For tha evaluation of foraa oonstanta
vain; bond poiarirahiiity thaory uaually thara axiata ani
tipla aoiutiona and it ia found that thvaa auitioia aaiv
tiana dapand on tha natura of tha aaaa coupling ar tha

aaaa ratio oi/My (113
ln thia ohaptar. tha variation of tha paraaatar

o with tha aaaa ratio a/axl fl has baan atudiad for aoaa
bant XV: and totrahadrai XV‘ typa aoiaouiaa. it ia found
that thora auiata a iinaar raiationahip betvon tha para
aatar and aaaa ratio. Uaing paraaatur-aaaa ratio plata.

tha foroa oonatanta of XV: and XV‘ typo aoiaoulaa and cari
aiia oonatata and aaan aaoiitvoaa af vibration af X7‘ tyaa
aalaouiaa ara oxadiotad and ooaparad with atandard valvaa
takan froa tha iitaratvra.
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2. Hunt KY2 Typn Holnoulll
lent lynnettlt XYz typo mnloculoa bnlong to tho

Czv point group having 0 molecular gnonutay an shown in
Fig.3-1 Tho throo poanlblo fundnnontal nodes of vlbrotlo

0:0 claontflod an 20' 9 bi. The coxzunpondtng oynnutry
co-otdlnntcn (12) urn

I‘ species:

5‘ ., -T_1i_-- (A:‘ + A22)‘I . ‘M
U, cpnelnn5 - ---L-- (A: - As) (3.8)a ‘-5- 1 2 _
uhozn A3‘ Ind A82 sch: to chanqoo in thl X - Y1 and
I - Y2 bond Iongtho and Zfifitn change in tho lntcrbnnl
IHQII

Tho G nntrln olnnonto corresponding to thou!

nynnutzy so-ozntnatca 0:0 glvnn below.

I‘ spacious

B" Q F.’ 0 P,'(11-GOIQC,
‘,1 0 Q {i rpfi o1n¢2

G22 I Imp.’ Q M,‘ (aIn- “OJ, (3.4)
b, 09001000

in I PL’ 0 pt.‘ ( 1-» QQQOC) "-5?
Tho F natxtn uluuontn xoforznd to the nbnvo

not of nynaotsy coordinaton 0:0 1£lt0d ll 701108!
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o‘ opoclooa

'11 " G " '1:
'12 "' F "J1'22 . '¢C ‘3o‘)

I‘

U‘ oooctooaI ft Q ':'
Nozo ft to tho otrotohlng forco conotont ond

f,,¢ tho bonding foroo oonotont. ft: and fr UL, oro tho
tntorootioh force oonotontot

3. Totoohodrol KY‘ Typo loloouloo

Totoohoqrol XV‘ typo ooloouloo holonq to tho

pnlnt qgqqp I‘. Tho lntoonol on-oootnotoo ond tho goo
ootry of tho oolooulo oro oo ohoun in Fig. 3-2. According

to tho ioroduoihlo roprooontotiono of tho point group T‘,
tho norool vlhrotiono ozo oloootflod oo oi, o ond fa.
Of thooo fa olono to of oooono oodoo. Lot : ho tho oqut
11bgLu| x.Y nggggngq ;n¢ 0Q‘: tho onglo botwoon tho hondo
81 I04 I3. A oot of oyoootry co-ordinotoo tronoforolnq

occording to tho lrroduolhlo zoprooontotiono of tho T‘ point
group oxo llotod holoo (12).

oi opocioo

5‘ I Y2 (At. 1' A32 t Ara 1» Ar‘) (3,9)
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CD’
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/Y,
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TURAHEDRAL KY4 MODEL: MOLECULAR Geour.TRY



I apncluua

69

5 I 4-3‘  
.. AOC:‘ .. A¢C 3‘)

525 "' +( AoC',o AK‘: QA-ocz‘ ... Aoca‘)

fa npocionl

$30 ' Y
540

S J.II .2
54»

S3: ' Y
54:

whorl At III
bond angina.

(A

(3.9)

z‘A'1"' AHA‘ A‘: '7 A5’
I

. -F (men . A06")
t‘ § A:z-A:,-A:‘)

-54.-2=-czxoc“ - A06")§ A830 A,‘ 
9.!‘ A4214 "’ Aocza) (3010,{Q .

d A-<>C 0:0 flu al-wagon in bond longtha and

fho G atria olulonta enxzalpondtng tn thecl

symmetry co-ordinntnl can

0‘ spectra:
‘M " My

0 spacious

‘:2 "

(3.11)

U 3 I‘ Qu_ (3.12)



fz spacious

‘S3 ' 4P’y ‘L -_€%-’*||

‘:4 " Ag’ PM
‘44 . ‘-1;-D PL! ' z‘*y

Tho nynotry F olcnontn 0:0 gtvnn by

0‘ oponlcnl

‘ii ' ': ' 3 '2:
0 0900100:

'22 I‘f0Cw~ltC,oc9f;cac)
72 lpncloll

'33 ' '2 ° 7::
r“ - [T H“, - Q00)
F... -we "'Zc<,c*

J

9U

(3.13)

(3.14)
..

(3.1!)

(3.16)

whore ft in the stretching force cnnotnnt fag tho bonding
force conntnnt and the zonllning constants 0:0 Lntnznctlon
ferns conntonto. Tho ptinod qunntltlnn represent the inton
nctlon betuucn the nljaccnt no-ordinates. Than. for

Lnotnnco V‘: repzcnuntn the lntoxnctlon hntucen r‘ and$3

05” and Inc stands for tho a, - 0C ,3 1M=n¢fl-II\

4. final fflolln
The 0‘ lpQ81II force field: of KY2 typo Q010

culcn and 73 apnainn face: field: of XI‘ ill! I°1'¢"1l'
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ara atadlaa hara. Tha a‘ and 12 apaalaa af vlhratlana
af thaaa aalaculaa ara af aacana ardar and hanca thay can
ha aapraaaad aa qaadratla functlana af tha paraaatar r
(lqa. 2.1 - 259). Tha paraaatar r haa barn avaluataa“
fraa axaat farce flalda aaplaylng tha praaadura alacuaaad
in Chaptar ll. Plata af paraaatar c varaua aaaa ratlaf>
hava baan drawn and ara fauna ta ha llnaar (fly. 3.3).
Valuaa of c aa wall aa F ara rallaatad ln Tabla 3.1
Hafarancaa for aaaat foraa flalda and haraanla fraquanalaa
af raaaaatlva aalarulaa ara alaa glvan in Tabla 3.1. Hlth
tha halp of tha paraaatar aaaa-ratio grapha, tha faraa‘
flalda of a few aalreulaa hva barn pradlctad. It can
ha aaan fraa Tablaa 3.2 and 3.3 that thaaa pradlctaa faraa
flalda agrae vary wall with thaaa rapartad in lltaratura.

S, Carlalla Constanta
Aa daaarlbad ln tha lntraduatary chaptar tha

carlalla conatanta can ha calculated by tha aathad put
forward by Haal and Pala (13):

£ ..-I £"v_'
T - L C (L) Lcq. (1.423

Tha C‘£: aatrlaaa aan ha aalculataa froa tha gaaaatry and
ataala aaaaaa af tha aolacula. Sabatltutlng far L aatrla
ln the paraaatrla faraallaa aqt 1.42 can ha arlttan aaa

tfc. ma-' 12°C <1’ W‘ "M"
II‘
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when J ‘I T‘. Cac ( ff)" (3.15)
with T aatria in tha triangular fara.

Tha Coc aatria for tha (2 n (3 typa coziaiia
coupling in tha tatzahadrai KY‘ aadai (14) ia qivan by

C33 ' 3 rkau
_4_l_“:4 a Va ' MyI 4* M“ ’

Subatitutiag for tl\e¢;r°c aataia in aq- (3.17) tha aiaaanta
of tha J aatriu aza obtainad.

c

"3: " """"q"
'3:C T C3‘ T21 1‘ r33 44 J3 I4

fit vii‘-' 2 c 1 c4 _ - 3 1‘ Q;J“ r'1*'tr1'r§as 44 as 44 44 ,
(3.19)‘x .

Tha diagonal aiaaanta of tha if aataia Ira givan
by the faiiauing aapzaaaiona

Z

Y» ' "1-‘:':=" P» '"-'=- H ~'~-l
3 .1

(3.20)
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uhata o donotaa tho fora: fioid pa:anata:- Tho ifs:
and 'j"‘ valaoa aaa oaiouiatad fa: aaaa aaiaouiaa taking
the o valaaa froa tho o vazaua f plot. Aa can ha aeen
fxoa Tabla 3.4 tho oaiouiatad 51'va1uaa aqtae .~

well with tho axpaziaantai valuaa.

‘I Haan anpiitudaa of Vibration

Tho Illfl aaplituoaa of vibration 1 (X - Y) and
P

i I Y.--Yl can ba axpruaaaa in taaa of tho ayaaatrizad
aaan aqua:-a anplituda aatrix 2 H4). uhara Z ia
qivan by

3 - I. AT Qaq. £1.40}
and

h

,, ..._h..._ .....‘.i’.L. 1 . (hfiflA‘ ._K2w‘ ooth 2" ("I
Fa: a aoooao ordaa vibrational apaoiaa tho

aiaaanta oi tho Zaata-in (18) can no axpraaaaa in taraa
r

of pazaaato: 0 uaihg aq. (1.25) and (1.21) in (1.46).

Tho §E aattia oiaaanta ara2 3 1 3 £3T [5 o
1 v a Q v o

11112113202’ I44_Izz..‘.’.§‘.§'l.§1l_§212 " ,,,1 "°
1“ T“ A1. 1 v oz
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(Tn: Al 0 TIIIA 2) ca7:22 "' - ,_cz
ZT T ‘A-A,Q

__-_Z1__ZZ_____Z______1,___.Q
1 Q o 2

, Til: [X I 0 fizz [X I
1 Q o 2

(3.31)

Uainq tho abova Zolaanta tho aaan aqulra aopiitwdaa for

tho KY) ayataa can ha writtan aa

21(x-n - -}-'214.,>.-}- Zncra
(3.22)

1 H---H’ . -§- 2 1.,» .-}- Z m
+-§-Z11"z?""§"z1z"z,’
' ‘ + Z22 ‘ '2) ‘$.23,

with tho aid of aq. (3.22) tha bondad aaan aapiitudaa of

vibration 1 ( woyl for aoaa XV‘ aolaowlaa ara caiowiatad
and oooparad with tha litaratwra valwoa (Tabla 3.5).

Q.

7. Diaowaaion

Froa tho raawlta qivan abova it ia oiaar that
thia ia a aiapia and atraightforward aathod for tho appro
aiaata avaiwationdforoa oonatanta and othar aoiaowlar can

atanta. It io found that aoparata atraight iinaa con
naotinq paraotor c and aaaa ratio P ara obtainad for X72
and XV‘ oolacuiao. Honca for an KY“ '¥'*" ( " ' 3' ‘)



96

the relation between pereeater e and eaee ratio can
be expreeeeo ee' . k P . t
The elepe k and intercept 1 are ohereoterietic of the
eoleouler eyetee KY“. The veluee of the conetante k and
1 for the beat XV: eoleouler nodal are found to be 0.1 one
0.034 raepeotively. For the tetrahedral KY‘ eyetee,
however I e 0.144 and 1 e -0.085. Such relation
ehipe will be of value in the elieinetien of epurieoe
feree fielde and alee the correct aeeigaeent of frequen
oiee and other eeleeuler ronetente.

I.



TABLE 3.1

VALUES 0F MASS RATIO A80 PARAHETIR

91

Ialaculaa n.1':u1. laaa aatia Paxaaatat flafazanaatypo ' a for auaat
5*?2

c1 02
‘xv3 s oz

0 rz
0 cxz

Ga F‘

Ga C1‘

xx‘ V 01‘
T1 C14

C F‘

0.203

0.451

0.409

1.100
2.21‘

0.2‘!
0.409

0.695
6.74

0.04‘

0.002

0.004

1.i5G
0.280

-0.010

-0.013

0.02
0.022

1.002 0.15

Ii
17

10

19

20

Z1

Z1

21

31

21

11111 QQQQQIZIZZ ICZIQII Z 111111111 111111 Ii I1 31 CIQIQIIIIIZ II



TABLE 3.2

FORCE FIELDS OF KY: TYPE HDLlCUL£S
Z11 IQZQQIQIZQQIZZIZ @111 QCIIQIICQS 11111 $@II1§I1$IIIIIII

foxes F1c1du'(A‘) udyn/A”"QIQQMIQQQQQQQQQQQ-can00000 a.’.:.I\Q.
Pznllnt work Ptovloua xunult

11.375 12.30’
no:

cxas

”§'2

$U'F2

CFF2

O.3!O
1.1Il

ZQSII
‘B002.
0.2,!

2-23‘
-0.02
0.14‘!

5.0394
-0.043

0.362

Z-354
0.014
0.0!!

0.592
1.100

Z¢$l
O.

0.294

2.321
0.03
B-141

5-329
0.174
0.44

2»4l
0.05
O.Ul

° The thzoo valuoa of tho force conutantn
rnpnrtud cerroopondu to Fi‘, F‘: and F23.



Fore: Fluids ' (fa) ldyn/A
Prooont with Ptovloul zulult

5‘/1*.

sgcl1 I

I

v"\

R|!_L:‘

050
\

QQQQQQQQQQQQQQQQQQQQQQQ DQQQQQQ can cqnaqnnnnnaacanqcnacqacqb

‘Tho than: values of tho force constants corros’Q"d' ‘U0

S361‘
1

4

o.:4s
0.430

2.144

0.10’
0.242

2.53

0.121

0.122

$.09!

0.369

0.390

7.908

0.350

0.441

1    ,_ G .;v¢1<-96 —
‘?~T%;?~‘*;!’*‘1r1;<~,-4.; \-' (,;':,+'g_'  "j
$1  ‘"’~-4%,.-_\ ~~.,” ' ‘T?\ \_

. \

‘.405

0.430

2.9‘
0.14

0.235

2.000

0.22

0.110

‘.4,
0.07

0.301

0.11

0.1

0.47

I
:0.

4'9

1+ 1+

Q
‘P

4}

§
an

§Q

I
§0
§0

Q

I
§0

fir
.1 1

.~'_Q @&:‘.

1**§§§§\»\mW",TAIL! 3.: ' '° /
runs: FIELDS or xv‘ tvrc nouacuacs

. .-“z ,1 ~I i an _ ~-..

... ~..~.1.' ""

0.37

0.15

0.01

0.00

0.1

0.01

0.05

0.05

0.05

0.00

0.1

0.01
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CHAPTER IV

HYBRID HIGH LOU FREQUENCY SEPARATION (aura) ntrnuna

NARHUNIC rune: r1LLns or MLTHYL hALlD£5 txraz)

A pazaaataz farauiation of Ui1aan'a high
law Fraquancy Saparatinn (HLFS) Hathad ia
givan in canjanetien with iaotapic f:aquan
aiaa in a third aria: vihsatianal praniaa.
A naw approximation achaaa caiiad tha ‘Hybrid
HLFS Hathad' ia psapaaad which ia aupariaz

ta para HLF5 aathad in tha aanaa that it
anabiaa tha avaiuatian of ail tha twalva
faraa canatanta. Thia; hawavar, farniahaa
two aata of fozea fiaida out of which ana
ia aaan ta ha in batta: agtaaaant with that
nbtainad uaing vaxiaua additional data.
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1. Introduction

The noreel coordinete enelyeie of eolecolee
with three or eere vihretiene in e eingle epeciee hoe
ettrected the ettentien of eeverel euthore in the recent
peet (1-8). Ae nentioned eerlier the eveluetion of Y2 nfiph)
(n4T1 eleeente of the force oenetent eetrie F oeing n
vibreticnel frequenciee in the qenerel velence repreeent
etion ie e coeoereoee ererciee. iven with the knowledge
of edditionei eeoerieentel dete e eetiefectory eolution of
the force field ie often difficult in eeny ceeee. So one
ie ueuelly forced to edopt eoee epprorietion eethod force
noreel coordinete enelyeie. Peeudo-erect force cenetente
for eoee third order vihretionel probleee heve been evolu
eted by Muller end Rei (4) end eiee by Anenthekriehnen (8).
ueing cerioiie coupling cenetente. Recently Reeeeweey
et el (6) heve propoeed e eethod for the detereinetion of
engle pereeetere of eoee XYZ type noleculee utilizing ite
topic frequenciee. Along with ieetopic frequenciee Soheidt
end holler (3) heve epplied high-low frequency eeperetion
(NLF5) eethod for e few eoleculee.

In the preeent work e pereeeter forouletion ef
the NLF5 eethod (7-I) eentioned in the Introduction Chepter
ie given in conjuction with ieotopic frequenciee in e third
order vibretionel prohln. The originel n-3 preoiee involvee
e eet of three pereeetere. Correeponding to high frequency
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eeperetion, for exeeple, only one of the pereeetere (the
one eeeocieted with the eeeond order detereinent) ie dif
ferent froe zero but the other twe pereeetere ere conet
reined et the zero velue. In order to rectify thie de
fect of the HLFS method, e new epproeieetion echeee celled
"Hybrid HLFS Method‘ ie propoeed which ie euperior to pure

HLFS eethod in the eenee thet it leede to e complete know
ledge of ell the three pereeetere. The uee of ieotopic
frequenciee enhencee the reliebility of HLFS eethod end
the nlthod developed in en eerlier peper (10) ie followed
to herneee the ieotopic frequency dete in evelueting the
HLFS pereeetere. Thie eethod ie epplied to the vioretione
of eethyl helidee nd the force conetente ohteined here ere
in excellent eqreeoent with the erect veluee reported
eerlier ueing edditionel eeperieentel dete euch ee ieetopic
ehifte, coriolie coupling conetente end centrifuqel diet
ertion conetente (10).

2. HLFS Hthod in the Pereeetcr Foreeliee
.
‘4

I

In Uileon'e F6 netrie eethod the F end G metri

cee eetiefy the trece relltion

tr if eZ}\,\; (4.1)
41

where 7\.i e 4 ‘Kc: (wfla. W‘ being the hereonic
frequency in ce°‘. for e peir of ieotopic epeciee leo
elled A, B let ue introduce the eetrie differencee (9)
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A6“ - a“ .. 5' (4.2)
and M“ 3 A |AQL - M - M u.:n

Cahaldar a vibrational apaclaa af aria: thraa
aa that aq. (4.1) qivaaan an an anMu '11 ‘ M22 '22 ’ A5: 'aa""A‘12 '12

AI AD
9 2A5‘: F13 Q 2Ai23 F23

- A1," + ma" . A13“ (4.4:
'App:aa£aata-aapazaiian af high and law f:aqu

ana1aa' HLF5 davalapad by Caaafard and fidaall (6) and bllaan
at. al (1,!) ahablaa ana ta raduaa tha ardaa af aaaular dat
aainant daacrlblhg tha vibxatlaaa af aalaaulaa by factoring
out tha vlbzattona carraapandlng ta highaz as tha Lana:
fraquanclaa. Tha aacular aquatian

\5' ~ 7\ i-\ I 0 (4.5)
can ha asittah alaa in tha farm

'7 - 5-‘X1, I U (4.i)
Tha factoring of tha hlghaz fxaquanay vtbratloha

(MP5) 1a accaapllahad by dropping tha caxraaponding raaa and
ealuana of 6°‘ and F and than by aalving tha txuheatad
aeaular dataratnaht ualng aq. (4.6). Uh tha atha: hand, if
aha uaaa aq. (4.5). thia zaductlan of tha aaculat datazalhant
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in oquivoiont to uoinq I roducod G‘ ootrix ohooo olomonto
oro qivon by tho oqultion

6'tt' ' “tt' ' I22, Gt: xoo' ao't' “'7)
uhltl 5 covoro tho co-ordinotoo Q‘ to bo hold rigid, ohiio
tho oioaonto la‘, ootiofy tho oqultion

§ X00‘ “o'i" ' J00‘ “J?
Q

Tho foctorinq of tho iooor froquoncy vibration
(LF5) in ochiovod oinpiy by dropping the corrooponding
rooo and coiuono of B ond F and by oolving tho roducod
oacuiar dotorminont uoing oq. (4.5)

A third order oecuiar dnterminant |bf - 7\£\
con ho foctorod into o second ordor dotorninont ond o

firot order ono by tho obovo ooperation nothod. For o
third ordor vibrotionoi opocioo tho oiooonto of tho ro
duood 6 ootria oro givon by

E
5'11 ' 511

Qc

5'12 ' °
“'1: ' °n 2G.  Q B22 22 "'31?". 'B u
Io" 11



"3:

“'11

“'12

“'1:

“:22

5'2:

“ta:

Hith

AG F 0

evrn—- an1

tebteld e eecend order one eq.(4.4) breeke up into
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um

(4 .10)

the higheet frequency eepeeeted to give
e firet order deteretnent end the reeelninq frequenetee

as ABH H Al‘ (4.11)

IItI‘I (eq-4.1)
where G5 , G53 end G53 ere elements of the reduced 6'

‘AB  an " A an A ‘.5
Asa F22 1-A853 r33 + zaséarza . A2 + A3

(ml?)

In low frequency eeperation the correepending
reletlone ere



as an
A533 '2: " Alaas AB
A511 '11’ A"22 '22 "'=-A711 ’ A12

s
\

‘A512 '12 I
The F elomentn in aqa. (4J3) Inn (4.140 can be exbrlanid

‘I11

(4 H0

1 AB AB

(-1 14)

in terms of the parameter c ulinq eqt. (2.7) to (2.9).

AB 1 2 -1 3 ma 1
‘=2 {M22 Btu) 7* :1 ’ ('23) A 2] " 2A“2a '2: '23

AU“ U") 27\ -(Alas +151"? S’ as as 2
‘ ° Pow 12> W22‘ 12;‘ u;‘*+ M;§"';; 12?]2 -1  »- 

<- Aug“ U123‘) 7“ + (123 )L}\J "‘ 2&2: '2: '33

+ A539 (T3?) 2 A3 -(A7\;B +A>~gB) - 0 (4 1

‘ {A511 ‘I511’ 7\2'(T21) 7\J"2 "12 '21 '227‘1
2

1 A@Q§<r,;') 7\, - (AM? 1 Av~Q“)€

AB T -1 T-1) ‘

‘AB 1

3 -‘I -1

"'= [?(7~';" 7\1) (A51? T1.1"Ta;~'1 A512 11 22;‘
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. As“ (1"' )2 1 .(1 "') 2 >\ . 2A5“ 1" 1 "'11 11 1 21 2 12 21 22 7\

'AGf_22(T22) 7\2 "(A7\1 ’ A7‘2 ) " ° “"3,

Solving theee equotione too plraoetere c‘ and ca ere obta
ined correeponding to high frequency eeparation and low
frequency eeparation.

2. Hybrid HLF5 Method

It ie cloar that in the pure HLF5 eathod a
three pareeeter problee ia reduced to a tuo paraeeter one.
Thus for example when the higheet frequency ia aeparated.
the eixing occure boteeen the two loner frequenciee, end
thie ie rapreaented by e non-rero angle of rotation in the
plane of the correeponding eymeetry coordinatea. The coe
plete A matrix is parenatrieed in terne of three angle para
netere (tulerian angloe) and can be generated by taking
the prodct of three rotation eetricee each referring to a

two diaeneionel rotation. Let AH and AL be the approximate
A eatricee correeponding to high frequency eeparetien and
lou frequency eeparation reepectively. that are obtained
by the uee of ieotopic data. we eeeuee that the complete

A matrix ie approximated by taking the product of A" and AL.
Thie approach is called the "hybrid HLF5 eethod'. Since

the commutator [Aw ALJI O, thie givee two distinct
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solution: for the A matrix. Dnnotinq the product AH AL
and AL A” by AHL and AL" ralplctivoly, thou: natricon 0:0
written II

"" °2 0 _-F
A i1+:2! §1’§2! ‘QA 2 2 X1 211L‘ $52 “~22 S11-1:, S1“? 1 F

II @ .________'___________, Q jH D “-““*“jL“_“"' (4.18,LH 2 2
",c22 ktc‘ §1+c2 ¥1+c15 ‘tvczl

fl1Cz -C1 1— t 2 +c ‘‘ in: 2 I1»: 2 J1": 2 £1»: 2 l‘ 11 2 1 2 __.
L...--1

ii"' I cz clcz '
A ‘itcz 2 b+:‘2 bvczz g1*c‘2 ‘1+c2z

0 ‘Q1 12 &1+c‘2 J"‘1
Equnting AHL or AL" to a matrix parametrtzud in terns of

Eulerian angles ¢C’ BI?’ no deduce the following relation:
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-§ §I171 PO
F 2 I 2+ 1+a:l.naCco0 p= 8' :2 (4.20)

.___£2___

1737‘

______.f_1._______1 Zcoop a1nY‘=_ (4.21)c
1/1+c‘2

Th! third order F matrix ellnents are listed bcloun

F 07\(BT-19fiT-‘§flT-‘)211 1 11 11 2121 :11 :1
-1 -11 -1 2

’ 7\2 M12711 " “z2'21 * '*s2Ts1 ’-1 —1 Z
"' 7*: ‘“1a‘11 * "2a'21 * "aa'a1"' '



-1 -1 Z
0 A3(A23'I'22 4- 033132 )
-1 2 2 2 Z

F I (T33 )( Ail?‘ +%2A32 +7\3A33Z)

-1 Q1
tn '22 ‘7\1"11“21 ’7\2“12“22 ’ 7\a‘1a"2a’1 1.1 .
* 'u '22 ‘7‘1“11"a1 ’ 7\2"12"‘a2 "7\a"1a"aa’-1 -1 2 2 2
* T21 '22 ‘7\1"2s * 7\2"22 *7\a"2a )

* "21 '22‘ '22 '21 “7\1“21":a1 " 7\2"22“a2

’ 7\a“2a"3a

-1 -1 2 2 2
* '21 '22 ‘)‘1"a1 " 7\2"a2 *7\:“aa ’

‘7\1"11"‘a1 * 7\2"12"a2 * 7\a"1a“aa ’

-1 -1 é
" ‘21 '2: ‘7\1"21"a1 ' 7\2"22“a2 ’ 7\:*2a"aa’-1 -1 2 2 7\ 2
’ ‘:1 'aa2‘7\1'“a1 ' 7\2“a2 " a‘aa

I

-.1
-ll-0
'4(JU I

-0

I "- -1
'22 '31 ‘7\1“21“a1 ' 7\2*22“:-:2 *7\a"2a*aa’

-1 -1 22 2  2
’ '22 '2: ‘7\1“a1 ’ 7\2"a2 ’7\a"a:s ’

us

-1 -1 2 -1 -1 2
" A1 M21722 " "3172: ’ "' 7\2“22'22 ' ‘B2722 ’

(4.22)



where

“n
*1:

"13

“21

“:2
*2:

“:1

“:12

“as
end

coo .,C coefi

ein QC cooY‘- ein Y‘ ooe¢C einfi

ein@C einY‘+ coo oCein§ ooeY"

-e1n¢C ooe B

coo <;Ccoe Y" 4- ein QC ein [3 einY"

cooQC sin?‘ - oin¢C sin )3 coef
-ein fi

-coo § ein Y“

coo F coo?’T "' tr ‘)11 ' 11'
4. Methyl Nelldee

C3" point group eyometry end poeeeoe the molecule: geometry
ea ehoun in fig. (4-1). Thoto ere three vioxotione eeoh

in o1 and e epecire. The Iymmotty co-ordinetee employed

Methyl helidee belong to the X732 type having

for the calculation ere given below (11)

oi epeoieea
S I1 pr _
52o '

O

——L1 ‘  ‘ A152 *

"'~'L"(AoC*AoC*A<>C -AB‘I-5 1 2 3 1
" A152’ A153’
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111

1» "Q 1 3--‘I2--(A +AoC' 0 A06 +Afi'+A)32+.AP3)

I an
(4.23)

Iho redundancy in tho oymnotty co-ordinates 52
ond 52“ may be removed by tho orthonormal tronofornotion

52 I
uhoto

P 
Q D

and

K 

o opooiooa

5‘! 1

a4’

55x

55’ .

56‘ u

56’ I

Po 52. Q Q0 52” (‘o2‘?

( nu)/(2+zx3)y2

<1-K)/<2+2x2>72

-Ssinfiooofi
o1n¢£

-1-3?--4 zA=,- Ar2- A13)
-g-' ( As: - A1-3)

-—{:_-- (2A<£'- A002 - A06,»

-FI_-- < A002- A083)

"'E'—"' ‘ZAB1 " AP’? Apa’

--F_- (Apr A53) mas?
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R

/\\,a X ‘ 52

~ 04,- W Y;063. yL’, 1
Y2

F\6.4.1 X\/32 CC“) MOLECULAR GEOMETRY
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whorl r and H reprnaont tha oquilibziun diotnnco X-Y and

X-Y rcapactivoly. A:-1, A1.-2 and Ara 0:0 the chanqul

_(.
x>[>
:71?

no

in bond lonqthn and A06‘, A062, A063, Ap and/\
ZXB3 ntl tho change: in band Iflglll Y XY and

Thu G matrix olannnta cnrrcapondtnq to thcll

Iymmatry co-ordinntln 0:0

01 special:' 2
an "' PH ' 3}‘; ‘°' P

512 I 3!!
ulnficonfi

6'3  coup
G22 n (K2 + 1) (fly * 3fl&*_o1n2B B

an - FM“ ’|<2~1 .1»/2,

E33 ' )1-x ‘ M-1
(4.26)

I opocinoa

G c 4 ‘FICO8 O8 )44 *Ly PL x fizf
6'4 5 -1:   ....L . \\

o1nqC V

G -I 3 E1 s1n£(coné- L)46 3



‘as "

“as "

0“ .

Lug’!

Z 3
P-‘(S-g 3+ /A. (1- ccI<;C)

sinzoc

120

g LN, .._:5!!x (coop - LH 1-coaqC )J
P

The clement: uf tho F matrix 0:0

01 opiates:

F11 ' fr * 2 fr:

In -. --1-—(2r

'2: " I-5- soc ap-1- (f

F33 I fa

Q species:

f - fF‘4 - I It

I fifip

sinofi

3

P- f )

nu x _ -3 01112 coo?

J3" :06 " ftp, "soc " ftp )
F13 ' [5 '28

_ 1'22 2

§‘P_y 93!: (cone -L)2¢3E L2
Z

(4.21)

(focv rp +22“ + ztpp -212$)

(4.28)
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F45 " '§,<; " ':@c
IF 46 - ftp ftp

F55 ' fifi ' 'd&CF 1" 56 " oCp '@cp
"“ " '13 ' '/B»

(4.29)

8. Reaulte and Dieoueeion

All the twelve force conetante Fij (i, j e 1, 2
¢ . . G) of methyl chloride, bzoaide end iodide have been
calculated ueinq the above method. The harmonic frequ
encies used for the calculation are token froe :ef.(12).

I‘

The force fields are calculated fleet by the pure HLFS method
(Tabla 4.1). But by this method the interaction force
Bnhatanta ?13 and F‘5 cannot be calculated. Hence the
force fielda are evaluated once again by the aodified
"Hybrid HLF5 eethod'. Force conetante corresponding to

AHL and AL“ eatricee are calculated and tabulated in Table
(4.2). Even though the two aete of force field obtained

by this method agree well with the exact valuee, its end
F“ valuee corxeepondinq to the AL" matrix compare better
with the atandazd values

The eucceee of Hybrid HLF5 eethod dependa to a

large extent on the accuracy of the date on iaotopic ehifta
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onployud in the computation. Lvunthouqh thin method can
bu formulatcd axcluding this adaitional information an in
finite multiplicity cf solutions would pzoannt thcnlolvnl,
and hanco it would on difficult to chant: the right ouluw
tinn for tho foxcn timid.
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CHAPT£R V

EQUILIBRIUM CDNSTANTS FUR HYDROGEN BOND FDRHATIUN

OF KLTUIES hITH P-CRLSUL

A oinpio oothod in which tho donor con
cntration ia kapt conotant and accaptor
concontration ia voriod io idontifiod for

tho ovoiuation of oquiiihriuo conatant for
compioa forootion in tho kotono-p-croooi
ayatama. Hhon tho occoptor concantrotion
io changod. tho intonaity of tho bondad Oh
bond incroaooa and thot of tho froo Oh do
croaaea. Tho concentration at which thooo
intonoitioo oro oxtrooun io notod. Tho
concontration of tho donor ia takon oo tho
concentration of tho coopioa fcrood. On
tho baoio of thia ooaunption oquiiihriuo
conotanto oro ovoluatod for o foo kotono

p-croaoi ayatooo in tho corhontotrachiorido
modiuo.
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i. Introdction

The phenomenon of hydrogen bonding ie of euch
~

fundamental importance in Chemietry, Phyeice and ldology
that during the poet tuo decedee en enoreoue volume of work

hee been done in different fielde of etudy to underetend
thie phenomena completely. The monogrpah by Pinentel end

Hc.Cellen(1) and revieee by Cannon. (2) Louleon (3) and the' e
pepere preeented et the International meeting on hydrogen
bonding at Lubyana (4) coverw almost the entire work done
in epectroacopy end other fielde of reeearch.

2. hydrogen lond

A hydrogen bond emiete between e functional
group A-H and en atom or a group of atone B in the eame
or different molecule when (o) there ic evidence of bond
formation or aeeociation (b) there ie evidence that thie
new bond linking A-H and I epecificelly involvee the hydro
gen etoe elreedy bonded to A. Infrared end Ramon etudiee
provide the moot commonly ueed tool for the detection of
e hydrogen (H) bond. eince the vibrational epectra ere eig
nificanely disturbed by H bond formation. The hydrogen
bond producee the following epectral chengee in the vibra
tional epectraa (1) The A-H etretching mode Y’. lfid 1"
hermonice ere ehifted to lower frequenciee and the RAH

‘W’ i ehiftcd to higher frequency. (2) Thebending mode b I
q¢e~r' end ite hermonice ere broadened (3). Th! i"¥'9¥'*'¢' e
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intenaity of the fundamental Y’. ere teepegggggg, ¢qn¢.“
tration end eolvent dependent. H bond foreetion hee dre
eeticelly obvioue and unueuel effects on the infrared (IR)
end Reean epectra. The noet prominent of the epectrel
chengee occur in the region of 1’. near 3500 co’, ( Jfhl.
Theee chengee hove attained the atatue of qualitative cri

terie for H bond formation end quantative indicee of the h
bond energy end of the other phyaical propertiee. hence,
we ehall examine the behaviour ofy*. in detail.

Spectatcular reduction in the IR end flaean

intensity of the bend due to eeeocietion will take place
with e teeperatore riee of 10-20°C. The IR epeotra of
benryl alcohol in C Cl‘; preeented by Coggeehall and Sale:
(5) , offer e etriking end typical Ulllfllle Thil ID001
¢1&1¢, of the IR end Raeon epeotre for both geeee end liqoide
wee one of the earlieet oheervetione of the epeotral unique
“... nof 3 bgnging eyeten (6-9). It hee been ueed ea fre
quently to verify the preeence of H bonded apeciea‘thIt I
eeny eorkere coneider it to be the prieery criterion of N
bonding (10-1:). The dreetic opu=*=*1 =hlfl0II =IHIId by
teepereture changee are caused aloe by variation of the
concentration of e H bonding euoetence in en inert aoleent.
The aieilarity ia evident in the worke of Coggaehall end
Seier (5.14). where epectra of oeneyl alcohol It IIVOIII
concentratione are preeented together with the epectra at
fixed concentration but at eaveral temperature. The narrow
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band at 2.77 P due to 0-H group not participating in H bond
doeinetee the lower frequency absorption in the eoet dilute
solutions. At high concentrations, the broad band centI!ld
near 3.00 R-due to III bonded polymers is by fer the sore

intense one. This entrees sensitivity of*r. to temperature
and concentration changes leads us to the following conclu
eione:

la) N bonding systees involve eonoeeric and usually
several polyeeric species in rapid equilibriue.

lb) each polymer has e characteristic 7*. and the
higher the polymer the lower is Y’..

(cl each polyeer has e characteristic absorption

coefficient A at Y’. and the higher the polyeer
the higher is A.

(d)eince A say increase on bond (creation, a aeell
shift of equilibriue produces e eagnifiad
spectral change.

Ths eolvent is another variable with estreea
influence on the I8 and Raean spectra of H bonding subat
ancae. The changes indicate environeental influence on
the distribution of eonoeeric and polyeeric species.
Every spectral characteristic of the bond, the structure
and its spacing, the frequency, the bond width and the
integrated intensity, is sensitive to the solvent (15,16).

J’



134

The recognition of the epectrel influence of N bonding
etieuleted inveetigetion of the effect of diluente in pure
H bonding liquids end then the eyeteeetic etudy of binary
eixturoe (17-20). The extensive eueeinetione cerried out

by Gordy end hie co-eerkere were perticulerly ieportent
in eetebliehing tho generality of H bonding effect end
detereining whet cheeicel ouoetencee hove H bonding pro

perties (21-26)

3. lquilibriue conetent

Since e h bond ie foreed in en equilibrium react
ion, the thereodyneeic equetione ere eppliceole. Hllilbll
veluee of thernodyneeic functione of h bonde ere derived
froe the equilibrium conetent K, end ite verietion with
teeporeture. The experieentel techniquee very only in the
epproech to finding the concentrltion or preeeure veluee
needed to detereine K. The beeic relation for K ie

K " ectivity of reectlfi e

_ JE¢=_nT.,_._.__i'L (5.11A u fa]
In eo. (5.1) it ie common to uee concentration-or preeeure
end to edjuet the eeperieentel conditione euch thet theee
quentitiee ere neerly equel to ectivity end fugecity, eo
thet no epprecieole error ie involved.

The eoet widely uced experieentel eethode for the
deterninetion of K ere infrered (lb), Ultre Violet (UV) end
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prooouro voluno topozotuxo (PVT) nothodo. In tho IR oot
hod, tho concontrotion of tho oooociotod and non-H honood
opocioo ore dotorninod froo tho intonoitioo of both tho

nononoric and oooociatoo 'Y‘ bond oo o function of concon
tzotion ond tomporoturo. An uuol ooouoption oodo in col
culoting K io thot no polyoeric opocioo oboocb ot tho oonoooric
f:oquoncy- It in nocooooxy to uoo o concontrotion congo
oufficiontly low thot only nonooor ond ono polyoo: (uouolly
tokon to ho dioor) oro tho ioportont opocioo, o condition
difficult to noet in oooo coooo. Anotho: ooouoption io
that tho oboorption coofficiont oooo not chango with toopo:

oturo. Doopito thooo nocooaocy oinplificotiono ono tho \
oojo: oxpozioontol difficulty of coking rolioolo infrorod
intonoity oooourononto. tho IR oothod prooobly io tho ooot
coooonly uood oothoo for oooauring K in oolution.

Tho oquilioziuo oonotont con bo ovoluotod from
tho infrorod ooto uoinq oitho: Noon nothoo (27) or Brown

1’

ond Kuhoto'o oquotion (20). For oyotolo in which tho fol
lowing oquilibrio oxiot,

ABE J (5.2)"“ m [-1 ~
A‘ , I-——>Anz K‘: -, -£22211 (5-3)"" [~21 [-1 '
A + l;;:ifAB

Brown no Kuooto hovo ohoun that

Bi] 0 p(1¢ZK'2h) (5¢‘)
["2 . (9 .. [Al] /2 int!
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whoro p io tho totol oonoontrotion of B that hao ontarod
into ooaplou forootion and b io tho oquilioriua oonoont

rotion 013. Tho oquilibriun oonotonto K" ono Kn for tho
1 0 1 and 1 I 2 oonploooo can bo dotorminoo by graphical
oothodo (29).

Tho oquilibriun oonotonto for tho 1 0 1 coop
loxoo con oloo ho dotorninod by the Nooh nothod. Thin
aothod utilizoo tho rolation

Y -mu-£1-K (5.5)I“ F
uhoro Y in tho rociproool of tho oonoontrotion of B oonooor
at oquilibriun and

X - ---'—-— (5.1)1 --A/no .
An ond A aro tho aboobanooo of A opooioo at o givo fro
quonoy in tho ahoonoo ond in tho prooonoo of 8 roopootivolyt
Tho quontity ¢§ io oquol to K (to/Lo). uhoro to and Ea aro
tho oolar aboorptivitioo of comploxoo ond froo A opooioo
roopootivoly. Tho intoroopt of tho plot of Y agoinot X
io tho nogotivo valuo of tho oquilihriua oonotant for tho
1 1 1 oooploa.

In UV opootrol otudy, in general tho oaoo pro
ooduro and ooouaptiono oro uood oo in tho IR mothod. loca
uoo thoro io ooollor oaporotion of oononor and polynor oando
uv toohniquoo uouolly cannot ho Inwlivfi 1" ==I=' ~"'='
aultiplo opooioo oaiot. For oolutiono of coopoudo with
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oporoprloto ohrooophorlo qroupo in oononorlc ond o olnglo
H bonded opooloo tho UV oothod ronko with tho IR oothod ino

In tho PVT oothod tho prooouro of o known voluoo

ond wolght of goo lo oeeourod over o tooporoturo ronqo. In
thio oethod lt lo conoon to ooowoo thot only ono polyoorlo
opooloo oocuro, normolly tho dlmort Moro con bo ooouood,
but tho odditlon of oojootaulo constants tondo to ooko tho
lntorprototion onbigoouo. Tho PVT oothod lo o roooonebly
good one, plrtioulorly when tho oosumptlon of o olnglo poly
meric form is volidt

4. Hydrogen Bond Forootlon of Kotono-P-Croool 5yotoooSolvent Effect

lntornolooulor hyorogon bonoo botwoon olooholo

or phenols and vorlouo typoo of oorbonyl qroupo hovo boon

oxtonolvoly otudlod ond lnforootlon is now ovoiloblo on
tho woy AY‘ ond A H vory with tho notoro of tho proton
ooooptor ond to o loooor oxtont on tho effooto of ohongoo
in tho donor oloohol. Tho offoot of difforont oolvonto
on tho froquonoy ond lntonolty of the carbonyl oboorptlon
in kotonoo hoo boon otudlod uoing both fiooon ond IR opootro.
However tho opeolfio footoro which ootoroino thooo offooto

ore llttlo understood. Attompto to reloto tho froquonoy
shifts to tho bulk dieloctrlo offocto hovo boon only portly
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successful (30-32). Bellamy and Uilliaaa proposed that
the specific interactions with ths solvents are responsible
for ths major frequency shifts (33). Caldou and Thospson
calculated the individual contribution of the dielectric
and specific interaction affects (34). however no direct
check on the validity of these results is available.

Later Hnstsal and Kagariss (29) have nods an
I

extensive investigation of the specific interactions on ths
carbonyl frequencies using the nixed solvent techniques.
The equilibrium constant K for 1 1 1 and 1 I 2 kstons
p-cresol coaplsxes are determined using Brown and Kubota's
equation (28) and also by Nash aethod (27). In Broun and

‘__

Kubota's equation (5.2) and (5.3). A represents the ketone
and B rspreaente p-craaol in the monomeric fora. Values
of b and p required for the solution of sq.(5.2) and (5.3)
were determined from the absorption in the hydroxyl region
using the method of widoa et.al (35). Values of p and b
were determined for a series of solutions in which the kstons

concentration was constant and the p-crssol concentration

varied up to about 0.09 M. An assumed value for K‘: was
uesd to calculate [_AI_]and [A82] for the individual solutions
froa eqs. (5.2) and (5.3). Following ths sass procedure.
the equilibrium constants of btona-p-cresol syetsss have
been evaluated by several authors (36, 37). In all thsss
investigations the acceptor (katons) concentration wee kept
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oonetent end the donor (p-creeol) concentretion wee veried
et regoler etepe, for the eveluetion of eoeilihriu conetent

Eventhouqh eeee ef the inveetigetione cited
ebove ere done oerefolly end ecceretely end the reeulte
obteined ere of fundeeentel iepertence it wee felt thet e
reinveetiqetien of eoee of the eyetee ie deeirehlo for the
following reeeone. In the oeee of coepounde cepeble of
forcing inter end intreeolecoler coepleeee, it hee been
ehoen thet e cdepetition between theee ted typee of coeplee
foreetion tehee plece (14, 3|-40). hence it ie deeirehle
to inveetigete eoch eyetee by chenging the cencentretion
of the ecceptor keeping the donor concentretien et e con
etent lee veluet A very lee concentretien of the donor
ercludee the poeaioility of eny eelf-eeeocietien preblee.
Different eothore need differet inert eedio. Uee of eeee
inert eolvent for ell the eyeteee enhencee the velidity ef
e coeperetive etudy. in ell the eyeteee etudied here
cerhentetreohloride ie oeed ee the buffer eediue. In thie
report the reeulte of the etudy of the eeee donor viz p
creeol in e eeriee of ketonee ie preeented.

Different eethode eentioned eoove for the deter
mination of eeeecietien conetent ere very tedioue even
though they give eccurete reeulte. in e etudy like thie
the eein difficulty ie in the detereinetion of the concen
tretion of the Cfllplel fereed end it ie neterel to reeort
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to lntaqratad lntanalty for thla puwpoaa. If ul kaap tha
oonoantaatlon of tho donor at a flaad low volua and if tha
aooapto: oonoantratlon la lnozaaaad than a ataga will ooaa

uhan oil tha donor aolaoulaa aza uaad up fo: oonplaa foraa
tlon. Inoraaalnq tha oonoantration of tha acceptor bayond
thla valua will not hava any affaot on tha band oua to tha
hondad apaolaa. Thua it la not too fa: away fron tzuth
lf ua taka tha oonoanttatlon of tha donor aa that of tha
oooplau. Making aaa of thla loaa, tha fornula for aqulll
hrlun oonatant I for a tornany ayataa involving a proton
donut, a proton aooopto: and a aolvant may ha uzlttan aa

(ca - c_m;_f - cu)

uh!!! C5, C: and Bx ara tho oonoantrotlon of total proton
donor. total proton aooaptot. and hydtoqan bond ooaplan

raapaotlvaly. C“ tha oonoantratlon of tha hydxoqa bond
oooplax la oetaxnlnad by tha uaa of aolaoula: axtlnotlon
ooafflolant 6 for tha honoad Uh bond, uhara

ahaoahanoa V _
45 - (aall thlaknaaa in ana) a (oono ln aola/lit)

*7‘ 5. 9)

A alnllar axpraaalan uaa udod by h.Tauooau:a (41) for tha
avaluatlon of K of hydrogen hondlnq ayataaa in phanola.
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Tho donor ooncontrotion io hoot oonotont ono oo

tho oocopto: conoontzotioh io inczooooo tho intonoity of tho
hondod UH bond inorooooo ono roochoo o ooaiooo ohilo tho

intonoity of tho fzoo O bond dozooooo .0‘ ,..¢h.. '
oinioon. Onco thio oooiooo ond oiniooo ozo ottoinoo, ovon
if tho oncopto: conoontzotion io incrooood, tho intonoity
of tho bondo roooin unoltorod. Thio con ho ooon ftoo tho
tin”. b.2)'(s.4) no (9.6). Thio ohooo thot olooot oll of
tho donor ooloculoo oto hyotogon hondod looving no fzoo onlo
culoa for tho occopto: to out upon. Thorofozo. if ono

ooouooo Cu o C°’ in ouoh oolutiono tho ortoi io only
o oinioua. io colcolotoo uoihg (5.9) in which ohoorhonoo
io tho ooxiouo ooooaonoo voluo of tho honooo hono ond con
oontrotion io tho oonoontxotion of tho donor. Afto: tho

pooh ooloculo: outonction cooffioiont ~é-..' io ooloolotoo
in thio ooy, tho concontrotiono of tho honood p-oroool in
oolutiono in uhich tho occopto: io vozy diloto ozo ooloolotoo
by tho foroulo

C‘ I on“: / -€ non (8.10)
ohoro o.:x io tho ohoozhonoo ot tho pooh oo: oit thioh'

nooo of tho oolution. (Fiqo. 5¢1¢ 8.3 ond 5.5). Uoing

tho E“ voluoo thoo obtoinod, oqoilibtiuo cunotonto oso col
uulotod from oq. (5.l).

5. ixposioontol Port

A Bookoon 13.30 opootzophotoootoz with oouhlo

booo oporotion io mood for infrorod ooooazooonto. Beokon
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Fig. 5.1 to 5.6. F200 and hondcd U-H bands of P
arasol in m1xtu;u| of C :1‘ and diffarnnt kctonon.

Fig. 5.1 L 5.2. P~c:0uo1 in Acotono.
F19. 5.1(0) P-crcool cuI¢.o.o4 M (h) 0.06 I,(:) 0.00 H.

5.2(a) Pqczonol conc.0.4 H (b) 0.8 H (c) 1 H.

Fig. 5.3 and 5.4 P-crocol in tthyl Methyl ketono.
5.3 (0) P-crclal con:.0.06 M lb) 0.00 H (c) 0.1 H.
5.4 (P, P-CIIUU1 CDHCQOQ‘ H ‘Q’ 0.0 H (C, 1 no

|~

F19. 5.5 L 5.6 P crouol in Dlothyl kntona.
5.5 (0) P crnuol con:.0.02 H, (bl 0.04 H, (c) 0.06
5.6 (0) P crelol conc'0.2 H (b) 0.5 H, 0.6 H.
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Vorlohlo poth longth oiozoootor eollo oro wood with o fluod
ooll thlchhooo of 0.8 no. For ooch ooooutomont of tho
torhony oyotoo o hoohgxound trooo of tho Gltrolpondlng
hloah oolutto (tho olutton thot cohtotnoo tho oooo con
controtton of tho occoptorl lo to so thot it to owpo:

.
1

lopoood on tho oonplo boo. All tho oomplgo ugjd (Q;
IR Hoourononto oxo of puro quolity ond thoy ozo dlotillod

0

oqoln hoforo uoo.

I. Rooulto ond Dioauooloh

Tho oquilibriu conotonto of p-croool with
oootoho. ethyl oothyl kotoao. diothyl kotono oro ovolultod
by tho obovo oothod ond tho xooulto oro givoh in Tobloo
(5.1) ond (5.2). Voxy low ooncontxottoho of tho occopto:
of tho ozdoz of 0.0: H to 0.1 H ooo wood for tho ovoluotton
of K, ond oliqhtly htgho: concoatxottono of tho ordoz of
0.5 H to 1 H oro wood to dotosoino tho ooloculos oxttnctlon

coofftoioht {E Dow . Tho donor conoontrotton is kopt ot
o eonotont low voluo of 0.0192 I01/14% I51¢h ll Pllilllllfl
odvontoqoouo to ovoid any poooiblltty of oolf ooooolltloh of
tho donor ooloculoo.

In Toblo (5.3) tho oqwlllhrtwo oonotonto ohtolnod

by tho oroooht oothod oto coopozod with pzoviouo litozotuxo
voluoo. It con ho nutod that tho rooulto of tho pzoooht
invootiqotiono oxo Ln ootiofoctooy ogroooont with tho pro
viouo onoo. Thlo foot pzovoo tho volidity of tho oioplo
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and straight forward aathad fsllowsa Ln this lnvsatigatlan.
Tha lawar I valas shah carbon tstraehlorids La aaad as tha
solvaot iaataao of ayrlahaaana claarly daaaastrstaa tha
lnflaanss of aolvant in hyorogso band foraatian. This

observation supports ths proposition (37) that uaah apaslfls
Iota! 10¢“ran 352»: batwaan carbon tatraohlorlda and hatoaaa.
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HULECULAR LXTINLTIUN LUKFFILILNT Q..'_ FUR THE
BUNDLD UH BANDS OF KLTUNE D P-CHKSUL SYbTLH5

£onoont
ration
of tho
acceptor
Q; ool/lit

Acceptor

1.224H¢ItOl\O
1.0022
0.8018

Ethyl
Hothyl
ketono

0.9461
0.7569

D1-othyl
ketono

CIF I
’ .

Absorption noxi.. . Illa

0.2210
0.221l

0.206
0.206

0.234
0.234

U.
é -Ila

231.5
231.5

Z15

215

245
245
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aauxuxaaxua constant x c; ' 9-"'93 '°*'-/1*‘

Coacuatxotlon ‘Concentra
l==¢niIr If thl ¢==IP1- :::§::“°“ :10» of thc'5: -1:/11¢. I “”"°"“

°.Q4UI‘:.‘.“.
QQDI1‘

1"

Ethyl }0.06u1Hath 1 @ ,a=:¢£- 0 0'02
¢1OU2L2

0.0319
BL-othylkltonc 9-056!

nun. band 600910:
C I010/11%.

9.0505

0.058!

0.003,

0.0607
0.0753

0.0887

0.0559

0.0753

0.0044

0.09!’
0.0073

0.0059
0.0071l

B.D0l2l

0.0046

0.00‘!

I-Z

l.12
I'll
l.1l
I-15

I¢Zl
9.5

9.45
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TABLE 5.3

LITERATURE VALURS

sQ1VI||t K nI'a.’0Acceptor Boga:

Acntoan P-cxeocl

Ethyl
Inthylkctoal

I

I

D1-othyl
intone

Q

Phaéoi

P-czoiol

Phenol

P-casual

Phenol

Ca:bontat:ach1o- I-23
rid:
Cyclnhcsnao
Ca:boatot:a
chlorido

£a:hoatot:a
chloride

.4

Ca:uoatnt:l
chlozidu

'0 - prooont ctudy.

12.l1
I-5

l.35
l¢47

9.3

19.9

8.0

9.40

1.35

\

29

42

43

35

3‘

3‘

43

0

35
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CHAPT£R VI

ORGANIC POLYMER THIN FILMS BY BLUE Dl5CHfiHBL

FULYHLRIZATIDN HTHUD

Eiactrcdiaaa glow diacharga paiyaariaation
nit and a apeciai low tcnperatura infrarad ccii uara
fabricatad and organic pclyaar thin fiia uaa praparad
Infrarad apactrua of tha paiyaar fiia uaa atudiad and
tha charactariatic iinaa of tha poiyaar uata idanti
find. A attaapt uaa aiaa aada tn axpiain tha poly
aeriration aachanian taking placa during qicu dia
charga.
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1. INTRUDUCTIUN

In tha aarly 1960a aavaral uorkara diacovarad
(I) that polyaaric filaa produoad in a plaaa attain pro
partiaa guch aa chamical inartnaaa, good adhaaion to tha
aubatrata, high thcrnal ataoility, hoaoganity and abaanca
of poraa and aupcrior dialactric charactariatica which
could ha utliaad in aavaral important practical appli
cationa. In tha laat dacada a good daal of work haa
bean raportad daacribing tha propartiaa of organic poly
naric fllaa aynthaairad by plaaaa procaaa and aany appli
cationa for thaaa filaa hava haan auggaatad. Plaaaa
dapoaitad organic filaa of thia typo found uida appli
cation aa dialcctrioa in alactronic induatry aa protactiwa
coating for aatala and othar rcactiua'aurfacca and aora
racnntly in tcucrao oaaoaia naaorana fabrication. A
good aurwcy of thia work haa bean auaacrirad in tha rov
iaua of J.H. Hollahan and 6.7. Ball (2) and alao in tha
procaadinga of tha Syapoaiua on Flaaaa Chaoiatry of
Polyucra (3)

Tha plaaaa atata of aattar can ha dafinad aa
a partially ioniavd atata of gaa conpoaad of iona, ala
ctrona and nautral apaciaa. Plaaaa polynariratlon can»
taka placa in tha gaaaoua plaaaa crcatad by a glow dia
charga, a corona diacharga, an alactron bean or a laaar.
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Organic or orgonoootallic vapooro introoucod into tho
plaona oro convertod into iono, fxoo rodicalo. or oucitoo
noloculoo. Tho tcaction of thooo apocioo with tho oonoao:
and with tholoolvco leado to tho fotootion of highly
crooolinkod and bronchoo polyoa:o¢

Z; UHAT bUBSThNC£$ DU FORM POLYMERS?

Uno outotanding oovantogo of o plaooa procooo

for the fozootion of organic polyoo: filao io tho nido
voxioty of organic coopounoa that nay oo polyoerizoo by
thio tcchniquo. Bocaoao of tho vory high onorgy avail
ablo in tho plooao, practically any organic or o:gano
notollic coapoud including thooo which arc dovoid of
functional gzoopa normally roquirod in conventional poly
oerizotion can ho polyaerizoo. oovorol roporto contoin
ourvoyo of tho typoo of compoundo that oro Glplhll of
forcing polyoe: filoo (4-7). Thooo includo ootusatoo and
onoaturatod aliphatico oroootico and o vozioty of o:gano
oetaliico- oaolinoky and Hoioo (6) havo givon o quali
totivo rating of tho tonooncy of a vorioty of aonoooro
with divoroo functional gtoupa to fora occoptoblo poly
loric fillo. in thio study, otgonooilanao woro found
to fora tho aoot dooirablo filoo uhilo aliphatic halogon
coopoundo octo reported not to fora filno at all. Hrooloy
and Hammlt (5) found thatvenyl forxocano and 1, 3, 5 
tcichlorohonzono had tho gxoatoot tondoncy to fora filoo
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uhila caabontatraohlorida, haaaohlorooanzana and amaonia

did not fora filaa at all. Baaad on thaia dun taaulta thay
concludad that a polyaa: could ha obtainad uhan tha aonoae:
containad aithe: a carbon-hydaogan bond, a carbon-carbon

doubla bond or an aroaatio ring unlaaa it uaa pzahaloganatadt
A aiaila: atudy undartakan by Yaauoa and Laaaaa (8) aiaainad
tha polymerization of 90 aonoaara in an alectrodalaaa dia
charqat Thaaa aonoaara uara found to fall into tuo claaaaa
according to thai: affect on tha praaaura in tha flow ayataa.
Una claao of monoaeaa inoraaaad tha praaaura in tha flou
ayataa uhan thay uara inttoducad into tha plaaaa aftaxglou
and tha other claaa of aonoaara oauaad a dacraaaa in tha
paaaaura of tha flow plaaaa ayataa.

Hollahan and HoKaava: (9) daacribad tha fozaation

of a polymer filo uhan a aiatuta of CU, N2 and N2 uaa
axpoaad to an sf alaotzadalaaa diachargat Tha nitrogan
contant of tha polyaa: fila uaa found to oa diractly pso
portional to tha flow aata of nitzogan gaa through tha plaaaa
region. Tha affacta of diluting tha aonoaa: with a cazriaa
gaa auoh aa argon or otha: tara gaaoa haa alao baan axploxadt
Iha xaaulta indicatad that tha psaaanoa of inert gaa can
changa tha prapartiaa of tha plaaaa aa wall aa tha attu
otura of tha fila (10, 11).

3- £XPf.RlHt.NI'AL HLTHUBS

A uida variaty of raaotoxa and aapaaiaantal
azrangoaanta hava been uaad to pxapaza polyaa: filaa in
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alootrio oiaohazga. Thaaa nay ha olaaaifiao according
‘ .

to uhatha: the gaa ia atatio or flowing and uhatha: int
arnal o: oxtaxnal alaotrodaa aaa uaad.

Raactoxa with inturnal elactaodaa can ha uoakao

with do power auppliaa aa wall aa ac auppliaa oparating
over the ranga of la 50 Hz to 2450 BN2. Hhan a do dia
oharga ia uaad, tha polyao: filaa fora principally on tho
alaotroda acting aa the oathoda. In tha praaanoa of an
ac fiald, filaa fora on both alaotzodoa. In tha aoaenoa
of flow of gaa through tha ayataa it haa oaan ooaorvad that
tha gaa proaaura can aitha: rioa or fall uhan tha diaoharga
ia firat tutnod on (5, I2-14): Tho diraction of tha
paaaauaa ohanga dapanda upon tha aonoaa: uaad and ia a Q
raflaotion of tha talativa ratoa of aonoaarafzagaontation
and polynarixation. Tha rata of polyoar dapoaition haa
bean found to inoreaao up to an aaayaptotic limit aa tha
initial aonoaat praaaura ia inotaaaodt for a fiaad ini
tial monomer praaouro, tho polyaatization rata inoraaaaa
with inoroaaing diaoharga Pflult or ourrant donaity. it
haa alao been ooaarvad that tha deposition rata can oa
inoroaaod by cooling tha alaotaodaa. Tha aonooa: aay
oa fad continuoualy through tha ayata in tha pzaaanca
or aoaonca of a cazxiar gaa (15, 16). It haa baan claiaad
that oparating in tho floathrough moda haa aovantaga of
taduoing tha building up.0f contaainanta in the fila (15).
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A oohomotic ropzeoontotion of o flow oyotoo

uood with on oloctrodolooo diochorgo ($7) io ohoun in
Fig.(6.1)- Sovozol oodoo of opoxotion hovo boon oeo
cribod. Tho oonooo: may bo foo diroctly through tho
ploono zono (9, 10, 20) or tho oonono: ond o cozrioz
goo may be fod through tho ploooo zono (7, 8, 21) or tho
oonooo: ooy bo intxoducod into tho ofto: gloo o! on
inott goo (17, 22). Uoing tho fitot configurotion it
hoo boon found that tho polyoorizotion roto incxooooo
touozoo o ooxiouo voluo oo tho diochoxgo pooo: io incro
oood. Abovo o cortoin pooor lovol, oll tho oonooo: con
bo convortod to polyoor. For high polyooriaotion xotoo
it hoo boon obooxvod thot o vary fino polyoo: condo: io
fotood in oddition to tho dopooitinn of o filo. By
conttoot, oacitotion of o corxioz goo ond oubooquont
introduction of oonooot loodo to o louot polymerization
roto ono ovoido tho forootion of o pouoor.

4. CHABACTERIZATIUN QF PLASMA PULYHLHIZKD FILMS

Tho oothodo uood to choxoctaxizo organic filoo

dopooitod in ploooo oyotooo ono tho pzoportioo of thooo
filoo hovo boon oummoriaod in tho rcvioo orticlo of

Kolotyrkin ot.ol ond A.H. hoozno (i, 23). In gonorol, tho
pzopoztioo of polynoric filoo oynthoaiood in ploooo ooy bo
ouooorizod oo folloooa filoo oro ooorphouo. pinholo (zoo,
ond highly cxooo-linkod. Iho polyooro hovo oupoziox
thorlol ltobility, high oolting point! ond low solubility
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They contain high concentretione of unpaired epine and
undergo rapid eurface oaidietion when expoeed to atmosphere.

Lower aolecular woight eaterlele which are aore eolueble
and eofter can be formed under conditione of high preaeure
and lower current denaitiee (19. 24).

Among the verioue techniquee ueed to characterize

plaaee ~ polymerized files, infrared epectroecopy hee

yielded eeaiaua information. Diecuaaione of thekr epectre
of euch polyaere can he found in referencee (9. 15, 10,
20, 25). The conclueione reached from theee epectre
indicate high deoroee of croee linking, uneatoretion and
feeturee einilar to thoee found in polynere prepared by
conventional arena. Kronick ettel (25) have carried
out detailed infrared inveetigatione of theee filee by
fruetrated multiple internal reflection epectroecopy (thin).
The general conclueione dorived from their work ere that,
independent of whether the eononer is aroaatic, olefinic,
conjugated or unconjugated or fully eaturated, the eolid
product ie e dense, highly branched and croee-linked polymer
containing coneidareule ueeturation in the form of both
olefinic bonds end free velenciee. fhe preeence of cer
bonyl bonde were alao ooaerved when the files were erpoecd
to the etooephere. Ihe Iheorptione due to oonde in the
carbonyl and hydrouyl regions were found to increaee in
lnteneity elth the tine of erpoeure to the eteoephere.
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Differential acaninq calorimetry (vac) and
thorool grovitaatric analyaia (TBA) havo boon oaod to
oaanino tho tharaal charactariatica of plaaao polymarizao
filna.(20)

5. HECHANIEHS UF PLASMA ?ULYHLHlZATlUN

In vioo of tho largo: noooer of olanantary ro
actiono taking placa in on aloctric diacharqa, tho (orac
lation of a aochanioa for polyoar foraation and tho vari
ficotion of this aochaniaa arc very difficult taaka to
occonpliah. Thora ara too aajo: opproochaa to aaplaining
plaaoa polymerization. In tho firat approach, polycar
izotion ia aaaooeo to tako placa on an olactrooa or othar
aolid aubotrato aa a result of aonooer aoaorption and tho
auoaoquont bonbaronant of tho monomer by activa aoacioa

and radiation producad in tho ploooa. Tho second approach
ooouna that froo rodicala or ionic opocioa ara prooucoo
in tho goo phoaa and that thaaa aay interact among thaa
aolvoa or with tho aonoaor to proouca activa apaciea of
larger aolaculor aaight i.a. oligomara. Tho foraation of
a filo occuro ahan ooth tho original apaciaa and tho oli
goaara diffuao to tho auoatrata aurfoca oara thay can
react further. A aocond oiatinction which can oa notoo
ia tho oolaction of iona or fraa rooicala aa tho activa
aoaciaa raaponaiulo for polyaarication.

Tho intarprotationa of plaaoa polyoorization and
tho propoaod aachoniaa proaontoo in tho litaratura can ba
diatinquiahao according to ahathe: olactrodoa oro praaant
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within tho diocharoo or not. hiiiiooo and Nayoo (15)
have otudiod tho poiyocriration of twoivo vinyl oonooero in
o boil jar opparotuo containing poroiioi oioctrodoo which
oro excited at 10 Hhr. It woo pootuiatod that tho active
opocioo were forood when oonooer ooiocuioo adoorood on

tho oioctrodoa woro ooooardod by oithor oiactroo or iono
derived froo tho piaooo. Tho frogmonto formed in thio
mlnnet were osouood to initiate polyoorizotion within tho

odoorbod ioyer. Further evidence of tho importance of
oonooer adoorption woo tho oooorvotion that tho poiyoer
izotion rato increased with oonomer preoouro upto a iioi
ting voiuo for a given current density. bonoro et.oi
(24) have noted that undor conditiona of high ourront
denoity ‘WI forootion of partioieo of poiyoor could ho
oboorved in the vapour phaao. However, tho ooount of
polyoor forood in thio way woo found to ho nogiiqioio
compared to the amount of notorioi that forood on tho
oioctrodo ourfoco. The initiation of poiyoer forootion
woo assumed to toko placo through free radicoio producod

by ooiiioiono between tho froo electron prcoent in tho
pioaoo and tho oonooor vapour.

A oooewhot ditforont poiyoorirotion oechaniao

hoo been proposed for thoao ooporimanto in which on oioct

godoieoo diocharqe woo used. The flIP°li¥i°" I030 Ill
found to bo independent of tho power of tho reactor hf;
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ond incroaoad with tho oqooro of tho oonooor partiol
prooooro (ll. Booed upon tho oooorvcd prooooro dapond
onco it aoo propoood that polyoorirotion occorrod in tho
goo phooc.Ihoopoon and Moyhon (20) hovo otudiod tho roto

of polymerization of otyrono in on oloctrodolaoo diochorgc.
It woo oboerved that the roto of polyoorizotion dcpondg
on tho pooor coupled into tho ploooo and at power lovolo
of 36 H, porticlao of polymor ware observed to foro in
tho goo phaoo and fall to tho bottom of tho reactor.
toroful oocervotion of tho filoo proocnt on the ooll of
tho rooctor ohoood tho prooonco of thcoo porticloo in
tho filo. On tho oooio of thio ovidcnco, polyocrirotion
in the goo phoao woo conoidorod to ho important cooporad
to polymerization on tho oorfoco.

Froo this review it io apparent that o coopra
hooivo oochonioo for oxploining ploooo polyocrizotion lo
not ovoiloolot Bot it can cortoinly be concluded that
iono and rodicolo are forood in tho goo phooo ond theoo
opccioo ooot certainly intoract ooth with thoooolvco oo
wall oo with tho nonoocr goo to producc intormadiotoo of
increasingly greater molecular wright. Ihio oat of ro
octiono con lead to tho forootlon of polyoor chaino pro
scnt in tho goo phooo ond to tho ultiooto forootion of tho
fino polyoor poudoro roported by o numnor of oothoro.

from tho brief ourvoy qivon abovo it lo cloor
that noithor tho proportioo of tho polyoor nor tho nach
onioo of polyoorirotion hao boon otodiod in a oyotoootic
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B80008» Thor! Ito mlny plroootoro thot dotornino tho
quolity ono roto of production of polyooro. In tho oooo
uoy thoro oro oony foctoro that couoo tho dogrodition of
tho filoo. In oony coooo ovon tho otructuro of polyooro
ll "fit ¢¢rt81fl- Al ouh o progroomo for ootoilod otudy
of polyooric thin filoo io tokon up by tho outhor ond io
boing continued. A oriof roport of the work in progrooo
io givon below.

5. EXPLHIHLNTAL 5LT UP

A high froquoncy oocillotor oocilloting in tho
rongo 3 - 10 HM: uoo conotructod uoing O07 boon pouor

totrodoo. Tho circuit oiogroo uood for tho pouor oupply
ond tho oocillotor ore ohoflnin figo. (6.2) ond 16.3) roo
poctivoly. A tuned ploto tunoo grio (IP16) circuit uoo
uood for the oacillotor. Tho high tonoion uoo fod Giro
ctly to tho ploto through tho contro of tho plate coil
ond through o 16 K.rLrooiotonco to tho grid B1. Iho
grid condrnsor uocd woo 0.U1/,uF, cothooo biooing voluoo
boing 20D_n_ono 0.02 fkf. Tho contro of 62 coil ooo

oorthod through ‘I03-Flood 0.02 /J..F oiooing. Tho high
frequency voltogo in tho ploto coil uos otoppod up by o
coil hoving 30 turno. Tho rotio of ylx :§33 to 4, g
ond y ooing tho nuooor of turns of tho ploto coil ond otop up
coil roopoctivoly. Tub thin copper foilo uoro ottochod
to tho too ondo of tho diochorgo tuoo ono thooo coppwr
foilo ond tho otop up coil uoro connocted in oorioo. An

oir condenoor C‘ uoo uooo in poroliol to notch tho froq
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ency of the secondary circuit to that of the oecilletor.
The power eupply for the oecilletor hee a power trenef
oreer capable of giving 2 Xv, 206 e eepe. The voltage
of the eecondery of the treneforaer wee applied to eele
niue eetel rectifiere. further itflfla filtered through
the choke (15 H). input filter lyeten and filter con
deneere ( Bibi). The eonoeer vapour of the eeeple at
at e preeeure of about 1 torr was fed through the control
valve to the diecherqe tube B which ie previouely evacuated
to i e 10': torr. The monomer vepour wee diecharged by
the R.F. oecilletor connected to the outer electrodee of
the discharge tube and the polymerized file wee depoeited
on the eodiue chloride eubetrete pleced ineide the die
cherqe tune.

A low temperature ir cell lFig.6.5) with
eodium chloride windowe wee elao feuricoted for low teap
erature work. The aide tube carrying a jot is for the
ejection of the polymer vapour on to the cenzrel window.
tha whole cell cen be deteched end pieced inside the eeeple
compartment of ir epeotrophotoeeter to take low teeporeture
ir spectre.

Polyeer Thin File of P-Tohidiee

To etert with p-toufldine was selected ee the
IGNORE: for polynerieetion for eeverel reeeone. It ie
reported thet the polynerizetion efficiency in glow die
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chorgo for p-toluidino is 40 goo/kw hr (5). In thio typo
of work tho vopour prooouro of tho oonooer io uouolly con

trollod by tomporoturo in tho oooonco of oochonicol control.
Tho vapour prooouro of p-toluidino ot rooo tooporoturo io
obout 1 torr which io tho dooircd rongo of prooouro. Uoing
tho low tcmporoturo ir coll o thin loyor of tho ooncoor woo
ootoinod on tho control window ond ito ir opoctruo woo rocor
dod. Uoing tho oot up ohown in fig. (6.4) in ploco of tho
low tomporoturo ir coll tho polylor thin filo woo cbtoinod
on o Nofll ploto plocod in tho path of tho diochorgo. Un
poooing the dicchorgc tho filo dopooitod not only on tho
window out also on the oidoo of tho dicchorgo tuoo. Tho
colour of the filo woo dork brown ond it woo not oooily
romovod from tho Nofll ploto ohowing thot it hoo got good
odhooion to tho ouhotroto. p-toluidino io highly oolublo
choloroforo whcrooo tho oolyoor filo io vory oporingly oolu
blo in choloroforo ohcwing thcrooy thot tho coopooition of
coloured filo io different from tho poront ouootonco. Tho
ir opoctruo of the oaoplo woo rccordod. Tho oxporiont woo
repooted oovoral tiooo ond in oll cooco tho opoctro ohtoinod

woro idonticol. Tho cpoctruo of tho Pdlynct olong with tho
oonooor is givon in fig. (6.5). ond tho vihrotionol froqu
oncioo oro tobulotod in Toulo (6.1).

Tho ir opoctro of p-toluidino in tho liquid ond
oolid ototo ooro otudiod by oovorol outhoro (26-28). Tho
prominont lines of tho opoctruo oro tho 3400 ond 3330 co"
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linos roprosonting NH ontioyomotric and syoootrio strot—
chino vibration fivo CH strotohing viorotiono at 3092,
aosa. aozs. 2920 and zasa =-", ,h,,,; ,;,, ,;,,,,,,,, ,‘
1539 lflfi 1513 60", C-N otrotohinq viorotiona at 1270 =¢"
ond tho dioubstitutod ring vibrations at 810 and 750 on",
Alooot all thooo lines oro prooont in tho oonooor opootruo
qivon in fig. (6.5)

A conporotivo study of tho lonooor and polyoor
opootra bringo out tho following ooviationo in tho polyoor
opootruo froo tho oonooor spootruo. Ihero is only ono
‘lino ot 3360 oo" for N-H otrotohinq vibration in tho
polynor opootruo in plooo of tvo linoo st anon and aaau =1?‘
in tho oonooor opootru. Throo linos ooxrooponoing C-H
vibrotiono ohioh aro orooont in tho oonooor sro also pro
oont in tho PO1yIIIo Yho 1620 and 1510 oo" lines cor

rooponding to tho rips viorationo oro unaffoctoo in polyoor
opootro. Also the strong lino at 1270 oo" oorrooponoing
to C-N otrotohing vibration vao found to no oiooing in tho
polyoor spootruo. Uut of tho too bondo at 810 ond 750 oo
roprooonting tho dioubatitution of oanrons ring tho lino
at 150 oi’, is shiftod to 600 oo". An aoditionol vook
bond nos oboervod at 3510 oa" in tho polyoor opootruo and
tho intensity of this band inorooood with long oopoouro
of tho filo to tho atooophoro- Thio can ho tho U-H bond

-1

duo to oboorption of otooopherio ootor vapour (29). flddit
ionol oondo ors prooont at 1300 and 1250 oo" also,
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Lventhough the chesicel reection during poly
eeriretion cen teke plece in different ueye, froe the
ebove comparative study of the spectre; it is eufifeeted
thet polyeerizstion tekes plecs through the folloeing
reaction mechoniee

P Monomer Polyeer Unit
The polyeer formed is e eixture of 4, 4, di

eethyl diphenyl end hydrsrine. In the hydrazine Cflhzflhz)
molecule the h-H esymeetric end syeeetric vioretione ere
reported to be-st 3350 end 3325 ce" (30). in the poly
eer epectrus of fig. (6.6) these teo lines ere not reenl
ved out. It soy be reesonsoly concluded thst the line st
3400 cu-‘ ie shifted to 3360 ce" end because of the pro
rieity of the etrong line at 3330 cn" ehifted to higher
frequency side, there reeulted only one strong breed line
centred eround 3360 ce". This frequency shift fros 3400
to 3360 cu’. nay be o rceult of chenge in hybridizetion st
the u stoe from swz in p-toluidine to aw” in hydrazine
eoleculs (30). The dieeppeerence of the strong line cor
responding to C-N stretching vibretion, in the polyeer spe
ctr“. 1nd;¢;g¢¢ thgt ~32 group is knocked off. hince the
ring vibrations ere preserved in the polyeer spectrus it is
clesr that the phenyl ring is not effected. The odditionsl
week oande st 1300 end 1250 cs" csnnot he
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aoalgnad with tho available data but the lino at 1250 oa"
aaaaa to ropraaaht N-N vibration (31). Tho ahiftihg of
p-aubotitutao band at 750 oa'1 to 680 :a" lnotoataa tha

raplaceaent of light NH: group by a haavy phanyl group.

p-toluoina to taken aa a taat caaa and it to
found that tha abova axpaziaantal aat up can oa auccaaa
fully uaad to prapaza polylot filaa by alaotrooalaaa gloa
diachaxqa polyaariaation pxocaao. lt haa baah ahoan that
apaotroaoopic lnvaatiqationa of thaaa filaa can thzoa
light into tha poaaiola aachantaa of polyaaataation. It
is axpactad to axtano thin work to low tanperatuza and to
tho prapazation and atuoy of otha: organic polyaaza.
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INFRARKD FHLQU£NC1£5 OF P-TUL0l0lN£ AND

GDP P-TULUIUINE

P-Toluidinc SUP P-To1u£d1nc
frcquency cu’, Aoaignnont of
QQQQQQQQQQQQQQQQQ "pfl"‘.fl‘1iflQ.

5

I

I

3400
3330

3210

3000
2920
2850

1075

1620
1510

1450

1270

121$
1100
1120
1030

010
750

5- strong, H-Medium, and U-wank.

3570

3360

3000
2920
2050

1620
1510

1450
1300

1250

1100
1120
1030

010
680

(OB)

(nu)

(NH)
association

(CH)

ting vibrations

(cu)
GI

Subotttutod banana:
vibration
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