PART w1

SPECTHOGCOPIC TUVROTIOATINNS



GRNTAL ERIBODUCTION

burdny the past ons ond o hnlf desndos, intevest in toth
shooretionl and expordnents? studies of the olectronde spostral
propapties of avonatie compounds containing %ﬁ@m Diosonerie
substituont grovpn hue conbirued to huve a duopey Wnderstanding
of the slectronls sbzucture of and olso of the radiative bl

notradistive propertios of sush m&awmgiﬁgﬂ The presense of

gtrong pegsmerde enbstiluonba, 1ike nitre ( Wy ) groupy shows
‘& dvastic change 4n the oloctvonic spostra of parest compounds
The situatlon sshie Limos is @ wﬁmimﬁm that 3 bocomss

- QI£fLeult B0 unalyse the spectyn in termy of the olectvonic

stabes of the povelt compounis. Tho M%Jﬁ@ﬁﬁiﬂa in the gpoctral
ahovacberdstios vesuity Srol ho prosence of new o-T and
fntzamoleculor chavgo trensfer ( € ) states in theco subetitue-
tod Bwlooules. Tho 67 obates oo sugrested 16 be the privary
eouves of the spoetral shise from tho purent ooepounds, Tho
rafictive ond gonrodindive proporiics of the olocules ave
severely affechod, Sows of tho nlirourémitics glve olthor
finsrescence op ok

sephoroscence only while o fev give bsth
erdesiong, Thoe luck of anission S0 nltvobinrone s well Krows .

Inspite of o high twiplet { ¢ ) guantun yisld (P, Jg phosphos
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- poscones qaanban yield ( q>p J in nitrcarcratic molosules in
ueuslly amell, Pouradiabive proosss from '.n- n* is obhsaryed
to be efficients Thess probleans brought the cloctronie spoctral
studies of nitroorenatic cowpounds An focus wmumg&gm,

The prosest dovostipation is sh offvd & @mv?sé@f
informutions mgamiﬁg the oloctronic sposteral propepbies 68
sose nibroatonabic compounds, ‘"hﬁi glootrondic spectral dats sre
éollected 4n OV » Vieldle vegion ot 208°K opd lso como timos
ab 717K, In order to oralyss the gpectra sod to assign the
eloetronic tronsitionsy the wi:amm tochnicue depending Upon
the solvent offest s gued, To hove o betber urdorstending of
. FadSative and nongodiative 3??@&@@%, wmiseion polasisation amd
pized crystul sheotra are alen gtudisd in some cesess

sdeqgunte thedretdeal dnterpretation of the speckya? data
zonts on modern thsoriosn, Yo the f01iswing séstions of this
chapteory we will digeuss wmﬁy the LOAT » 10 nothody the
sompopite Rolocule metiody the theory of solvent effect ob the
alostronic spodtra ond the rediative and ponradistive processos.

in molecuiey orbitel { 30 ) @E&é@w, the moleculary orbituls
sve degseribod ib tovws of the ono clestron function I 45 gones
rally extaonded over the whole mplocule and to witich the electrons "



168
are allocubed g0 as to sebisty the faulify omcluslon principle,
Thore e twn priveipel approximato methods for obteining
moleculad orbitals ¢ the $res eloctron method " and the LOADD

In 1040 - MO approwimetion TOYs { Y., ) afo axprosced s

a linear eombinstion of atonie orbitals { X ; ) dees

\{Jm =:Z Cmi Xi : € 2813
A

where Uyy do the eaofficiont desoribing tho uroust of the £ th
atomic orbitel o be foupd i th dolesuler ondilel.

sdention do beged on ab cupectobion theb when

s elookyon gets cloge to ¢ pudleRs, the influsnoe of the
potentiel ficld due to thet mieleus becomes prelobfnsub ond o

Y

& consequence M5%s S0 -that repion resesble $o the AD's corress

| ponding to those atome,

These oolemtlar orbibals ave apsumed %o be an effestive
one elestren Moniltontan ( B } fus the oguilibefun paclear
configurction of the nolocule. 8o that oue will have

h \Pm — Em \,{Jm ;3&'&@;‘3 3

The orbitel snevgles ond the eceffistents Gy are obtained
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gaing the Variation method 47 the wmebrinm olajonts nys oF the
Hemiitondan and those 835 of overlap hetvecn the atomie orbi-
tols are koowte The secular equabions sre given by 3

7 Ci Chiy— ESy) =0 .
¢

for cach | 1, If thore are » gtomic orbituls 4n the ouprossion
far volocnlny orbitals, thers ﬁm N =eaniary mwmﬁam of this
"i:ygsé; ol they il have aon trivial gointions only vhien B ¥h
order sectilay dotaroimant ie gero l.e.

\h‘},a( - E Sl$] —e) ' | { 1.88 3

. Tho deterodnation of sppropriate nuaperical valnes of the
matriz clemonts By o and g4 8 yoselns us the only diffleult
probles, To avnlnste those, emct foim of b and algo the omet
Loy of a@t-@mé orbitaly are o be knowd, Lot ug white few

| simplifying symbole s '

Ky, = hia

Prg=hsj= hpn G F )

dere o, is the coulonh integral of the atomdie ordital X .
Thie intogral vopresants tho coulorb energy of an lectron ia
the atonis ordital X, @i' 13 the resomance inbompal

r
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betweon the atorde orbitals X and X} and 4t amounts to
the shopgy of Interaction of tho tuo atonlie orbitulan, Both X
and 3 cortospond to negobive ouorgys IF 4% s assunsd that
all the utondc orbitals ore normalised, tho seeuler eguations
{ 1,28 ) csn bo vouritton g

Z C&Q@;&"Esi(})ﬁ-CaC"h—E):O { 1,25 3
§¥i »
fﬁﬁ' @3&3 iw
It 4 koows bhot the ubgorpbtlon spedtra of avomatle

hydrocarbons 1b the near UV - Vislblo pogion are due to fran-
aitions of the T » dlactrons, The anproxirations to those
sgonlor cguatisns for these T - orbitals, called the Huckel
spprozimationg, avd the following o= '
1) ¢, apre tohen $6 be samo for ench abtomie ovbibtal and this

1z oupresaed by o .

2) 9,4 are asouned to bo soro for 1§ .

3) (5 g3 ore considered to be ronsers only bebuven aeighbouring
ateng, 6o (3» i # 0 4if stom % i bonded to § 1.0. ( L% )

4) all the regopance integsels for nelghbouring carbon atubs
" are sgouned o be onual end ope densted by /3 »



Yoty those epprovirutiong, emmtion { 1,85 ) hocomss .

Z Cjpt Glx-E)= £ 1,20 )

=2

for sach .

Sng equetion ( 1,80 ) by £ und uriting

(X=B¥p =W { 3,27 )
f@i&%ﬁ&é pinple forn 4o obbadned ¢
> <, jTwer =o ¢ 228 )
}/% 3
for soch ig
Tho ccculor doterminant now hus U dvoryshere on the

 ddagonnl, ond 3 in tho off-3legonci olohents of row 4 and

column § 4€ obems 4 and 3 ore noighbours, bub nere othemvise,

This we can easdly set up the soculer doberminant for any T =
clestronie ayshan m%ﬁrwéz&g prtdvoly of the carbon T scontrog.
The i th order soculsy deoterninastal équaticn cun Be svlved so
give 1 mmg;‘i@m for e Tho euergy of the ¢ Ih noléoular oPbital
g glven by »

B = v g (=)
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That ig, ¥ 1s st orbital enor
with refurence %o X o

ag exproseed An units of (= 3 )

gireco { « G ) is o positive quontlity, o negative or positive
value of ¢ méans 2 lowoy 0 highey enerpy of the « .

¢ the molceular orbitals avre porsalised, usy of Huckeld

approxisationa loads to

e o X% B Z Cyr Sy P
i—3

wheon applylng the glmple 1040 < IT pethod to a T - systen
containing o botereakon, tho difference of the coulonb integrals
for the atomie orbitals can be sllowed for by expressing the
comlond integrals o<, as { < +hiy OB ) vhere < amd O ave
shandard coulon® Intopral and Posonatice inbteprul respeotivaly,
&0 appropriste valug i ssaignd Yo the paranetdr hig.

in ﬁiﬁ@m LEA0 = 10 pothod disbinetion babuoon ﬁingmf& |
and tpiplet stabss ocun pot be nede, It L bocouse in this nethod
sloctronic remlsive inberactions hove boen iznoved, Uben &t
is congidered in "azimmeé 1 method™ ( A0 ) entisymmebrized
vonfiguretion funetions ave no lobger oipenfunchions of the
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Hamdltordan, True cigen functions are thon zode by the method
of eunhfigiration iﬁblamgwm% { Ast0 €1 ). 3B tho self
conslatont - £i0ld molecular orbital methed  &0F 40 )75, the
reguivod fotograls are ostimted by the use of assumed forms
»f the stonie orbitals ond no copivicsl paramptors are used,
Porisss and mm’msg? hove dsvelsped & mothod which incuwporates
ampirdcal olemetbs with the A200Y pethod and 1o appriieable to
we complox moleculos, In the favicer < @2‘3{5’%’,‘2‘" nethod zero. =
differannial - overisp upproxivation do used wnd sond reyuired
integeal values are deteruined by empirisal and soniompirissl
wethod, o et of simplifying spprozimations hove besn introduced
into the S0P 10 mothod by popls, Sote tines, the fmpiger«iure |

method and the Pople methed Bos gonbined Sogather commonly
kncwh as PPP method,

°

Hethed of Simple Composite Molesule? 5} 1n the one
plectron apbroxisption d8 ddscribed walch pay Bo uped £o inters
orat (o electrondc abworption spestra of systotis shete shrong
megonerdc groups ore substituled on tho ring. Let us congider
o compoeite conjorate syston B « O whera, say, fopy subatituied
beazenay tho ving fo talien ag B m:i sabstitnent as § ‘é.igske& o
sach othor by & formally single hond belwoen tho atons ¢ and

tge which Dolong to D and 8 rosp.
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in the LU0 epproxication, the T «5%z of the sompopite
pystert B « 8 cuft bo obtolnod ve linowy combiastions of TT - orble
tals of fwegments 8 und § and thelr encrgies con be cbtained by
solving tho propar seculer eguations based on the T = ovbitals

of the seperated frapments,

Sow ioh CP*&’:!C'&*}} g qDﬁ{;m & aid \-})k(ﬁﬂ%} & ake the
T mx‘?&a@z@s of Rg O ubd R ~ 5 Posps Wilah arg the solutions
of tho eguatiang ¢

BY Pawy = T] ol{a) P n)
b CP&TCS) = T\ aeay CP B(g) { .81 )
Ty

h«i&’w‘ﬁz \f-/ BeRE Y™ 6 héns) \_‘)KC RS )

o - fary . ’E;?‘ o
e srasFav

where Wt e Py o® = ¥
are the effechive ono clectron Hapidtonian mg;@i-aﬁ@m for By 8
and @ « & resp. Hovd, 7% gng ¢° ave the affective potentials
sobing on the oleotron 4o B and § zosp. ord T 48 tho inetic
snargy spevater for the slootron,

Yhe efféebive onw clectron fomiltonion for she composibe
systen tiny alse be ezprossol o0& »

/

0 =0® + b € 132 )



£¥{6)

whare fiﬁ? ia the Hanilbtondan for the system of the two seporated
Zrognenks 'a;ﬂ@' h o the perburbation aperator reprosenting,
interaction botwsen R and 8. Sineo; P e and D oate
are locslised in 0 ond § ropionn Sompsetively and 7 and Jﬁ' are
mporbant In the B and 2 mgmm oLy, the reguited vatris

ﬂ.'l:‘i:

glemcnbs of tho cperator b can beo aspproximotoly given by 3

ﬁ w |
B, w) © Bh @y u @ TOa lom

{ 353 )
B Y e TR 7 M Sw i e
i

hg?‘f} - i B

| = 5 = % b
w(ny, o) ﬁ(ﬁ}, B{sd - oads r a8l o
(5 re {385

whero 8 is the kronschor synbols b Y & o ‘EL» B3 o8 iy

& ;
the coefficients of the atondo orbitals X, and X 4 in P ()
obd @ geqy Tospectively aud (> . 4o the rosonancs integral
betwoan OC, sed Ol d0.

RS ' \
e (oenh xads = (e, W, dy (e )

\

0 the LCID spproximation, the foro and eberglos of the
moleculor orditels of § « § can be obtalndd by using porturbes-



£hon mmm, im%m& of solving tho geculoy mmﬁi@m. ‘:?m&:s;, i€
tho relaiion 3

Ih’mcm,nwl < < i Yl l { 3;-:3?‘#3-

meey  Incs
holds good for uny palr of P ey with ome of the b nesy 6
one of tho molesular orbitals of B » & and 4ts enorgy caf be
spproximitely exprogsed ag follous

| | h, R),NnCs)
= N +2 Ja ?5 RS
WK(RS) i[q)m&) 1) L lngay Mnesy” M6

= CPT“CR) ( , ))_ P
hmer) ,mes) = 1 ¢ 1.9 )
— -+ ) - o 4
EKCQS) qmm ﬂ(.s)@lmcg)‘*lncsﬂ MR

Thuss 1 3 o rogordod us & nossmerdo sibstibusnt, by the

tae of pertorbation theorys we can oxprass In ef anslybioal
form the changes 1n cnergles and forns of the mblecular orbitals
of & moleenle D produced by the introduction of the substituent S.

This %&%ﬁy of componlis molocule pradicts the abgmrgﬁion
ansensity of o ST vand as 8 punction of aigle of twigk ( @

o6F the bon? batwesn T and 5. Sueakio® has ehown that the

opeilictor styenpth ( £ ) of a ¢F band is proportioanl %o
Cos™ O, ¢ » If the molar oxtinstion cuefficient ot the absorps
tion moxitn esh Be taken to be proportiomsl te f, fts propertionas
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116y $o tho cosine squave of the angle of tulst, 1.6, tho

polatdon urdgioally ossumed by M&ﬁﬁﬁ?& 1o venchad,

sieplo composite molechlo nethod eseenclelly hos the same
1initatione in intorpreting olectronis sroctra as oimple LOADe
1 Bas, 16 edvatiood conposite molocnie nethod, the slectronic
inberactions hove boen treluded and the TT— elestronte states
6f o eonjogabel svstem are describel ss arviging frog nixleg of
elesteonie configurstions orxprassed In tevms of TT— ovbituls
incuted on its fraguants onder the poFrect totol TT- &iectranic
funtitonian for tho systen®i1o0,

A nitroorornbic molecels can Be covsiforel ns o ooposite
eysten with tus frapoents, The first frogment being the aromatie
#ing (R waile the other one 15 the fdirs gRoup {8), The fragnments
sro 1inked o ench othek 40 B -« & by & singls bond dDetweon ston
' on atom ) belonging o & ol atom & ( ritrogesn atos )

£ ¢ capb
bBelonging to 8, 5 nethod of simple corposite molecule in thae

one electron approximation eon bo ueed to mmm the glasbronle
abgorption spectyra of such o aysten, In this nethod, the TT-o's
of the compostte conjugated aystem { B = § ) ore regarded s
@&sﬂﬁg foon oixing of the TT- E8ve of tho o fropgnents under
$he influcnse of the effective one clectron Samiitonian for the
conposite systan, This method has boon devoloped madnly by Dewns



738

aid 45 knowns o Simplo Corposite Molooule wethod or 161D mothed,

(o]

In the ploner nitro grompy theve aro four 11- olectrons s
Lo fmm the nitrogen atom and ohe each from tho onyzen atons,
The 8 PIT-48 (X ) of nitrogen and 8 PTT— D8 of vgygen
atoms { W) ud W, ) coubine to give thres Tr-1D's
CP_. ,CP o and Cb_,_l of Tho Rites £20UDe.

Thers oxists o symsebry plone wiich is perpendiculsy %o
the adbro group plone. I blseols tho ungle betwesn the two
W o« 0 bonds. Thus, the two oxypen atoms 0y and Oy ore aquivalent
end the following group orbibels cun conwaniently ba forasd
from the ted ozygen & PTM— A0S

2 .
(X’OC_é) = (@) (‘X.Ol + Xo. | Le%lY

"‘/2
XOC“) = qLQ") C%OI - % 02.> 1,412

Yhe syrmotedenl peoup orbitals X oC8) interacke with
the nitrogen © P TT- a0 X y QrRd ’%;‘h.@ antisymoetrical group
orbital X (uy 003 Bot, Thorafors, the thres TT- ¥ote of
the nitye group in the sero-overlap approximation cul be

oEpressed as ¢



I
o

qD_‘ —-IJ‘I

%N - b—l—l,l %o(s) 1858

Xoca) o 4

$
I

5 1

P, = b-a-l,n *y T b Yocs) | 1,438
J» Tanmnks has svaluated the voluss of tho ooefficlents b -
and by te be egual tn G,7000 wnd 0,7133 respectively.
d_, , b, emd p, , ars tho antibonding, nonboniing asd

bonding T - orbitels respactively, The antibopding orbitel (P_, 2
remaing vocent while the other fwo lower orbitsls <, amd

. P are soeupied 4o the ground state,

5l

The highoest bondibg orbital is dusignsbed by + 1 and the
flover orbitals in order of dacressging a‘a@gi@s ore designated
By + 8 + 3y.-- and 60 o5 4o & mesomerdc system, Sivilarly
= 1 represonts the lowest antibonding orbital and higher crbitels
in order of #xm"@gaﬁﬁg snergios are desigroted ag » By & By -

anl =0 90,

Sy Bogaliaga aud Hogalwra ob @33 colenlnted the onorgles

ond wave functions of T — oleetronic statos of nitrobensens,
They hevs token irko gocount oight singleb oloctron conPigiras
tiono @ the ground coufimration { ¥, o G )y five loeally



axoibed ("3:. B ) opd twds ©F conflpuradions for nitzobenseng, OF
the five LD confipurationsy four ape the configuwintions eurroge
ponding to the ol 4 b 3 B apd P - gtabes of bonsene and
one s the configurction erising from the (- T & = & transtis
tion within the nitvogroup to, from A, to d_v , The
snergfos of these L2 esnfigusations . By, B, o ond

5 1y, WOFS datormined ao 4:80 6,17, 6,08y 6.98 and 6,86 ov
rospoetively fron the checrvad posibions of tha éeorrsgponding
abgoerpiion beide of behzens and nitromothate. The OF conlifures
tiona arising from the ono clectzon trensition from Dy gt
D .y 008 the shotner one avlsing fron D, to Py« The
enorgles of thess OF eonfiguretions vers aralucbed op €.08 and
5,08 ov Toppeetively by the usé of the ogustion

g; { fﬁl’ ) = XE Y f‘?js‘:& - g {1{‘&31}

wiete I, and 4 g, are the ionigation potontisl of boncens
{ 926 v ) and tho sleckisn aifinity of nitrs group ( 0.4 av )

respectively and € io the coulonb isbesactlion betueen the
togative shovge dlabributsd it dhe nitessyoup cbid the positive
shavge Mgtﬁwﬁmn in m bencene ving in tho ©F configurntion,
The offedinponal mbrix olomgnte of the fotal T- oloctronic
Hamiltontan () nosessury for tha esunloulation of configuration

interaction sun by évaluated im forns of @ - the cove
{284
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pogotones integral botwoen the aljocont cadbon ard nitropen

2 PT- s8%s, The roncars interacbion mpbels olonots ase

1By €> <G |8 | > <;m°<(zrx | © >,

<¥WP ( #) 62, am <’E;55 |8 | 625+ Tho other off diagonal
alencity 8re Oero, '

It has boet chowh that in nitrobensueng, the gyourd state
hng 93,:& g ond G ﬁ"; f’? o vary 1&?)&1@ of L5 > and LS G w»

The first oxcited stobe has 48.80 of both 18 L &":';3 CTge Th
pacond exedtod state contuing 70,3 ¢ of ”"E

, The clectronie gpectval changog in the prosence of solvent
molscules arise dae to the introduction of o lSeal £i61d apound
the solute molesuley which ds difforest then that in a free
space and alse due %o gitepation in the chaspe density of the
molecile, In poneval, chutges in both the iotensity and tha
energy of o band ave abmwmw’”? In addition some times, woeak
oy forbidden trapgitions oy &lao galn intensity. Following ave
the prodominant offosts s

ffogts ¢ These ave the dipeler offccts bebwooen

the mfmm aid thoe polvonk woleculess

tey Shose are due to Vondor Yoals foredsg



3) Short range coocifie offeckas These are developed duo to a
Tield 1ntm@u¢eﬁ by itma wealt bond formation like hydrogen

bond between tho solute and golvent molectlesy

soncentration offocts If the congontration of theo solute |
molecules in golvent 1o ot veyy ammll, then tho soluto =
solute interaction may not be avolded, Those moy couse
dimga? formation batween the. tuo monomer soluto mpieculess
ang

very fuportant in the emlsslon studies.

. A1l these offests are to bo considered vhile calculating
the spectial snorpy ¢hift or sgmetml inbonsity chatge.

Upon absorption the slectro-maghobie ma‘iiatioha, the
pormanznt dipole of the moleculs in the ground clate Mz )
changos to the dipole moment An tha émiﬁmﬁ stota ( Mg Yo In
presence of aolvont mfni.emu"ms; suing to the solute solvent
interaction; pround and excibed statos stabllise aiifﬁ‘e«rmﬁ;w.
The change ib the stabilisetion energy O W is glven by ¢

a' y
<AW>:+\A\> S 1,511)
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where AV g tho change 40 tho absorption moxims
std h 4o tho Plapekly constont,

feequaney

Thasy we 580 that the otudy of the golvent shlfd may revesi

In general N-T ghates show blue shift wille - T ond ©F
states show red Pt kg 3

Yelng guantus mocheidal pertusbntion thoorlon, foth il
Hos colonlnted flrvek tirme She otabiiisatisn enerey of ob
glantronio stote due €0 solnte solvont Antercction 4n 1084, The

gome pethod was tosd later by Tongueb ~ Bipglns o6t FopLet®

g by Hesag o,

Herey wo vill discnse the guanton mochanieal theory an the
solvent offoct on oloctrenie gpootru, The proposed theory ig the
stationery theory where the tronglational motion of the molecules
iz peglochbed complétely, Tho theody will Boid only for sldv

porturbutions, The tine depoidence of Hardltonish for the abssps

bing systen bas algo bpon considered Bub the conplicutions and
d40fdenltlos sesooiatod with guch o theory in evalunting the
iotepaction ig obvioues

Lot us congider o dilunte gdolutlon o ap to avold solute «

‘poiute interuction, The problen iz vow to find the spproprinte
gtotionary anergy otutas of o systen consigblop of & singlie
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golnte sorroundsd by o sub of solvont molosulos in & pilven
waﬁi@%&@m and then aversge over all possible confipurations,
Lot Pps € e Y, B, ore the ofgorfunctions und elgor-
valtes of solute od golvent moleculs pospoctiveliy, Then & seb
of bagle fanctiors Vo = P, Y, con bo used for the
interscting pale, Tho next step iz to introduce the poerturbation
Homiltonlan B, onl the inberaction aunavgy 4o socond order 4n H,
uging perturbation thoory which noy be writton ag i
o
' N ' <z ) H' LB, Yoo
Wm*n :<¢m\hnl H,lcpmﬁu“>+ Z [::’n — ,-m
- M'#ED =n " B» E ..>,,.L
, . . R ‘<CP\-14‘ Hl q);\})“.,- A
— . > | fm e 7 Lo
4_2 'W”L) + Z D £ - £, TE0

IF yo assupe thet B reproserts the gluctrestatic intaraction
hetysen the sslute ond €he golvest molocules, theh the partore
bation operator may be yritten ai ¢

e Mo o
H = 2 -2 ®, ¢ 2,513 )
3 ~e S

T

where M, apd ]LL L. represent the 4ipole tonott of the solute
end 4 th golvent mslecule wespeetivelyy %, and @, arve the
digtanes and the tubtusl oriontation debuoen the solute asd the
4 th polvent molemnls. The above sinmple dipoler reproscotation
of the melecular fnteraction iz b opsrative in cages whwre the
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specifie short vomge fovess iike hydropen bonding, charge
tranafer ebe, org prosent,
Tsiog equations ( 1,038 )y cugnotlon ¢ 1,512 ) bosomes

-—-<<CP IMOICP >> Z<Wﬁ(im’k7l)m> @
z<:t|/u»_%l§ﬁ'i—'ﬁ>

d’
{ 1.8% )

The first term wrising from the fivet ovder pevturbotios . '.
theory, It reprasonts tho ﬁ-z:eﬁ@afﬁziaﬁ batueeh tuwo porranant
Ripolese The second tépm sorvesponds o the pormababt dipole of
‘the solube with dipole indueed du solvent, The third Lern
represonts the inBeraction of theo porramant 43poie of solvent
with the dipole dnduced in the solnba. The last term reprements
the second crder frtosoction with ptates in ubhich both the
nolecnles ore oxottedy correosponds to the dispersive intéractions,

In order to mako shove oxpression available for amy practi-
eal ugdy we will buvs %o ssstme & spocific model for solvent
soluto systen, Direct svaluation of tho integrations 4s ot
possibvle dae to our lack of rouledge of rolooulur olgen
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functiongs

Tho relutively ﬁsiﬁme onEGRer .ma@fﬁ‘ bhaving byoud physiead
reaning for liquid dicleckric ds fost ouftableo to pinmpilify
exproscion { 1,534 § in terme of yofachive fndex { N ) and
the dleleotric constant { D ) of the solvent and the polariss=
bility of tho seinte molecule. In Onmper model, the solute
molecule is considored as a point dipole ot the conirs of &

homogenesas cohorleal salvent dleloctrie cavitye

In Dneagenty thoeovry, the dipolencment of a gslutoc in
golution |, 4s related to the dipole moment of the lsslsted
golute molecule U, » ite statle poloripability «, od o
guitable resction field By ( this field erises fron the ordens
totion dnduction polarisubion of the dielactric by the golute
dipols }, as

Hi' = Hp t SR L8

where the reaction fiald dus %o dnduction([fy { 4nd 3],
g (dm ) =M/ [V /pty2)] o renction iﬁga_z%

, . . - — (=1 .
dus to orfentution[ny (oz)]e ®y (ony =M m/aa[@ Yeos2) Y2
Herey *al s the onpsager's covity rodious,

_ Ih order 4o opply this thedvy, lot us iraglie o sslute
moloculo saproundef by ¥ solvent molotules. Fixing the solate
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molecule, let U molocular distritation function be
flas e, H) = £, + 8 ¢ 2,815 )

vhere £, da the hypotheticol dlstribution function wen the
dipolemoment of fhe golute molocuie s sseuted %o be asre and
£y roprogents tho oriontation of the solvent molecules by %:h@
dipole of the solubte molecule in golubiod, The oriontation
volaxatlon tiue of solvent swlecules ghould be tuch lorger thun
the time tequived for light sbacorption { 3&3‘3’6 sooond ) by the.
soiute, Using the stoblptlical conempty, sveragins of %Em
various intersctisn Serms 4n ( L.5M ) over the molocalar
Msﬁmmmm funstion gan he pebformed {6 geb the onergy chohge
of the mmm oloenle dn the glote m due te zolvent golute
interaction as (M H+ The froeency shifi of the absorption
maxdmit 1s the difference between () for the ground { ¢ )
aiyd -am:ﬁ:a& { &) stobes of the gsolute molectle, the solvent
poieoules being in the g = stobe, The gonoval ewpression for
the solvehd ghift of o solute molsonls in Nobpolar solvent ds
given by 8
LAY = <w9_ >~ KWeg> o v n’:—_))
=% (1“ +17) i“*?r(“ He) D32 e + (G,

(Hc& 'nHe ) + lc'n °<e)7]
(;-517)
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A

wiore Fep 5 the trancition mnont of goluto for the slectronds
trangition botwaeh the states gt and Yoty Tho fivst Lorm
voprosents tho m&&yiﬁﬁ%%ﬁ elfocty whilo the second torm 4s
the tern vepregentiog the disporsive effeets vhich existe iin
all tho systems irvespective of tho poler chnvacher of the
golute and the golvent,

in dase of mlar goivents, oae ex¥ra intevsetion Lops
will also be arising, Thiy comos from the oriorbabion - induchion
affoct of solvent dipolo on the solube malesile. The shifi due

he mia iz‘vt@ma%m tarm it ggivm o

2
_ - 3 (2D +1Y (D- n) kT (-
’hAQ (OR-IN) —QDH) QlD—t—’ﬂ ) 3 s (R g)

'+a3 (322D Hee M?fo(?f,)

DA
£ 3.838 )
From { 3,637 ) and { 1.8I18 ), 3t ose bo noted thet this fs omly
the bunpetature dependent Sarm 46 tho oolvant shife euplossias,
Therelord, the inforpations about this irderaction can Bo
obbained by the teopurature eoffect atudiocs on the alootronde

spegtral shifis

The ogefllator gtrength ( £ ) 4o roloted to the tronsition



184

mometit ¢ fﬁfﬁ } eorvesponding Yo the absorption band of tha
molactls ond do glvon by s

3‘°<{|M»&) ROEIRaE } ¢ 1,401 )

: Etz a obwicus tzmt Hﬁ; 4 ia mms%ﬁ,w to the oxaet form of the

‘w‘@ilt@ﬁ tie anﬁ ¢ i* vhich spe subject to %ﬂifﬁmﬁi&m dae to
goiute « goivent intofactiong,

aocosding o clagsicsl disporsion theory £ is given by

-5
§= 4315 %10 Jen dy ¢ 34802 3

giere C { V) is the sitinetion coefficient at wave-psrbar V) .
- The inSegration is over the bend considered,

The éfi‘%’é: af golvent on the unpayiurbed ossillabor strangth
f& af golute 4 oy “:;waeﬁim@muy beoh nogountel for by ths
' Chalktots fastod %(ﬂ 2y / 9n} in the exprossion s

. %@h 2)/on] = k¢ = fs ¢ 1420 )

whers £, is the ageillator sbrengthz 4n o very dildte salution,

Tho solvont povrection fucher 4o tho brackeots Of (1.453)
arises fron the use of the Lorents locel ficld for the dleetric



- 185

fiold geting on the selube rolecule in solutlon ond wag first
futroduceld by Chako in 3@?1}%%3 oy imwmf s €34 ok take foto
seeount tho polarisability changos due to the prosence of
solvent molocales, The nadedtasy of bis sorractien is Susther
agochbunted by the fhob that the lovents £isld doss oot tule
ageount of the ﬁi‘%’éﬁﬂi shional ﬁiﬁi&tﬂﬁﬁi@hfﬁ in the fiuvid, habo's
factor is aluoys greater than mi@y and fn seme for a1l the
goluten in o glven golvinits Contrary o %M@; vagisay %%m?%’% E
nnve poluted ot that the euxperdpental solyent sorréection waa

ih casos losz than or egumal %o one and thur the fuobor hag

showi its depatidence on tho propertiss of Woth solute and aslvent,

G500

e éamwtim”%. fnvastipatinne of tho problon hove gohes

rally focused of elther tho chabges ;ivz polarieahiiity, oftsn

thout clearly dletingulsiing Debueen thaw, Ascantly the
proviem bop beon thovouphly Invesbipated by 2. Abdulowr amd
By mmmﬁ”“ €5 show that tho cholots faotoy is of missy vore
| gancs ae conpared o an odditlonsl futérmnioculne forse [TR)

_ fastor,

Lot Gy conpifer n syshon of I nom overlaping veonpolar
azﬂmﬁm‘! rwicsalos with centren loduted &b %{1 ¥ 3‘«:':3 - E%ﬁ'——:- Ry
where B i@ the vestor in thres dinensions) vectoy space. In
presence of fleld B {8) = 0.€ &"’bg the Bamiltondan of the syatem

oo @@,ﬁrﬁ&&tm 0S¥
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| X in &g ; S
# = ‘ﬁ@ « B * K % §§ | { 1,458 3
where He ¢ Hemiltonian for the olostrosic mobion of
fros molesyios
s t  Interaghion bobuoen tho molswilos
£ 4 Rinetic onergy opevator taling cove of the
trangistional fluctuations

3 Intorocotions of the syoiem with the radintion
Fheand

The probiom is tréated by double pertusbation %&mw §
$4ne « dopandant in tho i’iﬁeﬁ“%iﬁﬁ with the 2884 opd timg
{edopendent in tho intertoleculer intesasticn, The Ramilfobian
way alsy be written &% &

] - T e T s o me
B om0 e MuB, emp (30t « e ) { 1,488 )

vhers 25 = By ¢ AP ke My m, =) €n%n , waers B
b
nasbers tho chuPges in the mwlesule and ¥y, is the radisus vestor
of the n th chiorge with respsct to on arbiteary o¥iplsn, The
fastor e ¢ ingires the oddobatie switehing-on of the fisld,
53

Tha average induced woments linear in B, e given by
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My = - —%— 5004'1 'IZL[FJ {GXP(—i‘ij)}(—m.Eo)
oxp (1T ) S exp(— LI CFIE)
fep () ] €
¢¢{§{u>+3> (t—j)}

stiore € 4p tho stotisticol opevstor of the syston of inboruce
bing molacules in the shsoneo of the applied field l.e.

¢ = exp (-pH°) /T exp(~pH )]
and F, = I/KT

At orddniavy Seppovatuzes, only the ground electronic stuba
48 popuiated in wost of the melecules while the partitioning of
the noleculos anone the frsnslational enarpgy levels io clussionl
S.@, within on chorgy isterval R T, tho enotgy lovels spe
dengely spaned, Ibvwy In addition, using the faet thet tho
sloctyonie motion ig ropdd than the mclear meotlon, one cat
obtoln an expregsion for (¥ > vhich would be independent of
kinetic paramebers ond will bs in terms of trunsition mobent
betwesn the gtoles considerdd.
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Yeing tz‘tw ﬁaﬁisﬁimt{ wﬂcﬁgﬁg and by dex ‘@lﬁgﬁ?@g tha
wiriel expension for the ewbinction m@f"i@iﬁ%, integeatod
over an allousd bandy, ti:w mmwim sxpresglon iz obtoined 3

[Q’Hl)]& [H S%(R )OL (Q”)dRz&] ¢ 1,457 )
= K §
whevre €‘N Y/N 3 48 tho .vm%mr of selvent molecules *3Y per G.9,
of the solution; g(‘{zg £ aq 13 3 4s theo ordinory tuo body distpi-
bation functiom £y 48 the saedllotor strength of the issluted
%nge?izm%ﬁé golato boleonle 2 4 fi é-{ Ri i } 1z an opeilistoyr
strongtix function of particsls 11 and '§ and is puvanetriecally
dapendent wpon ﬁlﬁ + The lubeg mtfma of 13 exbends strictly
sver the volumo of the solution sanplo. However, since tho
m:»iém £, y dyops ofT very quickly with inbersmeleay ddastoncs
{ ﬁiﬂ dependence ) the integration can be axtanded to infiniby

without introfucing mch evvor,

Compuriafon of { 1.433 ) and { 1,437 ) shows that the
forner cab bo roinced to the latier 4 one nugleects the integration,
Ihis is only posaiblae in the cons of an abaorber in & very
rarified gas ween (Ni/,) j—s* o .

The pain diffioulties srise invelving tho configuratioml

inbogration of the 1HE of { 1.497 ) in tryitsg o mmerical ostis
msbes for the szﬁ:ve;m eoprgebion from that eguation., The first
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stema from 2 lack of koowledpe of ceourato wave-Sunintings of
tho lsslated molosules noeded to optimate tho varions mabrix
clements dn the ozpreseion for £33+ Th6 posond Jiffieulty 49

bo cotinnte tho swmabion over oll the diawam ghoatos and the
dmplied fntepration over tho continaun stoteos 4n each of the
various terns of § £i40

The ground sﬁuﬁza of mupt of the stoblé orgnnle moleculas

o pinglet ond the lovest oxcited state is o teislet™'s
Althoaeh ne can ohigerve the spoctra dus to mmm <> ginglat
transitions, the very sevors miltiplieity vestricbion on the
trangitish Lo appovent whon the ohservalionz show. that the
radistive 1ife ting ef the t-statos of the ovganie moleculos are .
in the range of 1072 « 1 govands vaile those of the lovess
singlets ore of the ordes of 0™ = 16°¢ seeonts, Tho gt
svission tronsition betwosh the stotos with the some spin .
maltipidedty 48 ealled Zluorspechos vaile thot botween the sbates
with difceront ml%imieimam 4% oalled phogniiores j
transition, In 20dition Yo iight mﬁ.mamn@ thaery ave aa.mm
yarfous redictionioss teansitions in polyatonic melecules, A
nonradictive trangitics botueen tho stobes with smiw rudtipli-
""f,'ﬁw hile thet bDotusen the

eities s hhuoun oy *

at{ IS0 Y. Thoe ohoorved Gueny tine of an @Rﬁiﬁﬁﬂ ptota
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a.@m’s&éx upen the roadlative and nonradistive trapgition probn-

bilities € Ky am Knw Yeapoctdvely ) end iz given by
- | e s
T = k.t Kn. | (1829

if%m iwtf;;met sn of pn enla mﬁm syvaten wit‘:%’z 'azmatiae&
radiotionfield causes onission and sbsorgtion of Qﬁ}t‘?’di}iww et
1 ;&g the Hopditondon of the tobtal syvsten given by 3
B o= Har ¢ Hpgg < Hgm T (1831
o S e

wheres H,, and i, are the Hw n*'ob&iam eorcagnoniing to the
glectronie gygben pnd the radiction feld,

Thoe olgen funstlons P/, of 1, sve the unperturbed
statlonary sbobos glvon by s
el -, bh |
kPM — k].)M CxY - an"nl)......ﬂ) ' ¢ 1.512)

WIOTS \PM (T 3 &s m@ N 3 gim%e of the slectionie sysben
wa.%%a elgen m‘;&w ‘Lm “y nnd CP“ =R R P Teans
thot there aze ) photone of m&rgy ':‘;3_gk s N, photons of
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o PR

BUG 5001,

The perturbotion cuused by Bin, csuses the trensition to
the sbate : _

el bh

R G ¢ 1.608 )
¢ $he transibion probability ds proportlonnl @@ wﬁ ﬂfﬁﬁﬁ;ﬁé
of the mtrix elenent (\Py | i | Py y ¢ Dot 4 >%
thedh apsuning wadiotion £iold to be ik vecus ﬁm mszmm f;;@
metter, the ong ghoton onlgadon probebility O - for dgoloted
wolecules, vhere the intoractien between tho moloeulos is
negloctofl, can be glven by »
4 3
| 84 T Vv
w = —3
MN 3hcC

2
+

8TF
3 h

nm

‘ { 3.816 )
dhere € (9 ) 2 e encrgy denelty of azitted plotons. the
fieot and soeond torne 4n squetion { 1.0M ) sre the spontatecuy
aod the Induced eolesion probabilitles waspestively.

| o anlid adlvents

ord there ere ne speoific intorectichs betueen the molecules

ard the modfun, theén followiny formmis cun bo dorived 3
64T ™Y

2
Wy = m)Mnm‘+3hn)M"m] $ (V) { 1.518 )

uhen rolsculds are dobedded 6 & findd
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where o fo the pefroctive frfeor of tho moddiom,

Soeillator ctrengib i on dnportont quantity congersing
the practisel agpocts of tPansition probubllity, Tuo coelllistoy
shrength s woloted to the gpontensous emfacion probubiiity as 2

8T mMY >
£ = '

nm 3 he? nm ) ' ¢ 2,66 )

The clestvonie speebra with wlbmibionel a’ﬁm&t@w gon bY
| well urdepstosd oh Sho bdopls of Born - Onperheined cpprozina-

tion™® and the Frapchk - condon prisciple. secordius to

Bovh = Bpyenheinee epprosidetion, soleeular wove Runeticns can

be %zﬁ%@a iﬁ#z fgres of the produet of Slestropic and ouelony
perby L

— ~ . |
\Pﬂ — L—anv” = \yn Cpﬂv"’ .
Usleg equotions { 3.537 Jy the exprossion for oseiliastor

strengbh can by obtatned ag 3 3

Sam = Fnosm = e Y | Qun(Re)| -
2

no, m 3h
Zi Sno)mv’l { L8613 )
‘\7- .

uhere € Qpy'my pepregonts the relative contribution of the
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8 gles m V't transition o M, vhich 3o o su of many
?é.%)ﬂ@ﬁﬁ@ comtpibutions of this typo and S v, mu =
§ep (R dhy g (RD am 10 the vibratdonal overlap
iﬁ:@g&&h

nation { 3,818 ) clearly indicetos thet tho Fronch
¢ondon principley vhich siatos thod during the eloctronie
bransition the muclsar sonflguration of a wolesuie rerudng
approzivetbely et the efqullibeiun configurstion %& of the
initial stobe, plays an fopovtant role,

ﬁ&s&a&m the trsnsibions bobueen tho states with QAfferant
multiplieiting are forbidden, Lot tzm electronic vave fun ation
may be written as a product of gpace \Y (Womd spin @, (5)
parts Li.

\Pm = ¥ (=) . ®,0)

{ 1.51311 )

The @mm%ﬁw mx&@nﬁ Vi, 4 thusy

=< ¢, )@ (S)lM\kjg Lfc)@ CS)>
_—-<L’3 Q"‘)l“"l‘?(’l» <@ (s)]@ QSD>

{ 3.8112 )
®n €830 1 @) ore orthogonal, i the two staboy hove



194

different multiniieitdien and 2han Mun DocODes nero, Thus the
srangition will be wultipiiecity forbidden. The transition,
heyover, is 'z«:ami‘ﬁw allowod oo the Opla ~ 0vbit € § « O ) |
eoupiing incressos. The § - O interaction can bo ouaanced not
only by tho héwy abom 4n tho molecule { Anternal hoovy atonm
affect 3} Wt alse by tho Anternstion with dther rolocules
contoining heavy otong ( oxternal heavy sbom effent }55

The intdraction betwoen tho electronis and nuclear mobiona
catisen the rodictioniess Crunedtlons, as mentloved caridoy
the molecular olvetronie stotes ( @ ) in the Born-Oppevhoeimer

approxivation s¥e gliven by

P = CIDmv' Cﬁi)z‘é) R b (R, %) - qmv' CRy) ¢ 1.521 )
. whers kPmGi -1,3,') i the shtatlonary states of tho olsctronic
PR

aysten in pressncs of fixed muislel, Sustion ( 1.821 ) reo
sonke the wave fauction of the unporturbed Humiltonisn %°,

The trangition scours bebween the stobes c[>i and P ; tue to tha
tirotic onergy oparator of the ndelser mobion 4’ & Ty uith the
transition probubllivy per wyndt timo a8 3

= TGN D[ 505 o
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vhere By and De ore the enovples of indtial and fimol states cp
and (P, respootivoly, O ( Bp = Fy ) is the delta function
ublch ropresents tho conpervation of energy in the traneltion,
The trapgition probablility con de obiained by zn%@wmtmg over
the final gtoato 3.0

2
w:%_jjl<@5|H'|@i>\ SCED (e

wagre S { Dg ) 4o thv levol density of the fimal state,
Dauation { 1.028 ) 4s volid only when i ﬁ., t4me independont

and the finnl stele is contlmious, This Andest is the situation.

in salaizzans and golids vhere Intormolecular intovachisns wake

the Leval donsity lovger

The futrix elanents of &uutions ( 1,522 ) acd { 1.523 )
‘may bo writton o
<® ‘H lCP > -h Z<\1P‘nlaR ‘ ><®ﬂvl'[aﬁz\@mv>

{ 1522 )

The integeal 4n ( lsg% ¥ mer be written using porturbation

‘En("\ )K'o!l) l\P CR; )>

<LPnlaR ] m) = (Ee B Ej 3 4 3.828 )
™m

Here, 3he supsracript anl subscpipt *o' reprosents tho gusabities

theory oa
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in eundiibnios miclear configuration,

The firgt term in { 1.524 ) oorreosponds to the elactronic
transition monont inbegral of radiative transition ond socond
one is the vibrotional overlapy the oquaro of whieh is the
Peonslk Cobdon footor, This sceond tern plays an ioportant roleé
in tho rodiation-logs fpwws’sg The valuse of this focter dopends
upon ¢ &,° = 5,° 7. The tronsibion peotabilitiss of the
foppadiative procassss Savwlpy Opws 9y etos mey be much larger
~ thon tiat of the Sy3w>6 process.The sccond tora 4o { 1,662 )
will effect the transition probubilities in o siniler way
bocsuse this factor moy ba larger for the mmm gnergy gop in
gonoral, '

when the ooleculos are dissolved dn solvents, the lntérscs
tion of the splute moloculo with the solvent molecilos goherally
gnhances the rudintionless tronsitien probobility, For 1 th
normel tode 3 A .

T, mn) = <oy, | ¥my
whore ?n( *f'i"i I are thp oleckrondle stobos covregponding to the
Handltonian : | B o= H, » ﬂgﬁﬁ

whoso U, Poprosents the B, U, ond Pu %. fov olectrons,il,. is

the spin-orbit interoction opovator and both g, and Hon @m@%aina
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 nuclear coordinates és paraﬁeﬁers gna so can be»expanded‘in
~ the Taylor series. The wave function is given by ’bH- .
e D Hy °EL@“
\E (R,)"“ “P +z [<\P1|Hso+2-( )R+Z( e ">
. . 4-4:“ (E“—-E \2 é .
b v oy
.3 {@ A 9T GR)R) B 2
et CEn- ES) (Ea— Ex ) .
<\P1!2(f7.’;> AL >ﬂ
CE - El) (E ."_L) 1

S (528
Using () 526 ‘Cigmfn) is given by.: o |

SAlG ALY,

Ti CW\T\) = .

CE "En
LB RS ><\£ !(@RJ | & >

4.“—%“\[ | CE--E )CE,,,—E )
@Hv) ]\f{ <Y \Hso\ >]

(E~E D(Em- By

Q 527)
Here the 1st term :Ls the direcfb compling between the initlal |
| and the f:lnal state 'by' the spin vibronic interaction‘ In the - -
 2nd term,the inttisl state couples with the internedlate state ¥, °
« ‘through the. vﬁbronic interact:lon and the intermediate state '
interacts with. the final state by the 8 - 0 coupling. In the S
3rd term ,tbe initial state interacts with the intermediate state

through the s - 0 coupling and the in’cermediate state couples

wit:h the final state through the vibronic interact:!.on.
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SLTOTROUIC OPICTAA OF G-RTTROAIIARACENR @ SOLVENT
EFFIER OU YA—>'Ty D A —>'l, TRABSIPIOND,

in arornatic hypdrotarbolg, four & « 5 bands are wonolly

ahserved. In benzene,; the lowest singlet state is 31% with the
.

aext higher ag "&M

16 o %;‘_Lugﬁ}fx} ansed hydvroec m}mnw ag one woves foom Eﬁ@i‘iﬁ&ﬁtﬁ

to higher polyasonesy both ‘T, ord b, enevgy levels of betmans
Bove to lower snoggy., Tle lovering in ensigy of 335,& is steoper
Ehas the 3’:332}& Tha sorrelation dlagyan of M@va% and }’Mﬁtw
gor the specta of polyacuty gerigy Wﬁﬂiﬁ‘&ﬁs that 1% el
ghould be hidden under the gironger 37 transition 4n anthpasone,
Baffiut ?vg ?axmm*"’g and Hom ot gfg isis@ support this prodies
tion fron thoovotionl view polats I on offort to zm’svm@ divect
axperinsntal ovidencs, Gﬁwﬁ@ and Sidsan g1 failed to obgerve ]‘ﬁb
band in anthracene molecule. Boyeveory tho situation is quite
difreront in substituted snthraconos, Stroty mosomérde subsbis
ftuents Lile nitro grouy in anthrocens ml@é&m aze oxpected o
show strofig offect on the T - elestronie stabes of anthracond
owlng to %&wﬂaﬁ subptitutiongl perturbatisna, ve have chosed
@mﬂi‘t?@ﬁﬂkﬁ?@ﬁ@ﬁﬁ {4 moleonle to goe 47 3% band appears ob
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nitee group sabatitutlon, Inteonoleculer ©F band %o ozpeocted
£ bo the Joveot and ghiould bo of very low ntensity ng this

molectle 4z fourd to have nohplanar structura, The interplonar
aﬁglé% botween the altro group plene and the anthraceno ring

planc ie as lapge as 887, The situstion in Ha le quito diffevent
than that of anthrecene ond 1€ is quito possible that the 3%
bapd of anthroewne my chift to an accossidle spoetval rogion

ib this molocule,

in thiy chapber, wo prosent the resalts of cur studiew on
the slestronie absovpblsn o8 amdssion gpocten of Ha and show
that indesd n this molscule the lowest energy atute 1s bavieg
the predoninoptly T - churocter ond is differont from -3%, The
affects of vurious p@l:m and son-polar solventy hove alss bosh

Investivatode

The compound, ¢ gift fron Prof, fa 2, Dockery vas furthew
parified by Pepested rocrystalliszetion using purdfled benzens,
Heoile shaped yallou ofyetalg having nolding polnt at 146°%¢
wene obtained, The spoctvoprade solvonts { DI aid © - morck )
POre Uned,.

The i&ﬁw;‘};ﬁ;km spectrn 4n voricus solvents were reasrded

ab oy sn o Porkdn Mirer 209 vecording speetroshotoneter snd
sl of Spottiomn 902 spectrophotometer of Hungorian Optical
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vorks, Aninco Bowhah gpectrofiuseimster wos used %o nousore
the erisgion gpovtoun,

Tha &bmmtimz spaekra of Ua in varings DoRpolar and

mmw solvents with tho ssne concentrotion ob poos tonpomtube
{ 208 %) are roproduced 1o Fige. 8.2 and 0.0 msﬁmmvmy,
The Pesulia of the analyeis of the bunds are swospised In
Tables 2.3 2,2 and 243 In 211 tho solvento, o well defined
intonse band cycten ab about G300 o™ 4o obgerved with

vibrationsl strusburs, In non-poler golvents, however, fou rore
weak bends pppear tovards the lowdr storgy alde of this band
systésn, In polor solvents, those weal bande luge thelr ebructurs
and o genoral bBrood weak sboorption band is ohoosved in thiag
gposteal reglon,

A glogo emaminstion of the absorptics spectoa of HaA i
various solvents mma,m that the strong bhund aysben of
about 26100 e ol mswnw@ tho lovest onesgy sheorption Dand
of anthracens oo chown in Fige 8.3 The besds on the loves
ohorgy oide ore obfucturally different fron the bonds ib the
intense gysten and possibly bolong to Jifforent clectronds
mms:iizim,. This dediction hos beon further substantioted by
the vibpatdional astalysis of tho spoetyh in various wi&rm‘ﬁs.

It hos boan poinbed ot by Copposhell end %mﬁ‘&i@ that
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in bensshe and -m;a&ﬁiﬁazma a!;me* 'ty the vidbrational spacing
involving tronsitions o o w otafie is of tho ordee af

3400 en™F and in teangition m a Ezab gtnto it dg of tho onder of
2000 en™, The 400 en™) videation 2s assoctated with tho € «
fneplzne beanding gﬁms %&m IS 3“ vivratlon fo the brosthiog

yibration of the ging,

The gpoctrual enalysie of Ua shows that the .s@;m*msmia
betuwenn the bands 4o the intonse aystom s sbout 3400 oo™ whdeh
pogeibly fx © = B insplano bonding vibrablon vhieh forns o
progressisn in ‘éémz abgopptisn spoetin of antbhracons sslution ok
poor tevporature, Bud Che sopoerution Lotwoeh the babds 'hY ohd
rat is sbout 000G ﬁm"& &é shoun in Flo. 8.8, This ohsarvation
suggests that *bY and Yot bolong to two different eivctronis $rais
sitiong, The sepavobticn bolwacn tho bands fot and !'é’:\* of thé
lovor enorgy %aam systen is vuch Joss than 2400 o > and is
about 3050 om i, 1% gesg thall Wsssiblg the breathing vihration
of the ving forms the pragrossisn in the weal lou ohorpgy bHand

'1& ___)3% sangition.

syoton, o agolon thils band sygten to

The euieslon spectyum of A in cyelchovefio is reproduesd
in PAge B.3s & g;e?mi wemaz;;:ﬁng botwesn the obsexved exiscion
ang zmm. oy cnepgy abgorption gpdotrun o wmmaﬁ, Contbeary
to 4 previsus amﬁmsms, thtig, Denftroanthraceonc aaduaelly is
& weally fluorescont foleocule, This obsorvation 4s intoresting
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ia fiow of tho faet thot the luninescence of nitrosvonabics i
ot 76t elearly andorstond. The lowest sxelted ginglet and
triplet states of nitvoaromatic compounds are gsusliy nearly
degonsrato and b«%h - ™ and 5 &« T gtates ore prosent in cueh
noleonlo. 4 good overinpping betwoeh the Ilswest encegy wesk
abgorption and tho ondssion chows thod both initistes fron tho
pamo stateos vhich hog a2 T7-m chavactay. I% hos booh gupgosted
by ?zot:mwa?’% thot ag the sise of the sromabtie gyabom Ancronsos,
-1 gtube moves t0 o 1ovel lover then the n-TT° stube a&mrg#
Tovol, Yntramoleculor O charaebor of the 16w shebgy state is
algo @xpé@%@i to dncrease wilth the sice of theo polytucloay
nitroaromabios, AL these considorations oy causes on LNETOAES

in the ‘3"531——5- Gy, wadiotive Eransition reotobility.

Thuge Wo ﬁ@mmﬁ’%@ vhat the lowest awreited a;ngm% stote 40
e 42 o -1 abobe and that $he systen hoving oripin ot shout
20800 e -3 bolongs to %———71? and the othoy hovies arigm at
a‘amta 26300 m"a bolongs to o ——‘71& tzmavsﬁ%m.

Tn polar solvents 1ike nethansly tebrohydrafuran (YUP),
3x4 dioxanio and chlovoforn as shoun in Figs .«w.Q though 1 -—7113&&

trongition shous o wibrational structurey in ° r‘ ——>’§Iﬂ JBranpition
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the vibrationnl structure is nobt gonorally observed, In fioh-
polar golvents 1ilkie n « howane, cyclohowsne, covbontetrachlovide
and benneno 08 ghoun n ﬁgg Saly the vibrationel structurs of
hinth i __;.3‘.5.,?& angd s ——95"% tvongitions ave obgowved, Hoveover
‘tho vibratlor

appreciokly blursed in the solvents 14lke carbontebrachlorids

1) strusture obosrved 4n satursted bydrocarbons is

abd bensens, possibly due to sironger inberactisn betweon the
golute and solyont moloculos,

The golvent offect on the absorpbtion gpeetis Lo Dbowun 3o
be due to digparsive Intoructiony dipoluy intoraction ond in
Lage of polar golvente slss duo to orientotion dndustion
-affm%:@wim of the solvent dipsle on the golute molomle; In
additinn, ineal interaztion like bond formation ebo. Day olso
affect the traneition endrey, Juentitativo estimation of the
abaorption ohaorgy could he mods for IA. ——3@;& tranaition only,
vor Lotk nonpolsy and polar golvonte; plots of dpransition
enppey against the 1"3@%2?[{_53,-9 2 )] give pood gbyvafsht Yinon,

{08 e 8)

The lineay piot for the polor golvenis ip, howsvery on tho lower
i&&@mg vange and bos & d4fforent flope thon thot for ron-polar
selvente ag shown in Fig. 4 The Yinoor plot in son-polny
aolvents indieates thet the dispodgive intessctions predopinates
oveyr the dipolar intorvaetions, For tho 9N —-}% fransibion of
nediun Intonsity, thile pogeibly forther sugpesta that the chunge



Figuro » Qb

- \Mon-polar solvents,

19‘?-5 ., 022 024 3 -o«zé U 028 . 030 .
AR A (na-a)/(n 4_2) T

The plet ef mmaitism anwgy of 32% — 1. bhund of
thescens agajnst the factor { 65 = 3 R 2 )
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in the dipolc monent on exeitobions is small in this moleoule,
The lincer plot i&n polar polvents 4z not essy to rationaliso.

It poszibly ir:sﬁi@istg&za thoat the diffetence in dipols ponent in
the ozeibed nnd ground stolie 3o small ond olse the gam tota) of
orientotion - Induction effect and lsenl irbercction is nob ouch
dopondent on the colvent pofractive indew, Jmall vefractive iodex
deopordenco 1g, howgvery presebt glving o 4ifferent slope of the
1inear plot, Tdlond, De-nltvooanthracsie iz axpactod o have strong

local intaractiofn with cone polayp %iv&m&-ﬁmwmg

&%

]

Theototionl studlos op the aolvont §(foct on the £ » wilie

@ o alectyvonle transitlon dn tho solube molocule have been
sogly soncorned with the loesl field offect™*®, the rosults
are ulvays atelysed in torps mf” ioenl fleld distrivubions and
distortions of electronie charge &istribubtion by the gurroundings..
¢ @%ﬁ;ﬁmi & Corraction fauctor? for the gpoctral inbensiby change
fs mot sueficient $o explain tho sbserved rosults, Recentlyy
'a@nsiﬁe#i!;ngg long ronge dlespovsive foreds Lo Do oporabiva,
abtsinee 052 wap ghoun thok for tho convebsion of £ - value 4n
gointion from the correspording lsolnted molooular volue,
Chokate fachor ig of nisoy Anportunce corparel t2 ob pdditionald
tue fastort opigimbing foom tho intormolesuler foress betwoen

tho golabo apd the solvant molaculey and from the tranplabionsl
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fluctuntions ﬁﬁtﬁwﬁﬁ tho irduced Bomonke,

mup Pesulie for the £ - valuce in varions solvonts com not
be @meplained by Chakots factor { '\‘? } sions, Nzpanding ﬁ&é i
factor to include local interactions os well, the oxperimantal
oseillater strength 1a solubion §, oun be wxprosesd by o
smpAriesl relation . :

—;:(I+x> 5;5—:5:&

where £, iz tho feee molecular osellilater strongihi. Yo have
goatizoted the valnes of { 1 + % ) 2, from the oxperimentaily
obgerved oscillatsr stronpbths ib soltution wideh ore prosented in
Table 2R, UALh the fncreuse of By wiila da polay solventa the
£ = value inovsases, £ - value docrssses in nonpolar solventss
In case of ronpsler solvonts, the dispersive intepaction playe

a very importent role. In golng from n - herans to bensohe, the
soiute golvent dlspersive iuteraction isceenses. Tho T « faetop
dnereusas with the inerenss of vofroctive Andex. Thusy the
obgeryvel decréuge in X - factor indlcotes o nogetive valus fov
this factor in nonpolay solvents, In poler solvents the contedie
‘bubion to the ¥ - factor fs nob ooly dus ¢2 dispersive interae
tion or dipolay interactione bub olso dus to local intercetions,
Thus, the ¥ ~ facdor in poler solvents will be in the obders

«
o2
o

Kffieﬁ§> Sup 2 “piozepe > “thlovofors
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The experimentally obsorved £ - valuss Soerdass in *he sawe
ordeyr imdicating o positive valiie for the ¥ » focbor,

The 37% bandy which 1o hidden under the intenne 31;@ band
in arthracens, soperubes oub 4a Denitropnthtocens owing to tho
aitropronp wuhstitubional perturbstion, The T (04 ) 4
observed to flusrosc vary weakly, The sclvent effect on the
wlectronde spociya Bas bech euplained intorms of tho predondnant
disperoive oud other locsl dntoractions. Imbermolsculer forees

bebween the sslute and svlvent meleculep are found ¢o be dvportant




CHAPTER w 3

SLICTROBIC CRTLINA OF R » HITRACTFIUSRTNS 3 20LVEE

N 2 T 5 g. P 9 Fraen . b Sl G .
TYREARGISS  gyne & 3’7 T o Wt Say B
=y K iy g3 , — £%8 R Mve
Sl e ik {32" 35; Ja mﬁ;&ﬁl&m 1}

In the near OV roglon, Fluorone divws bws clectrenic band
systezgs ohio of low dntensity ab 300 m ie due to the % -—J%
transition and the other whileh L 4ntenhse apposring at £60 m is
aus o the % ——-—>:§i’;ﬁ& tmﬁgﬁﬁzﬁéx&g sosording to pratt Q, iﬁb band
ia phort exio polavioed ang 1},@& i long exie ‘{mﬁﬁﬁswg on the
otier hand, Zusrlea’® conciudefly fronm his polarisation studies
&9 the olectrotite abhsorption and the fluoréscence specbran of
- prionted single eoystal thot tho DOO fm tond fe iong asle polarised, |

Subgtitution of various groups ave Eown to inflience the
slectyordie gpeolers of the popent molemiis, The pertuzrbatisch
cayesi by stvonp nosomeric substituents ds wvary strongs The
ecrplisations moy ardce due to tho pregence of nonbopding clectrons.
&mﬁmmﬁm of N -TTT apd Antrasolosnioey CF bands, some tlmes,
nako the sgeignment of the obaerved bandg difficuil. Thus, the
gnbakitution of :siizf;% proup ub position 2 on fludreny bolotile is
espected Go shov o gshreng perburbation on the leig sxls polarised

tranattion, The Lminscednes pvepertios of 8 » nitwofinoraia has

. \
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bosn dnvastigated by foy end Becker'C Zhalsy et,s1” ant
Tapahura oby als v

In this ﬁmmm:“, ue W@:;mt gur posulbs on the Irvogtigations

esf the @mcﬁmﬁw spogtra of O « pliroPlusrone undey vfz&:imﬁ
coniitiong aRd confivn tint the L, band of flucrens 4s o long
axls g%wiigeaﬁ botll, Partbor, the sssigrmont of the bandy ard the
selvent sifoet on the slgetronie gheorption gpactra of this

molecule have algs besn grasented.

7

The conpound Sentbroflusrene {( 87 } B som Vasboen fivpanie |
ul times from purifisd ethancl,
| soivonts of sﬁ:ﬁm&mgmﬁ@ ganliity Heee vsed,

chanlenls? wae mmwﬁmmmﬁ sevor

Zone-rofined biphenyl ves nsed ea b hoot for the wiiel crystal
- ppectea, &‘?ﬁgﬁ:ﬁ;ﬁg wers glowh frow the mell with goest congenirow
tiong of about 00w By alouly loworing Yhe tefporgture,

~ The ;fé;;;m%m,za@m rocorded at voor tempareturs ( 250 ) on
n gpechrobsl - 208 spectrophobonabos,

In Mes 3,33; the &hﬁ@?ﬁt&@n apeatre of f‘m@f ang am 2P in



motianol solution avp reprofused. 4 cloce cxaminetion of the
 —>n, vana ¢ 22400 ™) ) of
fiverehs vory much pogorbles the intonse bamd r;ys%m of 5P, Bub
"%;m obthor bond sycben eorpespondiug to E7 ——>1L§ band of fiuorene
in pot obgerved In 1. :«‘:‘ﬁ gsotsg thot ap o result of ebrong ndbvo
Cgroup pertusbutlong “‘E:%m %mnﬁi ezparionces a larger ved ghify
bhan 3& bandy vhich gg?zmm to be hidden under the datense 3‘¥ by
band, m; Yals point, 4% ney be noted tiat ftigy = mx‘@ shitution et

flgare rovenls thot the

gocond pogition oF the Tluopens ring systen w;gm% s 6 shoong

dipole moment along the © « I bond dfvochion snjeh intovscty vith
the long exls %;xgmit@n #irole tusbet tove atvongly thon with

the ghort axls Sransition dlpolo and thereby parturhs tho long

| mm teansibion oudi vorg, This contizns thet £50 o bond of
 fiuorens is a long - oxis one but deos rot confivm that the

390 om band 15 o chertenuld tronsition bsosusd the sceilletor
stpength #a%w for this trungibion i ono order of mgnitude lowed
then that for the 260 m band, |

pue to the presence of nitro ghaup, oo ong oberves in |
,%33, Es@%mgﬁmggg, in addition o xuag i&g t’dém{'ﬁg iﬂﬁ?wﬁ@&%ﬁﬁ%ﬂ? o , ‘
o alsn ™ T_F traneitiong may appony in I8

The #lestvonde absorpbion spockra of the compound in Dehexane
are paproduced in Pig. SuBe Too Vage position of the intonse band
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PIGURE 8,82

 ABSORBANCE (ARBITBARY UNITS)

P T s'm 330 T ;z’spj;'“ 250
. WAVENUMBERXEO amt

memm'mm shesyption amt i3 af Senitrofinorans 1 ‘
¢ 151 s-mitvofivorens gmstwhig}ﬁeﬂm hogt pixed crystel
€f 238 aamzmi spectrom 4a ow hérzaxrm



)
£
e

in Aifferant solvents and the results of the ppectral amelysis

{ An n - hoxane apd mixed eryebel ) ape surmavised In Table Sel.
an intenpe Bend is chesorved gb sbout 331175 m“i with & very
blurred five structure. The spectral analysls shows that ti‘a& ,
spaaing botweeh tho bands 40 n « hewnne is approximately 1275 ™t

whieh is poselbly. the vibrotionst structure of the ;&& -——>3'§’;

%
band, o indicetion as to the preuchos of £ ——elsgé, 6T and ‘z%a. 1
bapds sould b ohaorveds fnvestisstions with other nolar am

noh polar solvents foiled %o veveal these batds. ve haves thorefors,
sbudied the apschru of 51 in ooldd s¥ode uneing dirhenvl ob matedx,
The nixed avyotal spostrun fs also dpeladed in mg, 3424 Tho
spacing betwgstt the panda ds of the order of 1800 ﬂzsz"%‘ wiieh 4a
‘muaely largay thoan 1995 m“i, the prograssion = forning vibrationsl
Cratuency of the moieouls, Thils suggosts thnt those thrae bands
shgerved in the nimod cryital are hpee differont slectronie
band. systong, |

it =emms thab the weal 11% band appears in tha pized crystel

spectra s o rosult of gnost hoat inderaction, It is oxpactsd t%z&@
this internetion iz lovger for iubenpe Ty —%1;?';& transition causing

nore fod hifh then wesk lzkﬂa&,ﬁ transition, The third losgest
. P - PP T 3
wave lenpth hend ip the mixsd epystal night Be eithey "CT OF amr
: , 1 A s
transition, fut vagally the “n T tronsitions za.%gxwm*w at ruch

Longey wavelengthe, it 4 tope probable for the lobgest uave lenghh



Tuble » 841 Spestrel anslysis of Tho Dlsctronie Spectrun
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%o be the intronclecylol OF bond,

mived cpystal band

Tho fluorescance fron this nitvosavomnbic could iwd bo

detected dn any of the solvents used, This posuibly suggests M
the n T @ﬁﬁﬂﬁaﬁﬁﬁﬁ e the lowest %’1@?@? Mﬁgﬁeﬁw@;&%ﬁ% Leahe
sition in this moteeuls and ig Forbidden, The porvadistive degsy
voute from th m m@m to the ground stabe mugt be very @fﬁ?ﬁemﬁh

The offect of voricts golvents hos beot investlgsted in the
i, ———>3*" Chand of 2 e nityofluorens, The non-polar golvents
B = 23@%&%@; eyolobosuney banzens and corbontetrachloride snd polar
' golvonts mothanoly ethanol, deoepropancl, tertebutaml, 1y 4 dioe
| #ano, tetraliydrofuran { TUF ) scobone; ehloroforn and wabey heve
boen usedy | ‘ _

Yoo weal m%%%@ml strpobure could s’s;:}t e shaarved in other
solverts, Ib nong of the polvenba, 3*% band systen éould bo sopes
watad oud from the inbonag bend ang %%m band mazing giwa tho

'\)m gor 1 ——7-3‘& transition, |

The golvant effsct ob the abpsepbicn gpeotry $6 kaswi to be
duo Lo ﬁi%i&!‘g dispersive argd oriontotlon-dnduction af%@“& m,ﬁﬁ
in pdditdon, & wéak bond fotmabion betweun the splute abd sulvenlt -
nigs contribate to the spocticl ghlff. Svidontly, My and M are



ﬂx,sgmxs sont an they deborning the stabilization of ground and
axaltad stotem ab 4 Poged *&: of disslay intarochion,

“Far non-polar s;mi%?ﬁm:&; the plot @f’ trangition enovpy against
the Pactor £ £ 66 ) f.0. ( 0° = 3 3/ { 8% 2 ) gives o sbPaight
live az shown in Fig. 8.9, Afsumine thet the solute dipoia solvent
induced Gipole interaction By weak ond any slgndficunt losul '\
intoraction in obgent, the &,Mﬂwif:m% istoraction in thdase bon-
polay golvents fo the disporeive intorasction. This s in mﬁi‘ir"ﬂiﬁy
with onr capordizental obsepvation of bathocrorde shift with the |
incresze in o~ volue and the lincar plot of Pigs 33,

Tho glacteonis mmr;a*:km spectea of WP 1n n < hexone zolution
is inersasingly red shifted eo the polarity of the solvents is
Inereased, This rod shift can be exploined by tha :‘;nc@mem in L,
wyhioh 135 rospohsible for the lovering of the ozcibaed stats onerpy
Srom the Trantk Condon stobe to tho enuilibdelun state of the
sointe molosuls, The reorisntation of the solvent dipoles is algo
Salkedng ploce in the golvabion sholl dupine the excited state 1ife
tima, Thuoy the oxtont o uhich the speotrun is vod shifbed
dopeidis nyen the polavity of the gelvent uend, Howsver, whe ¢

"hmi@
notion M Table ! 9.2 cshows thot the poler solvonts can e clansified
it bwo groups acuording to i:?xe ypgritude of the amm. in iy & =
dloxnno, THY, CH ‘ﬁw apd mﬁgt@m, the red gaift is wore then in
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 Table = 2,8 Solvent DEPest ob s ———>§‘§‘z§ ¢ransition of
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aleohole fmr cquivelent molecular Alpole woment values. This 4s
expoctod 4n viow of the faoct that 4o the shovo pentioned
monglochollc polar solverts the solvent shaorption tmand g cloge
to BF bond, Tho vesults ib sloohols ond waber are different ave
abiribatsble %Q %E%;‘aa hydrogen bonling and @ the Posdliant r9d-
BOoUsS valuos of g local fiolds 1n tho solube solvent avstems,

Oaesliator gtrength amd X - factor™™ ealeulations for a.;;. —;—1&
transition in vapiots solvents could not be mude bepause of the
suparimponition of ofhor tratgitdions on this intonse band.

Coneines

The hitrdspeoip pepturbotion on position 2 of fludrens

polecule confive thet She 3“% is lane oxis polerised, In o mixed
eryatal gpactra i;iw:w band aystm have baoh obgerved vhoreas in
..... %i';a band could be obaerveds The solvent

ofPect on YA —» 3”%,& trangition onergy hos alse been investigabed
in wardous polay ond oonogelar solvents.



CHAPIUR » &

FLECTEMHIC ARSORPTION AND THISSION SPRCTRA
OF 1y 4-DIHITROTAPHTHALEND

Tho umrzztsmmg abgorption and enlssion spuotra of nltrenrvomatic
compourds are of considerable interest and indeod significant amount
of work hog elrendy beoh r@mrﬁeﬁa’ﬁg' on pong nitroaromatic compoundg
\wma&"a cleoy undevebanding io still to Be sehleved, The intorest
mainly lies &n intraroleculoy chavge transfor { T ) band chavactars
istic of the elactyon donor « pocepbtor interaction fnvolving the |
aryl moioty and the nitro groud. In additioch, the nonbording dlectron
of the nitro gronp giving a sot of the n -7 gbutos and thodr
interoction with the cloge lying w-1 ™ states affect the radistive
and nonradiative procssses of the lowest excited gtotes in the
‘nitzoaramatic molecuies. T Chspter = 2 we have $nvestigated the
eloctronds spyctra of pendtrosnthracane with the oromatie rosidue
somparatively lorge thus giving the lovest excited statos of both
#i.zzgmﬁs and triplet manifold o ﬁaﬁi&nﬂy - 7 chabaobes contrary
to thet sbaerved in ritrobenrenc with small aryl motety®. Inveoti-
gations on the spoctrosespld proporties of mitronpphithalenss are
iotavesting in vwzé of the fact thet the sice of the eoropatic residue
in thogse molecules iz fnterrediate betwosn that in nitrobonzencs o
nitrosnthrocohes, The slsctronic spectral propertlies of lyd=2initro«
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m?ﬁ%ﬁa&&m i rob woll uweilergtood, The a@ﬁi@mé:m f&% 1oweant *Evm‘lei; :
stube ng SN-TT by Becker gt g:;l 48 auite ﬁwbtmi@; B0y wWe hg&%ﬁ _
investipated the ﬁlé}éamni@ @s@;‘pﬁmn and onission spectrn of ‘.
Iytsdinitromputhalane in opder to assign léﬁmlgyiﬁg; oloctronie stobos |
atid to study luminegeshce chuarneteristics of this moleoule, In this
chapter, wo prosent sur results, | |

The compound Igd-dinitronaphtizione fron Fuzotman Opganic
Chenicals vas voorystulliged seversl times fron purified methanol,
soivents used were of s,zasai:;mgma@ guality. The gbaopptlon spectra
in varions solvente vere recorded ot roon toupersiuse 208 K oh a
shipeded 210 4 spocbrophotonsber, Tmission gpoctrn wore rocorded
on ¢ Porkin Elper MWPP 44a spectrofiustinoter at 7% Pirogphoroscense
waz $solatod by o Pobtating can phoephorescope. Phosphorsscente Life
time wne moosured uging & TOIL OO 789 oseilloscope ddaplay. The
bure of

enission 6F tho protomted gpesios wes studied in a mi
suifurie aeld with sthonolfuethansl { 131 by volume ). ?meﬁi;ti&n
was belen to ohsurs that no cheslenl reaction cocvred in the aeid
nodia, The eriterdon in thils regard was that the spestyn of the
aeld golution @bﬁ&ﬁﬁ@; immedlately upon mining did oot thore after
chanpe Lo tinme, ‘



sgerption gpostyom of 1,4@%&&%&3&@%3&%1&% in methannl
&% poon temperpture 4s choun IR Pig. 441, In tho OV = Vig W@gzﬁ.m,
threo broad bords with Ang 8% abont 213 sm, 240 m and 257 wn in
docronping ordcey of &ﬁﬁaﬂa&w are obsorved, Tais absorptisn apsetiun
ig sinilay to that of hﬁwﬁwmmmgmm iznal orespt that the bads
ave Pod shifted in this polar lyd-dinitrotaphthalens molocule,
sbgorptlon spectrun of baphthalene in sathanol is nlgo ghoun in
7ige 4el for compayison, The absorptisn a;z%%m of 1gd-finitronaphe
thalens &1:&?@@% considerably from thaet of naphtholenn, Hore, we
confine our discuscion 4o the lsw iying statos 4,0. the broad band
B0t only, In Hy 80, nixture in

in tho spoetral vegion 320 om =

rethanol the broad band is seon o congist of two distinet band o
- wdth oy A 397 M ( Bond IT } end o 380 2 ( Bond ¥ ) pospoctively.
N pane Fov thé two bords could be cosily located for the polar
soiventa tﬁmm in ponpois? oolvonts the significant overlep of the
tws bonds Sopaired )\, . location for the lov omergy bond I, In
Table 4e1s oolvent effect on the ... of the $uo tands is shoun,

It s observed thot the D\ .. . of the low energy btord shous o lorge
pod shift with solvent polopity and if soldic pmedin this bard ig
aimost conplotoly soperated from the high enorgy band 13X, This means
that the spper stoto respongible for this bond is eutrenely polab.
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Dand ITy on the mﬁm mm, shows a 1itle rod ghift with mw@rﬁa
rofractive iniox (). These results sugoest thot Dand I 48 o
prefdomipantly 6T Lband where ap pand 11 corragponls mogtly to the
localised naphthnlens 3%” bands ey thus, asoign band T ond band 13
08 { »\%{,—-%3@@ ) and { o5 "1y posp peetively, Fojima, Tanalta and
z—mg@}?mml attpibuted the brood lou onorgy band { corrogponding to our
bard I avd bund II ) of 1,5«dinitronaphihiaiene to two cverlapping
bandey the lov energy onhe cosresponding miﬁw to the ai, 0f naghthaw
tone mixed to gome extent with nophtholen :th and tho Bﬁfz* t.m.mitlom
The hish cnergy band includes the above montloned. three transitions
in almost squal proportion, This is apprecisbly different from what
our vosults of lyd-dinttronaphithslens us discussed abova suggoests

The effoct of various solvents on band T and 7T has been
investigoted, Tho ponpolar polvents fi « hoxsne, N« BEptaN0,cyelo=
hexano, methyleyelohomine curbontotrachloride, benzene and polar

solvents Ygé-diomane, tetrahydyofiraty chlornforn, ethatnly methanwl

and ethylocetabe heve beal Gosds

fhe solvent offack on the sbsorption gpeotzun of & golube
molocule is B:ﬁmm to be due to dipoler interaction, dlspersive
interaction and alss due to orfontation isduction effect of the
golvent dipsles on the golubte ‘z’sm'.m&w&éw’ 3;12, trddently the
ti:iyalaéam@aﬁ in the groand ( M?F ) and in the oxeited state ( MQ}
aye important as they deternins the stabllisatlon of tho ground and
the excited stabes ag g result of dlpolur intorsctions In eddition



o £i0id develeped by the local interssibion 13ke weol bond formmtion o
- botween the golote ond the gelvent moleoules vlso atiribute o the
spoctral shift, It is Intercsting to mote that Both fop polar amd
fon polar golventa plot of tronsition cnorgy §m# apainst o

$ackor £ (0 ) 400 £ 02 = 3 )/ 8% 4 2 ) for bard 33 give pood
straight 1dne { Pig, 4.8 Yo This indteatos that hove the dispersive
interastion prefonimntos ovor the dipolar interaction, For the polep
molesule lyd-dinitromaphthalone, this further suggosts that the
change in the dipolemsment on exeitotion to the state roaponsidle
for this buni fs mmlil, In gone solvends liko ddozane, chloroform,
eavbontotrnchioride abd Lenoohe, the plot N R sgalngt £ (a )

for band II though shou 1inaarity, foyn o Alffepont iﬁﬁ?&i{gﬁ% itne and
with lavger siope than that for othar golvents, This pocsibly is due
to %%éega golvents having electyonilo sheorption band close o band 1T
of 1pe-dinitponaphtielens, Tor bant I, sach iinearity fov N ... ve.

£ {n) plot could not bo oblaincd and ¢his indesd $z what oo oah
expoct for a hiphly polar excited state for s €7 bard @&%& Sdpolay

interactions predoninates,

The onissiol spoctys of 1yd-dinitronaphthalene in nooprotie and
protie solvonts ot "?‘?F aro choun in Fig., 4.8, The spoetral rungs
350 m to 478 my hog been récorded without and ceot upto 760 nn with
a phoppheroscatica chopper. The phogphorescence spoctrum conglsts of
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thros brood bands with the O ~ O band ab 180S0 e™3, 17055 o™t end
at 17050 oo™} 4n nothylevelohorans {HOH) othavol and 4n coddie
othansl o0, dn Hy 80, in ammmi pigtare respoctivoly thus shoving
& ol chife in fxmﬁm solventy, The bard positions anl o bentative
vitretions) sssipreand of tho phosphovrogeence spootenn is shown In
Tablo 463, In mﬁshyl@y@mmwm glass ab ’-’T??@Eii@ the g?h%ﬁﬂ;ﬁi@z‘@m@m

1o very wealt and fo Qluoresconce is obgorved oven with maw
sitivity of the fluorinvter mzmmﬁg & quantam yiaeld c\) < 16”5, wa
eotivate the ahosphovescones quantun yiold in methyloyelchemino cp =
sﬁ”ﬁ In peotie sslvonts bho ﬁi}ﬁ&?@@ﬁﬁ%&@nﬁﬂ intongity is crbanted

Arg: T gole

and 48 sdd3tion weok £luoreseohec appoars fn the 2400 475 e replon,
This behaviour of 1y wﬁiaitmmgmhawm (pim) molecule s sipdlar to
that sbhoorved .:-_m maay polyeyelic monsasines steh as guinsliney isow
guineling and g@aﬁﬂm&g Howsvery in monoarines, the teiplet quontun
yield ip amll (0,8 for qxa&miﬁm, G for is:.mgugmzma%} vaoreas in
ﬁi"@@mﬁh‘&mi&ma lapge triplet quontis yield has genorally besn
obseyved ( @,.m fop ,ami%mmn&:m:;mm and 0,88 for 2enitronaph
aleng e? ). Unfortunstely we have ot been able to mossure the
tripiot yield for &wazw@mgmmmm molacule and to see if it

1o wenlly m@g@@: |

- The phosphoressonce ramﬁmmm has bean wegsurad An othanol
| gmaa :&% FOR with 337 o exeltation, Thia s alec choun in Plg. 4.3.
o 'mn excitation, the polarization degree ie megotive throughout
the whole gpoctral vonge ond the phogphoresecncs origin hog o negative



Fugsphoreseenoo bands of ly4-dinitronophilinlens in
varions glasses at 778,

solvent  oopd Tentative
: : - Pogition ssaiqument

Hethyleyelohannne 8080 { Dy 0
- | 16625 O + 2356
izl 0+ 2 = 1006 ¢ 40

R S A O

37886 {0y O}
16610 0+ 3388 ¢ 30
Woss 0% B ox 2866 2 20

17050 ( 0y 0)
166310 G+ 2385 ¢ 15
15870 O« 2 ox 1958 + 30




voine G.18. Fron the solvent behaviour and fron the negebive

.polapri sation on ‘e aroel t:atim ¥8 asgign the lmma" triplot s%zzt;a
B gbate, This conclusion d4ffers from that of Roy avd
'ﬁecmﬁw who aoaipned theo lowest triplet shate as 3n-1r" gtote, A8
hag beon polnted out by Bhalil, Zech and zazeﬁlymza, tholy result is
qaﬁtw sobigucas possibly because of the lov probubility associated
uit:,h the erxcitation inte tho very wosk; poorly gosolved N raglon,
The @zmmxamgmma polapisation of 1 » nitro 4 - methyl suphithalene
has beon investigated by Krishna ebenl. ',
to bo the lovoesh triplet stats, Indeod the atmﬁmrs of the phogphos
:&-‘a&mm@ spoatiun of ﬁé:é_ﬁi Igdedinitrons '{aml@ﬁﬁ molecule 1 nophtha-
Tonde, |

y oIl S has boon shown

How, 4% g qudte 1ihely that thy next higher triplet state
zigat be the n-r*otate, I 4t is asy then ovipg to the “proximity
.»zsfm@%:“%, vibranie intevsotion botuoeon the civseslying teiplet
statos would be dmportant and the zedistive and ponpadictive decay
processes st %é affecteds & low valwe of phoosphiorescence guantum
yield con Peagonohbly by attribtuted aw on femedlsteo conssatones of it,
. e have ales Measured the phosphorescence life tine monitoring the
-dwzzﬁf af voth the 57 w2 and €02 o poaks, The noan rhogphoregesnce
14fe tine in sthonol plsss is 10 nms, This value 48 sipnificontly less
t&mﬁ,'ﬁhaﬁ of mmpntholone which s 2 sec, I hms M’iﬁn shicui by ml.‘%
that & clogswiying n-r state can shorben the S —r 3y phosphoros-
copes 1ife tmm sipniticantly dug to the vidronic interaction b@twam

EO apd - staton.



The poslibion of tho €7 stubo, amobg »@%Mz% doterming the te
of intorsysten crossing (I50) dn nitroaronatis”, ‘v otate 4n
2enitponsptiialens bog boen ghewn to be at highor oncrpy thon the
hﬁmsﬁ si%&% phate wileh 4n ’n T gbote ond the fnitial stote of

Xs¢ m N-T" wheps ag the final stato i 2m-T" o Prom our abgoppbion
el the stute with predoninantly ©F characber

: ,mwa@ wo bave shaw

m; 260 nm rango ond we have mot obsenved any M- stote though in
nitvosrematde molocules m-m &y nocepted s the lowsst singlet
aﬁgﬁﬁéﬁ; The wesk fluorescenco onlgsion we lave obsarved in protie
solvanty oripinctes ob aboul 4586 no whore o abivrption band s
obgorved am which quite on the rod side of tho lovest abgosption

Bapd T { ' 0Te—5 3a § obusorved. 1t £9 quite 1ikely thot the 'M-T state
i locstod 14 this speetral veplon sod the obsorved flusresconse 1s

due o 'ar— 5, trangiiion,

To detersine the inttisl state of I wo have studisd the
rhopphoresconse axeliabion gpestrn in protic and nonprotic sslvents,
Thts is shown in Ple, 4ed, it 46 interesting to note that in nothyl-
cycloherand, tho excitation apectrun i o broad bund with Ay at
about 354 o .0 tho ©F bond we havo observed An gbobrption, In
protic solvents, howserar tho ‘m‘s&tmﬁ,@m speotrun looks eonplex and in
aﬁ%ﬁiﬂa to the brogd batd wm overiapping relabtively shuorp bands
with the origin ot 895 noy ape obseived, Thoso ropelis show that 4n
nenprotie solvents, the initinl stato of 190 is '3 sbato wheress o
protic solvents stother stote with the origin at 296 mmy wiich we
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2. Bthanols

3y seldie sthonol,
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thick 15 the m -rr*gﬁafs?ag is peincipally the Initinl otube for IR0
thogh somo emount of energy is slso fronsforved fyom the '¢F state,
Thusy we conelude thet the leveling schome for the low Lying sbabes
in jgd-dinitromphtholene nolecule ig

B 8 I<B -y <B vy (- < ety ('m0

Houw the questions boturally orige why firetly in 100 the initisl state
of I8¢ 45 '6F and £ot the 'n-1T stabe and scoondly no fluorogeecnce from
thore, Soperobion bobwaen the'GT and -7 is mors in nonprotic
soivonts thon $n prodie solvonts ond os such the honradiative docay
rowte M -Ts 6§, due to tproxinity offectt in hyivoearbon solvents ie
gxpootod to be leps officient. This sugpests thot there ls sons othar
decay poute rsh the -1 stobs. |

We havo regofided the fotal mmmémﬁmm spectra An various
solvents withoud the phosphopdenope,. The Inminescence gpootra in
othenol abl in WCH glags { 77 ) ave dhoun 46 Pig. 4.8, 10 cthamol,
usual phosphoresecncs bords as shown in Pig, 43 ave observed. in
HCHy hovever, an lutolige broad band with )y, ¢ sboud 540 oo is

obsorved along with the phosghiorosconce bands appearisg very weal in
the tall of the gpoctranm,. 4o the concobbration of DEY Qoerensesy the
intensglty of the brond bend decrenses and ab 167 ¥ thais ﬁa.m doos nog
apponyy Yo have looked into the tosperature dependohes of this brosd

AN



®

o o = 0;65x10°5 M3 Ca. & g
7OK (= w.wm__«)g :Ln meth-,_cyclohexane.at 303°K
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band, Intensity of this broed bond decrenses with tho tomporature
and gt yoon bobpevabure thiz coission disappesrs ond & wenk
fiunoressence of DO 4s obsepvolds The broad eodssion band in 1CH doos
not goon to he o solvent sgeoeloted impurity emission pe similar
spockra are shasrved at’ %71 in othop hydeacorbon golvents wo Bave
exonined lile nepentolicy N-Rewnno, loo-ponbane and 1so-cctons,
Abgonce of thig anlssion in pwotlc solvents excludes its being due

to solute assecinted dopurity enmlizsion, Wo hove omanined the ubgov=
ption spectrum of estcentrated solutdon of MHF in hydrvocgrbon solvents
at ‘?’?i”, & zsz%zsamﬁzsmm band in the gpeetrel rogion 4310 o « 580 mn

io obperved. This suggests m@% the brosd onlssion bond s oot dae

to dimer emfssion, all those obsevvations clearly indicuate about the
tovolvenent of gome new state, wilch in al¥ probebility s the
oxeimey astabso ( D ) in hydrosurbon condensed wmidia at lov temperature,
with decrenss in concentration, the m%ﬁa&ty of the brood exoiner
arission decresses vhile thad of phogplioroocensd Inorosscsd.

The phosphorsssencs and the oxcimer ezcitation spectra are
diffarent { Pigs 4.8 J. Trom tho solvent effoct on shsorption ép@e!‘:ra,
the bond at cbout 354 nw 4a found to have predoningetly 7 charactor.
The m@sﬁh@msﬁé@maﬁ fn HOH 1a moinly dde to ey gxeitabion, the
1rdtial state of I°C s 'GT an3 the fimal state may be either >T-T7
or 2q-", The exeitation apectin correspording to the exeiner
enigsdon looks complex where, 4n cddition %o the broad '¢7 absorption
bandy gomo shaPp borde with origin st obout 86800 en™d ara obaerved.



RELATIVE INTENSITY

] ' i : 1 ' ) ‘&.
285 340 © 405 465
" WAVELENGTH m).

Exeitation gpectrs of lyd-dinitronaphthalens in nmethyl
eyeloherane at TV°K,

1. Faosghstascenco axcitation spectrsg

2, Txoiner ozclbation spoctra.
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Thope therp bands, in our opindon, ore due to - groltablon
Indoody the wenk fluoroscenco obsowved from DU opdpinates fron this
'n-rtatate,

Tho sbeoneo of fluorasconee ond the prosonco of o woskt phog-
phoreseence 4n hy@rocarbon solvents ab low temperature is evidently
ks

dug to the officlert NITa~sDe ehergy tiahofar whlch malkes the e inr
128 Joso probable,

gucsh an oxciner enission ds fnt obsgrved in protic solvents,
Hitraaronatic moleotiles 4n protie gsolvents are kuown to forn &
hydragen bonding 4a videh oxygeng of the piive gioup ave proton

sccoptora wille tho golvent is proton ﬁamz!m*%, This type of lacal

solute-polvent interastion may result 4n o 1@‘% probability of be
foprmation, Thus, in protic solvenis Ty p* poute e sbaent and
'n —> g, flusresencs is obgorved with low intonsity beesuss of the

efficient nTws, monrofistive procoss.

the tow-iying singlet ond the triplet stabtes have boen assigned
from solvent effect on the sbgorption and the eondscion spectsa and
alpe fron polarisation, dscay abd expitation gpectra studies of the
phogphorasconce ermisgion, N

Strong Yorozinity offect! betwoesh the closs lying - Gnd Bm—rr*

states hag been shoorved, The guenciifp of tha rodiative N —» B



transition in hydirocnybon glosses; howovors has baoh attributed
not to the prozinity offect but to the efficient '™ iwp® roxte
rosulting i the oxcimer Piucrestonso endpaion, In probie solvonto,
axeimer (DY) fornmtion @@&1& et be chaerved bocauso of the loeal
solttewsolvont intarections, | |
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