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The prosent thosts entitled “genicontnetive and lmmmam

~ Investigations of Somo litroaromatie Compounds® ig in fuifilnent of
m&z raquirenents for the degren of Bocter of Fallesophy ( setonse )
wf the boprth ﬁ%@f%ﬁ, Undveraityy Bojorenmohunpury Dovieciing (WeBed.
1t aobodies results of investigation on the senfeonductive ond
gpoctroseopic proporties of eond nltrosavemutic compoundo, The wost -
of the wovk wus ‘cagpied-ont in the Physice depurtment of fowth
Bengal University, Dayiseiing gmﬁ fn the dpblos department of fxisﬁéﬁm
associntion for the cultivetlion of Sulence, Judaviur, |

The thesls bay tyo mﬁ*% and afn oppandily, Thore ave foup
gstmmew 40 ench park, Pirgt chaptor of ool purd conbaing o genewal
introduction with & brief rovicw on the relovent parts of the
asigting theorion,

The £4rst part desle with the semiconductive properties of
somo nitFoaronmtics oag. durk eonductivity, the offect of adsorption
of yupourg on the @i’eﬂ@wi@ﬁi confuctivity ard on saviconductioh
asotivation shovgyy adedbrption and desosption processes and the
Genpenzation offect, The experimontal techniques used for the
senjcondustive lmvestigetions ure presentod in chapter 2 whils the
subsequent ehapteis contain the &m&iﬁ of e oxporimental vesalts

\

Sogethor with the diseussions,

Spectrogeopie dota ars collvotod by OV « visidis apactrophoto -
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atd fluerinetars. The results and dlgcusslions of the dlestronic
spectral investigotlong of gome nitroaronatic compoufds like Denitro-
mﬁ%‘am@s«mé E-nitrofivorens ond Jyd-Ginitreonaphthalene ave prosented
in the aﬂ:eam; third ond fourth chapbers of purt B,

Most of the regulis ore pablished in the form of popers in
various selentifie jotirrols, Zoms ave awsiting publicstion oo, 4
1ist of pubifeations and avallable repringe are included in the
Apperdiz,
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Sealconduotive aid Spectrosesplic Investigntions
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sdzorption and desorption of vabdous chemiesl vapours ag
differant vapour prossurcs on the crystalllte surfaces of
O-nitroanthraceioy S-nitrofinorensy Owy hw @m p=nitrobensels acfday
1gésdindtronaghthalone unl 1,38-trinlirohormens have been dnvege

Higated uwaing @?;ﬁfﬂ%}?i{%l | eopductivity pg o probe, AN dxpolisntial

depondence of the conduetivity upok vapouy prossuve of the vengend
chodoal hus beon ebtalngd, sdeorpbtion and decorption kinetics

- follow the Reginghy-seldovieh equation in o medifled fown, the
activation onergy for sdgogphion and desorption fs found ¢o depend
vpon the vapour oscurs og well o Upon the nature of the chemical
ﬁ?@}%@ém@ zinebic analyeis duts ghow that in thiess Vapoup»gen
duotor gystong, o adgoyption g geteraliy s tun abugo provosg.
In gove suses of vapour adsorption on ld-linitrvorpatholons and

eotke

352y O=trinitrobonrens coystal surfoces, o these stage adgorpbion
provess 3s algy obaerved,

The valddity of tho Cunpelsalion offest in various nitroopde

matic semfenmdustors hms beon examined, Tho nopbonding elestrons

of mitvogroup geon to play sh foportant Pole in the compensabion
mechanien, A low valus of éotpensation teuperature i obtained.
Bxiatonce of ehy feistionghip bebucen the za%ﬁmégﬁmﬁ procogs ard

the compengation sffect An dark condustlon process fim.%- bgon
investigated, It hins bogn canelvdad that tho conponsation OPeet

is ponersily observeld in cages whgre the change in m Fol=at Dated s 1P Ul
tioh activotion cidrgy 4o coused by o tuo otuge adserption procoess.

=



vi.

In csse vhors the sotivation chergy is changed by o thres stage
adsorpiion prOceny compensation ¢ffect iz mot oboorved, All these
rosults oro prosented in popt 4 of the thesis,

in ponond pogtd "CB) of the thoalys loctronic spoetral {nvostie
pabdons of ﬁuﬁtmmt.mwamg senitvofiucrone and zgéﬁéﬁﬁ,«.niﬁm«
nuphthalons have Ezﬁm gzmswteﬁ,

The olectronio spestys of De-pltroantiracone bove been liwoese
tiputed in polubtlon, Tus e:izagewﬁ.ﬁﬁg stabos Rave bdon cbgerved
&0 the lowsenovgy reglon of the elestrenie sbsorption speotra of
tats nolesulo, *h —3%, tond wateh 45 blGden umler the Antense
L, i& bond in anthrvecono shifbs to an setonslible apectpal
veglon ond seperatos out fpem Ip . Bapd in this mologule. The
- molecule 1o ohgerved to ﬁmﬁ*@m vozy weakly. o good overlopning
botweon the ondssion ppecten and m@ 1&——9‘3‘% ghoorption bard
has boon obesvvsd, It hag besh &&m@aﬁa& thot the lov ammy
oxeited singlet stute 15 & T7- 7 apd sot noTt sbote: s ds
obsorved in sone @uﬁe&" ﬁiﬁm porntie eﬁs@m&%m The golvent offoet
sn the 3& hand hos boon oxplained intorng e;i' ;ﬁr@wﬁmmﬁ dlopope
sive interaction and weak dipelar intersction in mﬁw}.ﬁz‘ galventy
and intermg of Orlcototion~-Induetion offoct and looul interuetions
'ﬁ‘n polar sslvonts, Tho @bﬁmeﬁ mmm in the sseillator strength
o I, tand is owplaiued ﬁ,;amrmg of intermoléenler forcos botwesn

tho solnte aond the solvont snlocules.



Resulbs on the electvonie spectral anslysis of Senisrofinerens
sre presonted 4n third chaptsr of part B, ONly ope irtense ¥ ;ﬁ;;a
 bond epeten hias boon obsorved An the solution elcetronic &?ﬁﬁ@?&ﬁ&ﬁﬁ
gpoetrs of this rolocile. The niteosgroup @m@mm ﬁﬁﬁé‘&ﬁ%&ﬁ I
that the g
band of finorenc is hidden under tho intonee band of B
In o nlxed-opystal spoclras thres bodd systoms have beon oheorved

whioh ave assigned as \}Efb, 3’& ﬁ;’ anl intramolosular OF

hard 48 long exis polarised. In solutiong the iy

Atraflvarene,

- bandg, The solvent sffect on ;;—5‘? %;mmimm‘a sngrgy bae also
‘been investipated in verious polar obd moupoloy ssivonts,

fhe eleotronic absorption snd emisefon spostza of 1,4-dinitro~

mmﬁmazém have besn axmm& in veriong protic and nowprotie
solvents in verdous coneentrations and éta% differont venporaturos.
Hegulte avp presented in the last chapter of geeond part B, The
lou-lying cinglot ond tedplet states have beeh aselgned from
golvent effect an the abs;@z*gm*aﬁ and the emission spestra amd
«.z,&,m foom gome lam&ma:wﬂﬁ &?aai: WP of - mw mmmﬁm mwzg&@waw
cones polorisation fs feund t@ b magatﬁ.w with rom @.sm%&%mm -
Tt has bsen sugzested & that iﬁw lou=lying @%@:% in this mf;szmzxza,
in ordey af s.i:ermsziﬁg @mww, are s

mg,;@: S y<s Co-r < (n-r < (ery<e ¢ T,
The - Tr~—>§§$ ;ﬁzﬁ@p&@mmaﬁm moun 1ife %ism is a&gm%mmay Lot
This has been stiributed o atveng “z:mzzriﬁiw offentt f.0, the
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vilronie intaroction Lstweon the cloge-lying - apd et ~ ptates,
The luminespense bohsviour sn protic ami momprotic solvents at V7 K
ig Aifferent, The molecule 1e nonfiuvorescent and showps & wenl
phogphoresconse in hydrocarbon nedla whilleo o vesk fluorasscence
grom 'n- 'rr*sja};@% with the intencification and roil shift of ths
p%m&ghww@ema hove beos shgerved in protic za@ivmtsg The guenching
af pediative 'n- rr——a*?} trabgition in hydrocarbton cohdssed modda,
h:cmwaf., hop baan wtritted mot to the peominity eﬁ“‘a& bk to
some othor intermvlesilar asazfeemy tmﬁ-aﬁ:r procoss whers a ddfferent
angrgy L ansfer route Srom ~n T 6o v:«:ze azciver state ( @ 3

Si”@mﬂ ting in oxedmer fluoregoonco mimmﬁ ———9% is nbgmm.

m z;mt:i.a ﬁalvenﬁaﬁ the ‘?ema.d goluboegolvent Intersotion impudos
exciner formation and N voute is cbgont, alse the
intersysten crossinge fvom 0¥ ¢o SN-T and T aye emiantesd to
some exbont there. )
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ORITRAL INTROBICEION

Thero have boen o congiderablo mﬁﬁmﬁgﬂm in tho steotrtest
comtuetivity of organte seniconductovs 4n Fecent yeors o uafold
thotr vorfous propertiss both theoretically ond eupérimentally.
Pue t6 4bs wide vange of eppilcability 4n o nunber of ficlds,
ovgande senicondustor Toseaveh hos opehed & hew frontier in gol2d
et ﬁm&ﬁggaﬁﬂ%‘ the formbion of chorge earriors and tho
mofte af trapsportetion oven in highly dissvdersd solids pose
continutng chullonges Be fho very fundonental coneapts oFf charge
transport meshanien, The most dnpovtant famature of the orpunis
solid stoato i the persiatonce of molooulay identibty which distine
gaishoy £t from tho lmvgenie soldd state,’The molesular Mentity
depivas foom tho wooknoss of the tnterac e vrtes s setacsten.
‘The troditioral enevgy bond sodel, theugh applicd i some nases,
45 omly partinily successiul in the cose of orgatiie molesuiay

~erystale

Gag or vapsty adsorptlon effect on the biologieally importent
serisonductors wag used @ oxplain the slfuctory tennsduotion by
Rosenbergy Misrs ad Suitoer's, o or vapour odserption 4s hnows

 ¢o emntics the conductivity with coneomitont chonge 4n the senicofie
 duction netivation vaergy anl fhe pre-suponsntial fuctor in the



conductivity equation, At prosent, howover, there does ot soen
to be any cotivinging evidence in foveur of any partioular ossumps
tion ag to the type of irteraetion of the gos with the substrate,
Sohough, o wotk chopge transfor complex formation has often been
snppested o B, | |

sompensubion ‘f‘ﬁmfwﬁmmf%% in dork conduotion processes of
tho opganic seniechiuctors is amohy tho central probicss in the
Fleld, Zocont Inbevost yiolded mony mow obssrvabions along with
some thavrotiesl dovelopuents,

The present nvestigation is conpernod with the senicentuetive
properilos, An particvaley the gag or vapour sdaorpbion effaet and
ho conpensation sffoct, of some nitrosrormotie semiconductors,

in tho sobgsquent seghions of this chapler we will briefly

raview the thoobebionl busk-ground.

'

The bond theery, origlnslly doveleoped for mebtalg, londe and
yalence cryetals has boon sppiied with sope suceeys to nolosular

aeystale s *ﬁ:@l:ém ' Jﬁg

in ope eleocteon approxinmution, the wave funstion for g
gingle slectron oan be wrliten ag ,
\PKCTL) = CPKCIL) exp( 1k %) { 3330



where the vevemusber veotor R = 5_1_;1 3 D iz tho associoted

ﬁz‘w@s lengtly CPK is the fanebion wirieh has the transiotionst
poriodislty of the cryatel luttive, If R (%) is constant
thpougaout tho cvystely taon W %o applicable to the netals,

tut 4 &, (X)) wveries greatly within o uait cell and faile to
zero botvoen adjocent colisy then the motisn of the clectron ia
pasteicted and wo geb o Mtight bonding sorgition®,"T% mis et
bording 4z n chavscteristic of moleculay ooystals. Upler this

: ;ﬁi&i‘%@mﬁﬁ&wg the ono olostron grystal vevefunstions Wi ave
eonatrunted from 1
functlons W%

neas sonidmtlons of ofw alectyon molesular

4N -
VR = N7 2 exp ik 2a)%y (R -%n)

&, (1. 32)

1loPdy, 2., lotatos the geonotriesl centre of 0 th molecule and §
iz the total mubey of molecules in the orystal. It i aseumed
B (o[ Xy > &0 AE B By

The aryostal Pield 4z soprosimated by s

=TGRy

shore V, is the Herteo Pook type of w@gmé&i of an isolated
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nentral molocules Eﬁzia eontatsts of three eomponents - V'r £1eld

- seting on the slectvon thet arises from all the 'f'mcla:!.,. v's the.

coulomb potentiul of the eleetronic charge distribution ani ¥
the exchango bewn, |

The agen value of Y, i wiitten as ¢
E(rR) =&, + &, 'I—L%/ EgCos(Ro%s ) ( 1.3 )
vheve e |
E = Sfxn L~ Qh A/;»_m> -~ &V“:\ >Xn 43
/ T A7 S+ 0
2 S | %n| Vants *
S

S%fn—rs \/'ﬂfs xfn al'j

-

)

l

1

&S

anl the loliice veotors ( 725 'y ang { = ko ) are counted as onae
in tho sguation { 1.1¢ 1, Ths peime on 2 4indicates that tho torm
with %, = 0 is onitted from the summation, |

Tho mﬁmwmﬂw rosonance integrals Es detereing the
structupe of the bonritl. Tho Pesonance integrals £01l off
rapidly with intermolecular distoncd and only nearest noigabour
intercctions ave found to bo dmportant, Tanetioml forma of Vg and
the apprapriste Xnaro wégum to gvalucte & o+ he bard gtructure
deponds on the ovyeial lattice stractnre.



I the Sntoraction bebtwaen Aifferent corrior apeclies is
noglected, then for senleoniuctor, where the charge cardiers
ave olectrons ( o ) abd holes (& ), the conductien equatdon ds ¢

vhare n is the denzity of the chargs cavriers in theiy vospaotive
bardsy ¢ 4z tae oleubronic charge uwnd U is the rwbllity of the

The dangities of tho olectvons 4n the conduction bhatl amd

VAR - 1V
that of holss 4n the valencs band erg given by }

| «  3h A
Ng = 22T Mg RT /) exp[CE-B AT Y ¢ 1.0

: 3/2.' ﬁ = ‘
wot M= 2CUIRT/RD) T exp[(Bo B Y]y any

raspactively, Here o reprogants the offective nass neay tﬁze
eobduction band L, for clectrons aond near the top of the valence
band B, for holes, By is the Pernd » cnergy. Pron { 2.22 ) amd

{ 2.3 ) ond toking By = Iy, one gobs &

S
Ec = CEHELY Y+ kT 1"% th/mé ) ¢ 224 )



gubstitution of tho value of B, from { 1484 ) dnto { 1,82 ) ar
{ 1,28 ) yields »

' 3/2- *3/4 ~-E
Ne=N, =2C2TRT/Z) memh) e AKT(&;%}

wiaere B roprosents the ohergy gap betweah the valance arnd condilce
“Ed6n bands,.

Bquation { .25 ) 4o applicable to an intringic. somicone
ductor in thermal equiitbaiun and henco the conduction equatisn
{ 3,21 ) bocomes ¢

i
AN

¢ = o exp (~E/pT) { 3.88 )

waere 6, = 2 (2TRT/¥) CmMe My ) (Met M)

The tutneling, on oul comg of the quaniun oochunidal conoepis,
is o mochuanisn in which o partilele without oven acniring enough
GROTEY can Snas Shrough o potential barrius. ey odd &siani@am
have ordginglly ppoposed thut the dopk eonfvation 18 poscidle
through this wmochandsm,



in durk conduction, the chatpge corviops penetyato an
intermolocular potontial burrdor, The rumber of Himgs sh elestron
pénotrates this barrfer givesz n weasure of 48s dpift velosily
{ Vae Ie If tho not displecensnt of the slectron upon going
through the bareder 45 ( o+ 1 ) then the drift volocisy is piven
by ¢

9 ' .
’\ﬁde:(-;t—> (a+l) (PR = P) et )

yhers Pa and Py, am the mmm penotration senstestdsi probabis.
1itieg 4 tho Adveetion of the field and In the Psverse directisn
respectivoly: ) 45 the distanse acrogs the potontial well of

width o and \J, is tho velocity of the elsctron in the (—’;l_ + 1 JEh
level moving botwesn the rotantiol wells and is equal %o [C_‘;l +1)
Ch/arm& ) |, the currsnt density wileh iz oqual to { heWag )
thug deoomes

: 3y
L=[2C2mmE =T l/y? JLexp-E/amr )] CE +1)-

eh Catt) CR -P )/ Ly & )™ ( 1.312 )
which 4s of the form of the conluctivity oquation s

Lm0, ¥ ooy ( »1/2RT ) ¢ 1.318)



Hopping 1s o priécons in which g charge coreder on o rmlecular
sito can move to the othey by moving over the bopricy botwoonn
the sites vin an avtivotod atute,

A siople hopping model for ‘thy darkt emﬁaetim in organic
gzolids bos Yoen napplicd by 9432}15@ ant by Pohl and @mﬁg, In the
hopping progess, thoe motisn of the currlers b0 the noighbouring |
gites 1o Pobpdon aﬁaa;{z}%} for theo abigotropy causod by thoe appijed
fi0ld ¥, Hepplng of the carplers doponds upon the followilng

Faators ¢

1} The average angle of hopping with the field Girevtion,

2Y Ths intepuolesylar dletnnes, '

8) Tumber 6f the noighbourling sitos,

&) i?reqmamy of yikrotion in the tue diveetlons worml to the
carricr motionts direotion aoroas the barrlaer, and

§) Tha bovpder height,

1 '

The interasction of the corrlers with vibration in the latilce
iy nlso give i‘z@mﬁzﬁg of charge carriors without hoving these to
oroas the %;g;rg@@gre‘gf,. tor hopping. 46 1 emsantiold thot the
relazation time 45 ¢hich tho oleetrons bops frot & site o the
another saet bo vueh greater than the peried of o vibratlon,
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A xmz‘i;amsa 15 on enbity of clectron sccompenicd by o localised 2
- yvibration vhich woves theough the orystal under gomo elroumstances
when electzon = phonon intorection leads to the slestrons belng
trapped in » geli-induced potential wel m‘ﬁ%& 4 Dajor conteibution
to the polaron formatisn comes {ron the noleculur vibrations.
Slow iotermologuler vibwablons of the latbles wealkly satopact with
the carplers sod ean be Bogleated, @ﬁ.@mﬂﬁﬁﬁ hag é’iﬁ@ag}i.&ﬁ?ﬂs’? = h
@z&ég&;ﬁ@& the

moloculor w;ﬁm& with ons excogs elesteon

(1)

whers 'E“‘f@ 453 the refused bass of the o ﬁs@i}i&@%ﬁ; w 48 the
fregueney a8 A :za is the difference botugen the ﬁigmlmﬁm
Adstances of the mmﬁz@l@:. G the dom,

By tveabing olactron @varmg 08 ?%‘%ﬁ%‘f&&ﬁﬁ@ﬁ, the fornation
of 2loch=bypo M&J fron polorons are shiained, Those bonds are
mrmww than tho corresponding oleotron bands By o vﬁ:«mti&ml
,vwmmg‘ faotor, Tholr width ago sporoxinabely gival by 4

VERVIN
. (o+v)e  (Bokw)  [expCErhmw)] (4,
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whers U and Y are vibrational guantum mnbers of the neutval
modecule snd the lon respoctively and Iy 4s the half width of

one slectron bond in tho tightebinding approximation, ﬁ?&ﬁa; thore
axists o geries of polaron ?ﬁamii:s below the electron band.

at a very low temperature, corrlers will oceupy the lowest -
 lydng poloron bard and will have very low mobiliby restrioted

by the lettlce phopon scattering, In this case UL ¥ ~3/2 £ T
Higher poloron bands will be populatod wdth the rize in tsﬁ;ﬁ}z@a@m
ture (T} and the effective band = width will sxponentially
incrensge with T, no T approchas B, /g 5 the mobllity is governed
by the &i@tﬁ:ﬁ%ﬁi@ﬁ betwoosn poloron hands snd the olestrom daid
and tho t;rfmsg,aézft of -ewﬁéxfa bosonss on activated hoping process,
{ drL 7 47 ) geodually chongos Yho sign, As T dzuesis Eo /R s the
distribvution over the burds is apyroximntaely m:ieagmmea?' of ¥

tompepature,

For the strongly bound polavons, we bave 8y, 4§, o
B >>HhWw >> 2T d o o 4 clestron should then rezain on a
lattice site for o mich longer porded than the peviod of vibra-
tion 4n order to got poluron formed. At bempersture Ev/k  the
polaron will Aissociote tharmally, “hen the width of the polaron
bard 1o approgicotely sgusl to ‘%w ¢ tho eleetron will nob ramaln
on the Isttlco gite mng@ﬁ than the porisd of vibration and go it



ke

 con be gadd to ddssoclate "v-ii;._u;at‘ieéﬂ&?@ Slebvond applled ihis | .
notion to tie case in shlch the corsder moves by uctivated hopping )
process from o mzmmn band to the electron band and showed that
M < 3 em™d yo1e™ 1 g0,

~ vhen the eawﬁﬁrs ‘interact strongly with soleculer vibrae
ﬁ.ﬁo@a, this miw:a@%im whould be Included in sorsth order carrier
wave fuvetions and so the seperation ints slostrontc and vibra=
- tional parts of the total wave fabotion Lop the epystal s no
ionger possible, The elestron vibration mis:aéaﬁfgﬁm pesults in e
naprowss bund - widths, Tho soupling oriteric hes boen disenssed
by Ho Hao am $£@¥amm&m and are g@ﬂ@mﬁiﬁé& by z}mbramﬁ? in
. thrse 53&'{%&@?}5&

?"mszg wo wim digouss tunneling and h@g@pﬁm of pulorcns
ﬁzieﬂy. vhen an electren is surrounded by ¢ clond of phononay
transition from site § Yo J'results in the «@aa‘i;mm&m; a0l
ereation of the elowd at 5 and 3 respactivelys Tae elestron s
seattarsd many Simep during the Jump due to z loygsd mizber of
gmissiong und abgopptions secompanying the teansition, - ihen
slactron on 5 aite in trapped in o pobonbisl well; 4% 13 ¢o pass

& barrder of height sgual & the polavon bAnding energy. The
'. _ passage may ba tﬁmﬁ.iﬁg oz hepplng. mnm&%ﬂg appiies whon the
vibrationol sites involve only o fou quantc and gre well soperated
- ghile hopping apriles when a lorgo aﬁmb@r of oxcitad vibrational
states ape crovded Logother and eonsists of randomly performed




jumps, IF the phonon bandewidth excasds that of the. polaron band,
the dlspersion of the lottico froquencies inteoduces emvugh
poamlonneas to anndhilate tho pelaron bend sthuctare, Tho crystal
ey, thehy bohave 1ike a liquid dvop 4n this eircumgtonce with
‘reopect to the cargior x‘:mmxm*i; { tarough hopping J and the
nobility ghonia m:s!; ehmg@ ruxch tpon malting eontrary to thst
generally mbgm .@ Thus, the mechahist aﬁ carplar Uiansport
in molscular erysiols &s thought to be mmmzs mmzmmg, Tunne-
1ing ts unalogous to wave 1iko motien and the transiotionsl
pynmstey of %‘h@ lottise mooossarily imzzlmm o M@gﬁ* Thé
thormal. motlon uay hovevary deslroy the translotionel gyonotey.

whon o gas & allowed to coms to equilitvdum with a solid op
ifquid surface, the concontyation of the gas wolecules is slvays
found to be gwwwr in the Mﬁasa vmmw of the surface than
in the free gas 4059, mgammsa off the mture of the gas or
amxrfaca,. The mmaas by vhich thie surfoce sxcdse is foundt s
terned o ﬁ}%ﬂwmﬁﬁ%" ‘@, There ¥ tud types of sdsorption §
Phyaien) and L&zmﬁal, dnponding m’z tho mature of the foroes
involved, Fhysical adsorption; aim termed Tonder waals adssrption
( binding energy of the order of 10 %er 0™ 14 cogsed by
molosular internction forses whm*aas chemieal adsorption (binding
' onorgy of tho opder of sevaral W?@”%} fnwnlves tranefepr of




e

olestrons f.9,- & gtate of é&%m&m% binding /%ﬁﬁ%@ﬁ the solid
ahl tho pea. Tho ghapes of the adavrptien imﬁmﬁmﬁﬁ%ﬁ&@ which
ope the plots @ﬁ’ frao enersy dhshge ag o function of the amount
of vapouy adporbel, ¢an also yicld quelitative information about
the odeorption procass, %;«m&w&;&%&m i5 of intovast in 1&s
suggosted role ag o pravursor glage of chemisorption snd &6 the

avaluatdon of the adsorption mmﬁmg‘eﬁ%‘

vardous agtompts have beon rede to uhlerstand the natuss of
the vaplopr wanls feﬂ:@mﬁ‘?‘“‘95 Tosulting 45 poveral fovrulations
of tho Intewaetions, The method pregented by fiﬁimz%‘éﬁg uges

clnssiesl dipole = dipole latepsction @

botween e gog wolooula
and the so1id substrate 1o the ovoluation of the vanler wasls!
mﬁazmﬁim and Heitliaepwordon ooupling scheme §n the satimation
of the repulsive térn, The ealwulstion of ?mmgamﬁ%sg on the
ather hand is bogdd on tho work of &ifﬁi@ﬁ%ﬁm and boyaloshinskil
2% %‘?ﬁ; wiers o unlfoin continuons vodel of the surfade is emploe
yed und dgoores tho presohese of the repilsive forces entively,
The neglect of repalsive contribution o the energy of physisore
iption of an enuilibsdun position for the physi-

tlons intvoducedl 4n the exprossion

gorbed otouy ood the approxins
25, vor atenie vapour

For the onergy couse serious difficuivle

phion, the assy

sdgorption on Mol gurface, e ettredtive and gopulsivo contris
butions o the physisorption intoraction enarpy are dorivel fron
the nsawoption of wealk coupling botwoen an shon and o pelal

B

guvfaca
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The effect of adeorption upd dosorption of oxyeon ob the
ozidas of coppor, niokely mopgonsese and sine of extremely high

@m;iﬁylw phows thot the vate of odsorption of oxypen is o function

of the puwber of veoapt pitos prosent in the surface. They have

considered the firs: ordery seoohd exder and exponentisl miamcm- -
2: .

&‘Mp& B ddt *”E@t, OﬁI— = Bl mﬁ dN¢ wqe ~(Ne T POphte

dt
tively, where Iy ¢ the minber of gfons adedrbed ol time g Hy

a a0d o ove conghunts, Devivation of these relatiosehips were
perforned by tuny suthors by neasuring &wmtiy the anount of
58838 &ﬁa@rbe%m*ﬁw&}’im « Bray at _& hove shoun that the
gxponential Apim in & betbop overall &pmmﬁmaﬁi&n for the
comploz oper procogs than for one obeying the fivst arder
tinsties or u corbination of the sseend ard first order processes
&t the initial ond Final poricd of adsorption regpectively. In
-- working m&ﬁ. the kinotice, the cssunption mde by Gray gk 21 fs
that the zzmmwﬁ somductivity e oither proportiomil to \ﬁ% ar
te e In 20mY cugen of vapour adeorption, sdserption tinme
eRTVEs 2@12..@@‘ the ﬁagﬁa&w « HelGovich eguetion in o 9lightly
modified form,
.ﬁ@sw;séim of woter on gine proteins Followed the

m?%mauar - Troobt < Tellor { D&% ) isothorn equation

[(B7vea-x)]elagye] [to-2dp] 2 ¢ 152)

vhere ¥ ig the rolative pressure, ¥V ls the adsorbed wapour

1533 § o0y
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wrpresgel. 46 goe pop m g of the pdeovbate, By plotting tho
data aceording tn €ute equationy ¥y, ond C con be dorived fron
slope and inbovecpt. Herg Vg 1o the cgaantiw of gfdgorbed vapour -
correspenddng to the ponolayer snd © 1s a constant roluted to
the hest of edeorpbion, Heats of ontroples of M%ﬂﬁtﬁw o be
sveluated by thersodynande bethodg, A% low enveragosy the |
strovgly nogutive gubroplcs of adsorption in mony protedns indie
sated by localimation of watser molasules on polar groups. Fositive
gntropize of a&s@z*g;tim at lov covérages were obsepved fop
arysballing albumin which ig attzibuled 4o tha e@m‘ﬁgwaﬁﬁ;ami
shahges induced 45 the protein choins, The subject of adsurption
thermodynanics hoe bosn developed by MH:&%(MBCM;

The coupstisntion rule or Weyer-Heldel rule, o linsar
roalutionshipy botuden tho logapithn of the prosoxponential
fagtor { ¢ ) opd the asctivation energy (), hos been a gublect
of great mt@msﬁﬁ@“&}’ 96=09
vours, It was first noted by Wany &t __; that fﬁ? a vapicty of
- polymolear hyirscarbons obd phthslocysainsgy the valge of

varied over & rungoe of 2670

and mm‘z;rwm‘syw@ m"" for many

ard honea & roush corrsiation exlatad

betweah the D4 and o . @z&tmm :&;ﬁ ‘fﬂy@es&@ ghoved o linsar

ralationship of the form e e
lrg o, 2 XE + P ' : £ 1,61 1
for an ontirs class of substances vhers « akd B are
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gonstantoe Cardoy and | lﬁy% bhave fourd o simdiny typo of

gorrelabion to hﬁazf‘i for o soviop of aoino aolds and protelns,
Rosorbory of g@ Y ehoved evidense thot this formuls is valid
for o single orpunin substonce vhen © 3o voriod by hpirabion
and somplex forpabion,

Sevorsl pechaniong, napely, the chorge carrier injection

méglmgﬁ tho tunneling of olostvons from thermally activeted

- onergy levels thuough intermolesular potontial :wm?s%;
theraaily ngodeted tunneline ( TaT ) asd pochdefinteinsic comdugs
ﬁi@ﬁm@ vare disengsed by o Dunbor of authors 3345y 105, 106 for
the interpretotion of theo componsation affeet, A simple quantum
nochanicsl mdel Hamiltondan which deseribed the physiesl ploturs
£ the *Conformont setinfring both the offects was wam&é&@’%

f‘immy and %?a&mnm&' abiampted o derive the ﬂ%g:*"%iﬁﬂ mle

in the thoeory of rabte processes within $he guadeatic polavon

an Spis polaron modsles

A mﬁe& for the ponopatisn of the charge cavrievs in

307

- organic substances wasn proposed by Green” @ whieh cssumos

injestion of charpge corrdors at the surfoce of the vrystal dna
nodificotion of o fors of supfade bharrler ;}wwﬁwﬁ &y Earﬁeenm’%

secording to ¥his model, the proesxponsnbial factor @

o Mg CRT/h) Ko { 1.838 )




vhers T, 3o the cavrler donsity of tho electrode, R 4o
Boltepannts econstanty T 45 the a beslube Lumparatures 8 5

- PlantkVs eonstnnt and X deo the tronsmisgion eoselfialent gor
tunneling '@ﬁwam%ﬁ the mwm glvren ﬁym?

bk = -4 (37 my (&)
. 3/?_ 3/_,_
[Qx‘ EarT Za) = (3%, = Eat) J

{ 1.538 )

- Here ‘ot poeproaonbd the olecliroh rass, Xy and Ly o8 the vork
funebiong of the olectrads and seniconductor m@@* sivalyy B
ig the onergy obluined fron the slope of & In v ve. Yoy plot,

tat s the bavrler width and 2 & { X, ~ %y Yae Aseuning By <
3@.25 o the pight hanl glide of aquabion { 2613 } fan bo appros
#imated $o

2
anlﬁ: A"‘BE([;-—{_CE&\LI: o
| ) { 1.634 )

whene »

’A_::—ancsz) sz/h"') [G“ tza) lx J ¢ 1.638)

S Y, hro o
B = am(z) /)" [Carzad =%y ] ¢ 1.615")

' -1 Y. | -y A
C =-4m(32) (2") L[(X,+Zﬂ)/—x|/?] { 161"

&at ,



w.

For reagonsble walucs of the parancters involved, the term in
Q Baot cOntributes spproximetely 307 - 207 of the 1inear term,

if this guadratic torm g neglectod, eimez‘%iﬁa' { 3.-.;:&1&?& 1 poduces

to squation { 1,81 o Por the validity of this model, X, mist

be greateor than 3&3 whlen is getogally fuifilled in piactics,

The organic molecular solids congist of molocules with
potantial barriers surronsding thon. For sleciricel copduction
the olectrons have to pass over of thvouigh these barriers, The
firpt popsibility roguives hiph oobd m‘!‘;mn anerglios where 4
the latter rojulvses o long tdme. If thoe effsctive wnll holght
8, 1s swaller than the total holght ¥y, the clections can %ﬂﬂé@&
fron activated lovels of energy T thursugh the pobemtis) Bovrier
ﬁﬁiﬁh@ﬁzﬂ roquirsing O = Ai‘?a Then the confuctivity o7 0) oop-
sists of thwee parte 3 (1) the teporaturs dopordent  exponertial
| part (2) the exponesntisl part of the baprier trangnissivity aml
(8) a factor o conslsting of the ‘mﬁ#&xpﬁﬁﬁﬁéiﬁi part of tha
varrier transmissivity and of the propagatlon charadterdstica
f}f the olectrofs within the nolesulss, Supleying thes berrier

tpanstiscivity caloniations of Wott and mﬂ,ﬁmx 208

oy

Y
"(T) = o QfP[ ) (2m"E )l] m,@mz



Por the stuars borrior angd
- ' > W 3/2’ | .
P(r) = 0% exp [~@%4y) (2m™ ) (Ew /E1)]

exp CE/2RT) (16218 )
for the triangalnr bBareier, |
f’s’e“xﬁa t5f 1p the bovrder width .am m 4is tho offcotive negs of "
%;m elostron 4n the mf}&%ﬁ%eﬁ mfm’* involved 4n the tunnsling,
2he barriey holsht By 45 equal to or less thaw the fonisation
potentiol of the polosule for the sguare and the teiangulsy
barrier peopechively, The tuaneiing electron will axperisnce a
potentisl valdh is the sun of the sppronimate eoulont potential
abtroacting the clectroll %o o positive fon ahd the potential of
plactron affinity of the @fﬁgi@mﬁ? m&mi nolosuley both
pupying smoothly belng approximatod botler by the tricngalse
thon by tho sguare baprler, For tumnelisg wodel to be satiefied,
z < ? miat bo soblsficd, othervise therd wonid he v tunvoling
ani a},wtf@m would poge ovey %&m '&ii&?f‘i%%i‘, Therofore; substitus

ting

in aguation ¢ 1.88%1 ) and @gg‘};ﬁmﬁw the fractional powers of
}S in a sovies stoppine af the tess linvar in § gives
o%T) = e%p [c2a/5) C&m E+D ~ IR

exp | [a/,ﬁ)(zm/ET) E:l e »p (— E/2rT)
{ 1,688 8 )
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and
(T) = oo @xp [~ 44/5%) (am” By 3 "]

QxP[CZQ/_h>(2_m /ET)/L ] pr(— EART)

{ 1,628 b )
for the square ardl trianguler barrder respectively. If B B,
but cloge to ity n be%tér approxivation is reguired,

For tho maberiols abeying componsation rale leads to
B, 2 Bev ond € ev for the sguare and trilabpulaf barrioss

gy
respectively, Only the last walue X,¢, 6 ov is rogsonable so that
é@,

the aativation ffmwsﬁ@ are well baloew the top of the
barrier in m&e%z casd only the tuungilng model ix;’éaeca@tzaﬁm
amd is ngxlaiﬂ@fﬁ subigfaetorily hy the $risnguler bdavrior, If
= 300 By, the intermoloculor sepwaﬁi@a & 2 3% :10"3’%
which % quite Justiflied. 6o the effective muss of the aleatrm

in the acttvebed lovel i of the order of 100 slectdon Buszes,

At effestive mane of 100 myy considersd in the clectvon
tunneling model, 1s mach lvger than thoss predicted” 3305333
in the narvow shorgy bands of organice senlconductors, tunneling
of small polarons ir thermally activated onargy lovels iz

possible, Holstein' - defnced the mobility s

P
= (el /a7)(Tpot) {1881



where 1 o the periodicity length, T 1s the life-bime of the
polavon in & band state and Jo~ 4s the smell poloron bandewidth,
Banstion { 1.651 ) iz valid for ¥ < Or4, vhore O ic tho Debye
tmpwawzﬁaimg atd alsd satigfies the condition

so that 211 staotes in the poloron Laod are egually poraloted,
Tua cadvg of small polaron fhoory may arise, The porture
bation esse for wileh 3 < b @, |
30 =Bl exp (=Y ) { 1.633 2 )
cand the adiabeatie case for wileh § > kW,
J, =2Fw, QXPC—{) ' { 1\.633?}}
1Y Y =B, & w ity )

z?,b 49 the polaron bindiny shergyy O, is the optical vibration
Crequeney ofd 3 %8 the bopping inbspral. Tho polavons vhich
oxist in a poleewlar lotiice may bove strons fonic propertics
upoh cotvlex forpation, In ap jfonfc aystem the coupling ean ba
azpressed using the effsctive dicloctrice cotistant ag

zlg = 3«!» el 3/ s ( 1;63’% }
% hm E

whore ¥ anl K_ are the stetic and high froquensy dielectrle conshnk



3 .

rospoctively, The coupling :m a pelecular lattico can also be
im in tamme of EC « Ssainilating both effecks lato the
offective dicloctrle ﬁﬂﬁﬁ:ﬁt&ﬁtg the binding energy of small

polaron beeonos

::-:h‘m%é:m /?ﬁ'ﬁ { 1.6385 )

yhore *rp' 1g the rodions of fiw il m,"i,amm pid may bo losg
thsh nif tho ;?-@:%x;‘isé;,cﬁ.’w length *1', The change in the poluron

binding energy duc to cotplex folpntion is then given by ¢
Cor 25 v [y (o)
By ’-Eu ; { &= /. X‘I} b [’: 1.3‘;{:2} ) 1/ 5‘5* }] {1.033)

ﬁii@&"& the supersspipt (o) sigrdfios the original oeniconduotor.
Koy amd 1*:{ %) arg volated to the refractive Index, whieh is
- probebly invanient, so thak

{0}

A A KA ™y m () (1837 )
sinilarly

pact® s (- [c.%;{@?a - M {l ( 1,832 )
where :gfm} ond U are the activation onevgy heforg snd afber
gemplex formatien, cubstituting smuotion ¢ 1,638 ) in



equotion ( 3.637 ), ono gets ¢

By = '«;;ém + & (B 5% - 1) B {3,898 )

o)

oSy B4 8 %, = EAL By S dmvariont { 1.6330 )

ﬁw, the conducbivity ean be writien as
N ot = ne.pL = N QXP C_E/Q_\QT ) e (3@6313 3

whers ¥ s the mnbor of elsetrons per unl% volute availsble
for sotivation, Ysking use of the squntiens { %631 ) and
{2,833 ) ond { 3,080 )y eguation { 1.6831 ) fmf. ’i-;@ written as ¢

V—CNQQ\CJQ BQXPl F o -

o
exp{EKtwo) —(2rTY ]} |
s ‘ | € 3,8813 & )

[o]

l f«w the. parbarbation mar Gl co) .
(2 =
= (MELT ) ) exp [ .b i

Wﬁﬁfﬁwd—%ﬁhﬂ }] |
{ 1.6312 b )

for the sdiababls oo, 4
 Foz the g;ﬁfgtuﬂha@i@n ease, 4 and thus the rigld ia‘%tiw



bandeyldth ﬁa@m&%‘g afn the dopth of the activatod ehergy level
belov the top of the twnnoling baryier and on tho shape amd
width of the bavrier, Fpon ooucbion { 1.883 )y the formmls for J

is glven bg%

y .
7= resp[as) G E]
| { 1.6218 }

xezhéw ‘ )7
_ bR
= Io’lexp [(-4a/h)(3m ELD T |

d, balng the hopping intesral for ¥ = O, ‘
cubstituting equation { 1.6213 ) 40 eguation { 1.02:12 &}

we ped 3 D)
‘ + E )

& (2K,
- NRL\C’ (_) exPQ _hwo

exb EESLC“RQJO) + ‘{;)C"E? CQRT) %:l

{ 1.,68318 )

Tharefare equations { 1.8012 b Y and € 1.8815 ) ave in the
forn of the congensation low, |

Remony and Ooklany 2 moted that b avperinenial Tomporae
tu awres, aell polaren tunned 1@3 is rot poosibley so thal within



the sasopbion that conduekivity is Qﬂ@;ta'saalz gml&xﬁn
notiony hopping rothor than tuonoling rust bo the domdnant
sonduction nochardsn, Bus polofon hopplny esn not lead ¢o the
esonpenestion effoet via the mobility alone, Thus both the
eloctron gecupancy marber o' and wobliity t A Y are thought

to ho the ‘soursen for the compsnsation low, The mochanisw
postuisted by Boneny and Goldand is an igteraeﬁiﬂﬂ batyoen the
olactrons and the vibroational motion which is able €o explain
both the epormons eshubdstont in the conductivity and the
ehmpansation @ﬁﬁéﬁﬁﬁ & chanps 4n aleeﬁgaﬁie.statﬁ»givag Pise to
al activation entropy A & beoause of a chango in vibiutional
feapmencias probably aﬁmémmﬁ with the conformtional ﬁh&ﬁg&a
and this wmm sontritate 0 the prefoector, giving its peguired

erfiancenent,

Raplan ond Hohantd®® consilered only dho conteibution of
tnf to euplain the conluctividy enhancenent sbl the cospabyae
tion effect, Consider o golid mdesup of Y, larger organic
molecules, Duch molesule has only two elestronic states with
ancvgies £, < €, plus vibrobiomsl levels, and the total
- mumbor of oloetyons is 1 por molosules The vibeaobional frequens
elos are supposed te be difforent depundihg on tho ocoupansy
of these sleotronie statos, Alsd, electron spin is nhoglected
for gimplicity, Then the thysichl ploture of Yeonformont is
slenrly stbodied in the Hanlltondan s



Be % €> Miy + g;-w&(“i\,”il? (Nik+ 2 ) ¢ 12.0821)

whore 4 & 1,2y -~ - -+ - - B, lebols tho moloculosy V = 1,8 labels
the cticealoctron stotes with energles €, L€, 5 (M) Ny,

is the wibrefioml frequoncy for mode K (with K = 1 )y and,
a8 the notation indleatey, Oy depoids ob the elactyon occls
paney fanbers N;, which have the possible valnes My = Tyle
By lobels the statos of czeftution of the & th vibrational
mede on the 1 th molesule and takes on the valdes O 1y By
Oy Bo { €,-€, ) 4s the clastoonic envrgy gop, I2E = 3 ov
amd the tomperature is arousd roon tomporaturs and below, the
pugber of eléctrens pop molscuie to the 'ﬁpﬁ@r oi anniustion
botd is |

M= exp [- B (B +a50) o)

where A%, 4is the chavge 2r vibrational free onergy in
eresting ugbound elcchron-hiole palr. In the low abnd high
tumparature ragion

n = Mo exp C‘Eeﬁ-/ZKT ) { 1.643 )

where G,pp iz the modifed netivation enorgy. O which
sontributes meinly to the froe snorgy choasges 48 o
For RT > <,
_ o |
Ce = B, | | |
a A
No = exp ( & ) ( 3,644 )



and for RE <o 4
b = B+ T [ 0L 40 o0 ~2 0, (0]
M, 2 ‘ ' { 2.948 )

) D, 1) w2 0,0 ¢ 1,646 )
® Tz (ke

Thugy 20 sctivebed bohaviour with an embabced 0, 1g obtained
for nigh tempersturs vange. Agadn &, 5 €, L.9. there is
entpopy evhanvenent if {60 KL W Lo, 0] [cow 1, 0)]) }<3 whieh

s Ehot AT thigre 1o on avergpe softonisg of the wibrational

Pofps UooR the crostind of the supvriers, in the lov benperatupa
robgye, thoe enbpopic erhonsonent disabpoars, and the activation
ehergy fs mdifisd by the sércepoind onergy. ‘

in order o obtodn conpensstion buhovionr fren this nodely
the vibeatlons 3B both the electronic ehargy goy T and the
activation ontrepy 5, in going from one wembor to nothor withdn
& glvon eloge de considered,

& theopy for eolectyonie charpe teansport ag imvelved in
kinokic procosses bos beon dbvived by Hemeny and %%a&zaa%ﬁ,% for
qusdratic goneralisation of Holsteintz one disensional linear

22

poloron theory™ ~ e To doduce the eguetion for the tpanslition



yate per wolt tlme they considerel a system cousisting of oho
ploctron anf two possible sltes { 4 = 1,82 ) 4n vhich the
giectonn oahi mgum, There are B @miim@@m sorepsporiinge to
sach site and & 1o the &32%‘&'&% pie tranefor modedy olenont
batwosh twe sites, Thusy do shsence of the fa‘% cotron the potential

‘Jﬁm, ‘%g is piven m:sr

Kz XL},L

1 ' ' { 3,683 )

H

uhars Xy L 15 The dieplasapent of the Ltk sgedliator from
its sguilibeiun vesition and E 4o the force constant,

uhen the olestren ds present ab the L th site it couples
with the ¥ ozeillstors aosooiasted with that 2i%e apd thevs 1s
an ofkra Sherey q;, whitich %o glven by ¢
'L .

N b
—8) X A2 X,
CP:L — RAVI T
W= | M= ( 1.852 )
wirich 3z o gonoralisation of Holuleints linenr polszon podel
in which D o= O and § w 1, The probability thet the olestron

dnitially ot Yho pite 3 goos to tho site € io given by 3

.2 a,(E)
1 2E = J.4, e+ CP‘CC) O\"Ct)z

P 2% a,(Ct)+ CPLL‘C) a,Ct) j{ 1.862 )

ok



where ag (8D 15 the slestronle smpiitude ngsoclated with the

1 th aite at time ¢ and q> (£} 4e o fanction of time thyough
Ty o e T Nguation ( 1.863 ) 4s valld orly in the pevturtotion
1imit, L.9., for small & In this limit, the electronic 4ran-
sition rate is obtalined after carrylng out the thermal avercge
over all possible oselllator co=opdingbes and veloclitles, ot

b

tine b = 4., whore b, is the colncldence pointy
t — > (£ .
arl can bo mr:;t%e&n 5%

DCEIZ (o X uEDd )= d>( Aol D=

{ 1.685 )
which peprasents & £ 89 » 1 ) dlmenglionnl surfance of statfonzey
ghasa { 0P ) in the space of osgedllator evordimates (X" »
ve e X « .0 Je The linsar tern 46 aguobion { 1.682 ) can

2 M
‘bo pepleced by & simple transformation ¢

T T T 2 YT ¢ 2,656 )

----- Haking use of egaation { 1,886 }, the aguation for BSP may be
denoted by '

2 -
Pt Hy=B[L(ED-sC)]=0 { 1,657 )
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| o Vo
2 Y and S — v ‘ |
e _Z; LU Z: =H ¢ 108 )
fie pariadions m 7 (t) apd & (m are linouy é.ﬂ ey m the
fielghbourhond of &, and
pe)= Pl )+ Plt) C -t -
. { 1.650 )

The probability of & sito Jums par mmi&m@&hﬁ Wy 28 givon

by
. . 1" N
WC — 2wy / fay th_) | :
' { 3.8630 )
For lovpe Jy tha giwmw@%im aag:gzmxma%m £or W, bl‘@slkﬁ
dewn and the adiubutie xmmt}zﬁ,m%@ngg“ is uzsd,

it Gupotds Wpon the positions ord veloelitlos of the & ‘
osoillatiors associated vith the two sitos, The transitisn vate
per undt timeé io obdained feom the probability that o codocidew
neg pocors 40 the dntorval € end § » 46 for o gpeeific positdon
vologity sonfigueation of the 2F ogeillistors otd then corry

B
ot o thermal avevaging over all possible configirations wileh
s valld in tho partusbotion Limit,

Por & portisnlar configapation ¥,y (81, X, (O )V, Mﬁt))
: ' : = : . the probability P, that &
AT DI = LN s 7 Ve |

S
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coinoidenco will ocour during the time intesval © amd (% 4 db)
ia piven by the proportionslity @

Pe oC SCCP.-*C.PQCG'% -, € oo )
Tha ﬁmng;iﬁizim rate por unit time R,4s \»&i’@f?f&? by
R = B’z | | o ¢ 3,553@)
ad  F = zTr J (ﬂ/?—) [ F(K-i— [3/13]
exp ﬁNA [ (vvom)" (5~ ;'>:)

{ 1.6513 )

vhore = 1 49 5 32 cvol ol & = O AL B 45 odd, Thaa

z= (KF”> <(3(K+B>> e Pl; K+ B)

116,116

I the Ttheory of pabts procosses the tram&%;im vata

per ualt time, 2 %o given by . /
=Ky ©0x [— AET + ASP]
R= PL=P R { 1.6815 )

whare K is a teansnicsion cosfficiandy AR 7 ema &F ave the
aetivation enorpy and enbropy respectively, and the freguoeney V) is



gaven By h~> = R 7. Considering squatdons { 1.6512 35 { 3,0838 )
and { 2,854 § ond comparing with eimation { 1.80515 ) one gots 3

_ARQP = N chra,[,ﬁf;c K B)/QK+ B/:_)]

P "7__,"—‘—-4'“”’]“
AE ’——‘—;};NA {\L—\—B 2%+ B ,

ond t s3> L
J =
ko =2 (L) L8
iz ' { 1.6636 )

From cquatdon ¢ 1.65616 ) 1% is evident that 1F B 0y it da
Aoportant to have o nonzers value of A { llsesy coupling ) to
get an netivation energy which ie aluays positive vhether B is
positive o pogalive, For B L ¥y the activotion energy le

N AT 6B :
o |
Ea = TK [ . < | { 1.6837 )

For pogitive B { hardening ), E, Georeases, vheress fo¥ fogative
B { Softening }, E, insrosaes,. The astivation 'm‘&@%&;}? Eu
nepative bath for R > 0 .m?:i B < G The linear tars does not
sonbribute to the activation entropy, Thuss the guadratic polarsh
modol hints out o %&ﬁ@iﬁ&ﬁ:ﬁﬂ rate which iz always desresiod by
the entropy effect, foth A &° amdt A P are proportional ‘E;@‘

¥ which provides the compensotion rule and 7iclds o fegetive
AEF
A sP

- gompensstion touperature T, =



Sedn polavon o megnobie polovon model fmvelves the

psoupline of olectrons with o a6b of epins.

Lot us conglder two electromie sites oach coupled ﬁax g
gl W, p{isLBand Py - ¥ ) each of which cad
toke twe wgﬁi‘ﬁsm opiontationg, f.eqy Mip =g I In the
abgeney of ﬁm slestron the ebargy of *:ém miﬂa agsoniatied with |
the i th sits, ¥, 43 given by o

V“L ’—-B Z M’LP

P=) { 1,963 )

wﬁ@m is somo sort of magneblce £iold vhileh tends &0 order all
the szg%iia:fs i ono specific direction. If an olestvon la prosent
at the & &b sibey then 4% couples to the ¥ apins asseclated
with that site and the additionsl interaction enurgy betusen
the eleetron and the sping, . 4 is glven by

Cbi': 2 R Z M'LP
p= { 1,868 )

Thernfure, the ebsenco op prosence of an electron losds o
agually ,@t rong Bud oppositely oplentsd mugnetle fields on the '
apdis,



go the transition rate por unit time,n,is propovtionsl
to T /o ond i3 gi?eﬁ by

- N
— g~ e FB ~B

£ 1,863 )

Bauatdon ( 1,660 ) ﬁ&ﬁh% that, 1ﬁ syiﬂ polereon models the ,
transition rate B ig getivated @ﬁl? for temperaﬁuﬁaw RT <<By
wheress for RT 5> 1, thero is ho astivotion enoygy. 1% is due
to i fact thet ot hish temperaturs, both sitos ays es ngeneially
disordared and appenr Identical from gqn e&estram!@ podnt of

view, ot low 9 and 1&?@@ Hy e
£8%/0 _ AE/RT
R=Kv € e

{ 1,664 )

conparing equatlions ( 3,800 ) ond { 1,684 ) we bave,
K9 = T37/ne,
ééﬁz 2N In2

LS ( 1.665 )

and AE = 2NB | |

Here, both A amg AP ape positive and propogtionsl to ¥

foliowing a positive sompensation bempergbure ? = jgéqi » The

artivation enargy 8 19 sorrespords to £14pping of half the total

nunber of spins at both sitas.



CHADRUR » & ,
CEPERDIEHIAL e SU0WUP we PROCEIURE

In this daapter, wo dogeribe the gonesal orperisental
technigues ueed i e prosent iovostigation on the #ﬁﬁaﬁﬁeﬁi
proporticg of oeganic seplconductoig, Dotalls of suy pupbleulor
axporinantyl proeciure will be deseribed 1 conjunction with the
disetssions of the reeults thereby obtained in chaplers O apd 4,

Fhe Castean Opgonie Cheslealsy, vibrosovorutic semiuonductors
uyed An tuis topestipntion are O-ndtvonntbrocens, Renitrofinorons
344 dinitronaphihalenny 1,8.0-trinitesbonnent, Owy 0= aad
penibrsbonnole aclde daloh hove bost rosrystaliiced gevirsl times
from pasified wolvents befors -mm; The orgonie 1louids uzed eféﬁ*ﬁ‘i of
spoctpoprade qualilby of BuDeil, aii 2, Vereh. The toflon spacors
and the coniucting gluss elestrodes were obtudned foom Diglactrie
Copporation { U. 8. As ) and Plcsher Solentifis Cow ( Ua 8 4e )
reopectivaly, -

@:3,3%’11?,&3&@ the eonductivity

Applydng the usuel proccdures

sondwich celly wers prepared 4n ade by putting about § mgs of the



a7

rdcorduating noterdals ob o ¢loan stainiess steol ﬁﬁﬁ- eleotrode

surface i safe Ligut illmmirotion. Two tefion spacorss @ mils

{ Q005 on ) thidky vere positioned noar the eiges of the
glectrefey abd the povdered erystels were flattoned by gently
potating the coplucting glass slestrode with the conducting side
in contact with the speoimen, Yhe toflon gpacors maintained the

poncrabion bebuend the ol m‘:ﬁmﬁam Tus spping clips were fixed
ab o modorate pessurs m tha m'm« 6F the olsatrodes in ovdor to
mointalin the ganduich ooll. '

21 gebeup ( Pig, 2.1 ) for the studies of
36238

The experinent
ammﬁ%ﬁm%&ﬁw % @mgzmr o m%& of fogarberg @%: a1”
' fw mx&%@sﬂi@m @z@%ﬁ wore g:‘! aned in 2 eststaetivity chambey made of
‘brass and fashioned enSively with tefion, ( ali tho olectsieal
& yarts wepe also of taflon ). The stalaless ateol

surfoes LTealag
sloctrade vas placed on o thémmel coppor har plabfors in m@d
thermal contact m%msa@u thermal puste and thus the temporoture
5% the esll could he controlied from oub side, 4 des. voltoge |
of 22,5 volls fren dry Botteries vas applied asross the cells,
There vis o zos inlet and an out~1 &t o the chomber for gas
sdsorpbion study ard an mmﬁg@ﬁm% i‘w «a@mzaamﬁg- tho oub-let

with a gietion pump. The obhauwbep stmosphore sould cdronl i&f‘;ﬁ
freoly through the spposite epon sides of the sanduich cell,



FIGTHE & 2,4

i 8 ‘ - Gross 5% ~ stoinless steel .
Cg -coobngboth T - leflon T b
CCT- colowm chioride trap TB - thermal bor

- conductivity aloss - TC - thermocouple
e Y S . Conductivity chomber

F M - flow meter
. MY - heahng tape
", RJB-referencejunction FMm

C'G\ qugmtg%’z o .

SC i -
. cweth . S - 554 .
; 5¢C - somple celf -
SC - somple ce e
o b
i t
RolenhiG ~ .
mefer
Const. ie‘mp.- .
beth - "
. A
) L T
: ' /- T 225V
Nitrogen ) _ ) " £a
) gos _ . - Electrometer . gotiery

4 schepatic diagren of the sppabatus uoed to gtudy the
sftects of the adscrdbed vapours on the confuctivity of thé
nitposromtie semiconductors,



Sorperaturs measuronents vers made using o cuppor-constanbas
thormosaple atiached ob the top of the metal clostrede and o
udlivoit potenticnetor of Toghniwsl Brothers Peb, T, & Ex&m,
The senientduction cureents wars monstred with an @&e@%ﬂ%@tw
asplifist ¢4 G158 of the Tisclronic Corporaidon of Indis Il In
opdey to olinisabo the effucte of oxygeny wster vapour or any
othey vepours or giscs adesrbod by the sample befove eeperimont,
the chmiber wap heroighly fiuehed with dry nitropsn gas oid the
sumblo was thoa &i;@fa fopeateld bepbing apd cooiing troeutoents in
‘nitrogon stoospliord over the tempersture rohige %o be studied.

To puss variows vepours inslde tho chanmbor, 4y nitrogen gas

yas used as o caprior whieh wos Passod throngh o LURLer contaie
ning tho orgonle 1iuid heph nt o ponived tempovsture to medntain
s fized purblel vapour prossuve less than the gatuwratien wapour
pressure ab swnple coll bemparatures. For desorstion ﬁﬁﬁ&mﬁ &y
mitrogen gas wis allowed $o pase divestly theough the chaber, The
measarensnt of dark cwrrants ot o constant op AAffarent coll
temperatures was cavriel out miintoining the celle in ndfrogen;
vaouum oy diffevent aonbienk uﬁwmmwm wﬁsﬁwﬁi% t6 the enpers

mantal ’mcmimmt&



CHAPIER » 3

ADIORPEION AND DESORSTION PROGEOSES IN SOMB

MITADAROMATIC STMICONDICRORSVAPOUR SYSTINS s

VAPODR PAEISURS DIPLEDIMGE 4Wb KINERIC
ATALYSLS

1w

u&mx@;ﬂ,m?z of chomical vapours oF guses produces 2 protounded

inevease in the genleonfuchlion surcents of hoth mwmaﬁm +119-126

and %w‘mﬁ%ﬁéwwmg golfdee T4 has boon chamree §6+307, 119 382
that the sordoetivity change is generally voversidlo f.e. the
origiosl voous or sitrogen atmosphere valuus are obtsinsd by
gently pumping tho condustivity chhubor o2 cirply ﬁsr‘ flashing the
chatbor by dry nitvogen, Ihis inplies that the gas or vapour
molocules are Dhund $o the suelfaesd of senlconductor moleculaes by
weak c¢otpling é’ﬁgm@gﬁ%
. efficlently reversible or the originel value fs not even regalned,
gtyong hound complowos oo ﬁ@ﬂﬁﬁﬁg, in mzy&%ﬁﬁ‘%’? 128 GABOPDw
tion ol dogorption hinotie w&aly@%w ghowe that the weskly hound

. In some onses, when the process i rot

é@?.aplwfm ave Porned and the cdsorption and dogorplion is &

touoestage provess!
N

toginshy - feidovich ( B - & ) equation P77 in @ moddfled
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form wou applied $o interproto the mém data 4% coges of
L : - 1197 .
hydration of i@ﬁ*ﬁ%ﬁ%ﬁﬁsmﬁ adsorption of guges on [5 - @wmﬁmﬁw

13443088

apd sope linesr long oheln polyetos, which may be vritten

Wiy, = A em [~pw/RY] €22

vhers 4 abd (3 ave constusts at o perticulor pressure. The
dovivation of & » 3 couation assimes thal the vote of odsarption
possesess an soblvation snergy whiah ineposses Linecrly willh the
grotnt of tho adaorbed gop o vapour. It has alse boon shown with
n good deogrer of covteinby ¥hast ob o constont tepporaturs and
fop lower peroanbuge of gas ﬁé%ﬁ‘g}ﬁ%ﬁﬁy confuctivity lncrogses
exponentislily with the auaunt adsorbod,

1t appoars Hhat the hipptie gtudion eon throu much Light on
the naturs of mﬁ@mﬁﬁﬁw and also on the %ﬁﬁﬁ@aﬁ involved durdng
sAsorption snd desorption of vapours on the senicondnctor, We
have exanined the adsorption and desorptlon hinetfes in o mamber
of nitronramatie sesdcondustor-vepoan syetomng and Pound that
along with o gencpal twe sbago procoss 4n o
adesrpidon a differont thyree stogs procoss Lg aled operative,

ne eadts of Yapour

in this chapber, ve prosent our rogulis followed by dis-
encolons on how the conduetivity deperdo oh the prossars of the



42

aflgorbod wmw; the valldity of R » 4 ogustion amd Pinglly

on tho poesible models for adsorptioh proconses.

Tho offects of odoovpiion of & sorion of vapouwrs vers aﬁtmicﬁ
in the Gpual tabhel ag Qesordbed in the provious chapber, The
ﬁammc& eell vag tenperature-cyelod and dey nilvopsh gas wos
allowod Lo pasg through the chanber %o deporh ahy vanour oF gas
adaorbed by the savple prior to the eyperiment. The cell wes then
tapt b o constand temperature and the flow of the carrier gngy
dry nitrogen, wss maladnined through the bubbler containing the
reagent 1iguld at o constant tefpovasinre to attain o reguived
vapour pressuro, aftor a chort pulee, whon the povdersd somple
storted sdaorbine the vapsuy £ron ‘%.%:a@ chabbor atmbaphers, the
current inoresges am £imnily attalng o saturstion value ofter
pone time in most of the vapour « sewiconduetor systens, In some
aegog, tho suprent ethansomont wisg by sevoeral ordeprs of mugnitude,
- The vesalt of such o memwe%mm for vapour sdsorption in
fenttroanthracopey lyd-dindtronphithalone, 1,3,5-teinltrobonzenes
Zenitrofiuopanyy Q=g Be and pe pitvsbonsoie seids ds ahoun in
i?':%-g; 8.1 & 8,7, whon the chunber wvap flushed with doy mitrogon gos,



'DARK CURRENT (@mp)

. 5 :

7o T MRS TN et 1 ! ';g’:_"- by

PIGURE & 3,1

5

TIME <mm> |
a:zhanm :w Aok cursrant 1n o gnn&tmamhm&eam Mw
cell kept nt 22% with (8) udsorpbion and (v) dﬁmrﬁim of
earlzan%etmmlwm vapour ol T2.5 03 FreBSUrS.




FPHGHE » 3.8

DARK CURRENT@m)

| o

o - 10 - 20 30 .40
o o TIME (mm) ) '
he u..x;mg;a A dowl oupy *mi; :‘;ﬁ 3 ly amﬁ%z&%%ﬁmﬁ%m@m
povder eoll kept ob £8°% with (o) adgorption and (b)) desovption

of metharol vepour ot 71,0 mn pPescuTe,




DARK CURRENT (amp) .

T S | TS

. FIGURE - 3.3 ¢

TECTTION

IO B | HHI
N AN K . I i .
e

T ",l_:\ T ;"lfi'j %it ‘l'l;

B L

0 w0 20 30
* EE TEME(mm)

‘ The change in dark current in a 1,3 5~trinitrcbenvenu

- pcwder cell kept Mt 92 C uitn (a) adsorption and (b) dasorpﬁion"'

'* of ethan@l vapour at 38 8 mm pressure.

S



?ﬁ@@i’m - 3«;’@

park Current@m)

"‘M T ﬁ _ TR S
‘@O T 00 200
. TIME (min)

The s‘aﬁm‘age‘i in dexd: sﬁf‘{ Ben m & Ew:}mmmuwme ;gw&w @al!.

:m;sf: at a5% Jzt%i (a3 Ma@mﬁm atel (b) daa@m&m of at&sfmmta’ﬁa
vapour &t 56 e m*ms&r% .




PIOURE » 8,06

=38

Dark _Cu‘r E@ﬂf amp).

3 3

c 100 . 200 |
R ‘TIME(second)

_f
300 200

The ehones in dsek current dn o Cenitpobebsoic sefd powder
ool kop at 26°C vith {a) adsorpbion und (b) desorption of sthyl-
acetate vapour ot 18,2 WD Prossure.



, 10 i

‘Darkcurrent (amp)

G 100 200 _ 300 _ 400
a " e TIME(second) :

The chantge &n depk amxm% in & mnitmhmm anid mﬂdw

cell kept ab 25% with f&) adsorpbion end (b) desorptisn of
~ sthylacatate vapour at | 85,3 om pressure,



TICURE » 3,7

N'e)

¥ U ¥ v f.

‘Dark- Current (Gmp).

P et - T B
: ) ’ W

. i P ; | 1:. i | 1 :  | 5
O e cc =00 300 A00

The change in dsrk current in g penitPobonzolc acid powder
celd kapt at 25°% with (4) adsorption and (b) dasmmm of
. eﬁhﬁa@m&t@ W@W at ‘?’&.a m wamrc.



the vepous damﬁ%‘gﬂ fyom tho azrystfzfui%a surfnees ard the current
poncs back to the 1sitisl value, Thagse wre ﬁxwﬁ by the portion (b)
of the curves, The arrow inticstes the timo when desorption starts,
gnch odsorption and desofption curves weore obtuined with other
 yapours also, adg6rption and desorption of vapours h-Boxansy
eyclohemne; envbontotyachloride, mothamsly benzone, othyl acebate
and ethonol of and frenm BnitPoanthracene; Senitrofinorene; O,

B ow and p o nitvobenzole az«cs%e:i’zzsg v&muw 5% gthatel, nethsml and
ﬁzfmmm}mm ob ak fron Tyt dinstyshophthalene opd of ethanol,
wothansly # -~ bowane sod cyelonesans on ond fpon 138, 8=trinitro-

bonsene shiow piodlae bohavicuy ag shown In Fig: 3.1 « 3%

Put with corbalin vapour on 1,48 adnityomphthalens and

igagﬁwf}m@i@wﬁmﬁmrzﬁ such & saturabion value was not Zooched

- ahd only 4 ﬁw‘m o veach 2 suburabion wolue was obgorved in o
long-tims region as ghown 31 Pigs 3.8 ol 5.8. phen the chember
was flushod with dey sdbvopen the inltiad velue wae nob attained
aven aftor jﬁ@jmifz‘{i%s@ &&m@yﬁm’ and desorpbion #&&wss gindlar
to that shown 1o Plgurs 2,8 and 3,0 ave obiained for ethylasetate,
bonzengy carbontebrachlovide and tehorane adsorption on 3, ¢ =
dinttrsnapnthalons and for othylacetabs, bencens, curbonteirachlow
#dde, toluene, nehoptane und methyl-cyolohémsne sdsorption on
153, 8=trinitrobonenc, |



DARK CURRENT (amp)

FIGURE - 3,8

10~

boen
o
e
=3

. S . L S R
0 20 40 . 60 80 100
' CTIME (min.) o

Tae chsebge in daprk euryent in é:i .3.5%@,1‘%@1}?@%1&13&1}%&1&&@
pouder cell kept atb -‘32@5: with () adeorption and (b} desorption of
athylacebabe vapour at 49,5 @y pressare { o trend to Peasch a
saturstion derk eurrent velue 45 seon at long time reglon J.
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PICHRE = 3,0

g,w;

0.

_ T!ME ( fmn) _ ‘
¥ha ghange in fark am&n& m o 1,35wﬁmn§,ﬁmm@amm g@e&w
el kopt ot &2 2% with (&) am@wfmy%m otd (D) ﬁ@sﬁzpﬁim z»i’
sihiglacetate vapouy ah égé{é 21 prgesire { o fpend to vonsh &
saturation duyk cursent volue in gien ob long tlme Togisn Y.

v



The saburction walue of curront in a vapouregeniconduchos
asyaton ubfey puvrtioular umpovimental condition deponds on the
yapusr pregmrs of the roagest Mgeld snd ob the coll tesperatirey
the tive o aftoln this sbeady siste valus belng depondaent on
thn fiow fobe, /

T gebsitividy ap mam@éz oy :: /04' b welines for addopps
tion of various vapoirs on She surfaces of 43 éfewm nitvoararstio
mepdcondustors oy simmarlaed In teblos 8.1 (2} and (b}, where

c-/?i‘a
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Dot possible o gupgest 4F this meogns a hlgher potential enepay
barrior in the third stege adsorplion than the secord stage |
adgorpiion se thave cfe no informgtions abogt the values of o and
<’ ¢ < Beirg the value é&‘é? 4 goverd slage é‘&*ﬁwm%@ﬁ hotiesh
vpponr abd the sorfosce woletules of the semloonduetor ). The thipd
gtage of pdacrption gﬁaﬁmﬁﬁ;&i 48 poosibly sller g o<’ i expected
to have o Eller voluc, H0eR 48 o 2 o s Boltsoaun feotopr fop
 erosaing the barrior on the left of the socond stage potentlal well
wiil o spproximately sydal to that ob 4hoe pight oo the diffsrence
in e bureier heights 1s inslgnifiecont. Hoyever,; cobplderlng the
fact that the sbtrouply bound ecopleses are mot cozily Jdoszorbed as
are the veplkly bound complexvy in the tuo staege processy it seos |
ied gtoge 46 doops 4 rdel diagram »

that the potontiol well in the
Por three stage sdeopptlion procsss iy shown in Pig. 381, The
dosorptisn sctivation enesgy from the thind stage, as shown 4n
table 8,4y sooms o M@ymﬁmﬁ of TApOUY DPGOEUTe, SSrODLLY
bound eonplexes bBohave nove 1ike & chowisal ;amﬁm { though the
pinding @ﬁ@ﬁg’? i w*fy mueh less ) and o corbaln anount of obergy
iz roguived to Lroal the bond, 0" @y the activetion eaopgy for
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The potential enorgy eurves for "threo stage® wvapour aﬁﬁmvgﬁi@ﬁ explaiaing tho two vegion
linosrity in the R«3 plots (Pigs. 3.19, 5.20 and 3,83, 8.20). Bye @,%3, E§ atd Edy . B2y o Boy are
_th;e- activation energles of adsorption in erdep of inereaging preseure In the ond ém& 3rd sbags

Tespeetively. Ez's ave the activation ensrgles of decorption.
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ﬂmm@mmﬁ fyon thivd stege shonld, apardt foonm a ﬁm}.i gxﬁ;mp&
Tactor be equal o tho binding onsrgy of the v@mmﬁ surfano
molecular comploz. It hos oot beeh pogsible 4o ostimabe the binding
anergy Yecause tho experinentsz do ot provide any mperics) volaeg
wf o< amd </,

\

The adgorpiion of vapdurs iﬂ@&méﬁ the ssnlconduchion
surront of the stbrossostubic semicomduotols, Tha :xﬁ;%@rg%i@é and
dugoeption kingtics follou the wmodifled doglinsky « éﬁgmﬂ«;ic%x
asquation, 4 tws stopge sdgsorption process 4o appliceble for suoh
%gzw«aﬁa@mm@mﬂzﬁ% vy systens uﬁmm the vapour zdsorpbion saturas~
tion 45 oulckly reached sed o desorption o guich and conplote,
In gone cegon, howvever, on additional stago of cdsorption iz
sugpoested by the sovond linear 3 = % plot in the long time
rogion. 4 Sransition ovey uhle socond potontisl barrier cceurs
sl the wagour polstulas pet strongly bound 4o the surface

moloeonles of the pitrosyromstiec srpyatallites,
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The pre-amponenticl fastor ( o) ) in the speyetional

definition of senieonductors has besn o @*mﬁsﬁ%‘: of mach dfscie
suions S0, 40 87 4 80,09 300

+ Rogonbave ab _,g, z:y’*ﬂ; yroposed 6, &
an i%mmﬁéaa?; fanction m thetn thyres mmg&m& corductivity

gruntion

oy B G, wmp e RT, Yo ("B RT Y ( 2.1)

tE.¢ iz the drestorietic Cenporatuie offen kuown as Yoomponsne
tion vempapsturet, o' and T, vemin Loverdent for the saes

gopotnd, The componsabion 6ffest fs Jdofingd by &w 1inoay 33@1%
tionghip of log o, ond ,.-«»-xm asckivation oanergy (8. The values

of 6y and ¥ change dn ich o pamer thed thelr effests on e
aps mut 1*;&;11%# souponsateds Joungbon and pzr@my@@ 01 weliave that
eospotnabion offent woy opigimate solaly fron the mmﬂaﬁims
ord 3t veguires o ghysieel Anberprotabion, Howevary they have
suggosted %}ﬁ@t it 6, and U ave Mﬁ’sie&my m.;,aﬁﬁfﬁg one should
got o linoar peistionshiy betueon log 0‘“ ad 8§ yielding the
aonicondective purapotors &N ngrednent wii:%a the valnes ohtained
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\
from otherd ¥OUTTHH, . f:;fr‘% fapparentt componpution gifoct, for sach
mﬁ?ﬂ;ﬁﬁuﬁm* B « wnitie, unioue volues of S5 oml 6“@ doas not
oxist and the gysban ﬁaﬁ not bo precisely definsd. In w%@
componsation effect excellent norrelatisn betveon ieg o | and o
‘ani also between Log 6T and B ave obtained, Thus, both *touet
erd tapparentt compensetion offests follow the linear log &, v8s

B relctiongaip.

1% hao boon vstablished that when § 44 changed by chenlesl
vapour of gup adserptiong *triieY compensabion effect is indead
ohoerved 4t gome polyens geniconductors und the offuct has o

payaical Boalde

| In the provisus chapbery wo ngve ghoun that dwo distiuct
sdsorpilon provssscs « one foming waakly bourd and the other
forning skrongly ‘émmxi eonplencs ehiaractovlsed by tuo crd thvee
gtage adesrption processes Tespocbively are operstdve in nilyos
spometic sendcondiuctory, In this cheptey, we present ouy rosults
and disciseiong ob the volidity of true compongution effect, its
phygical busis s its rolebionship with the adpopption and

desorption processes n nitroarstutic senisonductor-vapour gystems.

e
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The sandestduetion sotivation éﬁ@giw of tha wysﬁaﬁm@
powders of the nitvoavorniic compounds in o sandwich -e.ai.i ware
nenaured several timos 4n tho dey nitrogen atmogphere and also
Ap vacunn. 411 the measurencnts gave congistent values, The
ohaerved valilen are 2.00, 137y 1,798, 298 ond 2,53 ov (approx.)
for Snitrounthracong, l.4-dindteonaphibalone, I,3,5«tvinitro-
bonpong, S-aitvoficorens and Ce-pdtvobenesic wodd respoctively,
4n &dsﬁmﬁmﬁ of variots vapours o8 the opystallite ﬁ&ﬁ‘m@s, the
sendoonduoting corvent ia @mwﬂeﬁﬁ gyl the sotivatifon enorgy is
approciably fncressod, :

The powdered seniesudactors wore uzed in form of a sundwich

eoll to dotornine the effoct of udeorbed vapours on the sonical-

dustion gobivation eusrpy. The guiple was Piret allioued to adgord

the vapour ot o fized progoure ond come fo o stesdy stote at a
eonpbnnt souple sell tenpersture in the dhombor atnogphers
sontainibg the vapstr in altrogen, The pressure of the Yotal gas
mizture 4n the chatbor wne stmogpberic and the partlsl pressuce of

the vapour waa the saturstion vapour pressuro of the reagent

1iauld ot the taproture ot which 1B wes hepl. Doth inlet and

outiet of the churber weve thon esaied and tho value of the
satupration ecurrett wos noted with tims. The satarstisn ciryent wag
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fourd to be alrost constant for o long time indicating thet the

341,342

corduction in tho systen was ralnly oleetronic . Tae caell

was then papldly csoled to ahout « 30°%C. The chambor was then
figshed gently with doy nﬁﬁmg@ gnge The out-let of the chanker
vas kept opon ani the stuomspherie prossure vas wointpined inside
the dumnber, fhe teoperature was then slowly incresscd and the
soniconiuction cu¥rent was messursd with the incressing tmp&mfﬁum
of the aotple ¢all, The resulbs of sduorpiion of a vepour on
difforaent nltroaronatis sonlesniuctors ore ahcwn in Plos. 4. iw%e&.
m shradeht 1ine portion in the low sz‘a@amﬁﬁm repion shows the
ponteorduetive properiios of the mitroavonntics with adsorbed
vapour and tho slopes of these lines give the activation snerglos
of the vespective systems, At congidergble higher tevperaturas,
the adsorbad vapouy éﬁaﬁ:,@» ﬁ.@mrbmg and the rate of desorption
incronses with inerensing tempereture snd the aurrent boegius o
Ginindsh, Tho sbraight lias portions of the curves ab the hisher
tenperature region above the point ¢, elve the astivution enevpglies
af the 'seﬁﬁiwzﬁm@%ws' approximately the same ag that o dry
nitvogen atiosphere, The obsorved values { 1.98, 1,33, 1,78, 2.2
and 8.8 ev ) ere silghtly lousr possibly dus to iﬂa@ﬁ@mﬁa danor
péion of slaorbold vupourse Hziley curves vore also ohtadned with
portoin other vapours foroing very wexlk revesible somplexss with
thaoge oltroaromatic seplconiuctore, For the yenaiunlng vapours



Semfeonductivity 4n o methanol adsorbed Denitrosnthrscens
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4013 tonperative H20
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- Semtconduotivity in a methanol sdeorbed lyd-dinitromaphthalens
_ powller coll as a funstion of tesporstore, (smbient vapour préssure
| 80 ta, afiporbed ut wample coll tempearstive 22°¢ )



5 ondactivity in o pethensl adsorlied 1,0,8etrinitsobenzens
. pouder Soil es o fanciion of terporature, (amblent vay
6D mmy 6dgorbed at swople coll temperstare 22 ) , -
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Semteonductivity 40 o carbonteirastloride adgorbed pouder
- ¢all ag a fanetioh of tempevetuve. {asblent vepour pressurs
50 mny adsorbed &t swmple ewill Basperaturs 257 )
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sendcontuctivity in o methanol adsorbed Osnitvobsnsole seld
powder o801 oz  fonehlon of terpevsture.(imbient vepouy preswars

50 oy pdsorhed ot ssmple osll tomperatuse 2% 5




thnt are found to forn some sopt of ateong ovmplexes { as deseribed
in tho previous chapter ), the current does net return to the |
inltial value at the point € apd the aotivation enhergy in the
higher temperature rogion is not equal to tho vacuum / dry nitrogen
sotivation anergy value m?ﬁmwﬁ in Plgs, 4.6 and 4,7 for ethyl
acetote vapour adgorption on 1,4-dinilronaphthalone and 1,3,5-tvi-
nitrobonrenc, Por %niﬁmaﬂfsﬁwmam; 2 - pitvofitorens and O-nitzo-
bengole géidy vapours of eothunol, methanol, ethylacetates curbon
tetoachloride, benzene and nehexane; fov lyd-dinitronaputhalone
that of othnnol, methensl and cyclohoxane and £o7 1;38-trinttroe
benmens vapours of othanoly nethansl, cyelohessne ynfd h-hegans
were found to form youk reversible comploxes apd the eurves are
sintiar o that I Pigs. 4ol » 4.5

The effect of adsorptioh of different vepouzs on the
sosdeonduetion sebivation aporpy oF these pitroarorsbic coppoubds
has Desk made in the Geial menter afbar afgorbing diffarert vapours
at o £ixed partdsl vopour pressure maintaining the satwmle ooll ot
a ponstant teupevalure, In Figﬁ; 8,8 » 4 My plots of log )
va, /T for differont nitvoavomallic sericonductors are showh 4in
the low tomporature reglon fop éiﬁ:‘g&‘@m vapsur sdgopption, It is
abgerved that the -mi%ivm;im grorgy values ave aifferont for
difforent wapour odsgorption, siam?&mm yapours forning weak reveps
M,’iéfm complores chabge the setivotion energles of the nitrospomatiles
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Tapous presours 53,5 may adsorbad ui gorple ¢ell temperature
280 % o . - .
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. 5am1comaucﬁivity in a anitrnanthracana powder cell {steady
| Istate conditlon) with the adscrption of different vapours ut the
same vapour prezsure (50 mm) and at a sample cell temperature 22°:,
salia lines represent tamperature regicon of measurements, broaken
fi dines are extrapolations, BDach line corresponds to s specific vapour
’* adsorbed state @ 1. ethanol, 2. sthylacetate, 3, bonzene, 4, carbone

. " cetrachloride and B, methancel ( Refar Teble 4,1, 4.3 )
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semiconductivity in a 1,4-dinitronaphthalene powder cell s

{steady state condition) with the adsorption of different vapours )
at the camy wvapour pressure {( 30 qn ) and abt a sample cell tempela-
ture of 22°2, Zolid lines represent tempszrature rsglon of mesgurs-
ments, broazien llpes are eitrapolations. Hach line corvesponds to [/
a specific vapour adsorbed state 3 1, athancl, 2. methanol and ;
3. cyeclohexane, ( refer table 4.1, 4.4 ) /e
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Semiconductivity iu a 1,3,%-trinitrobenzene powder cell
{ steady stats condition)with the adscrption of different vapours
at the sams vapour pressure { 60 mn ) and at a gample cell tompes
. rature of 23%C. Folid lines rapresent temperature region of -
measurements, broaken lines are extrapolstions, Each line corres-
; ponds to a spscific vapour adsorbed state : Vapours ars 1. athanol
2+ Dehexans 3, cyclohesans and 4. methancl. ( Refer Table 4.1, 4.5 )
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%{mﬁmzﬁm‘ei@& :&si m&mﬁ&@wm mwﬁez* asll maay‘
ptate cordition } wi%& the sdgopstion of the some amonnt of
difreront vapsurs { solid lines vepresent tww&%ﬁm ragion
of moamupenent and brosken 1ines ave eztrapolalisons ) Such line
pefars 6 o 8 @@@iﬁ& Vs m? adsorbed state ¢ Vapours are
1, athotinly S, ﬁ%agzae@ % b wmmé 4, caphontstyschloride

and 5, m@mm, mfaxs Rms %1, p-X
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: @m&wﬁd&mt&v&x m @z @sﬁiﬁm sensoie i.ﬂ powder ¢oll .
{steady stale condition) with the aﬂmrwatm of the gane anount
8¢ different vapours {golld linos mp%sm& tompereture region.
of measurenent ond broalien lines are exbre polstions ) Bach iine
rofers to o amifits vabohr adeosrbed state 3 Vapours ore

1. othyl acatate, &, athanol i Ze amtizamxs e mrmm%rachiarma

- and 8, nnhmm‘ { Rofer Tablep “ﬁaig 27
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semjeonductivity in o 3 Aéﬁm@mmghmﬂm&m; ¥ ool
{steady state condition) %95 the adsarption of 4ifferent vapours
at the sape premsire ( £0 mn ) and ot sanple coll temperaturs of -
22°C. Bach line vefevs to o speelfic vepcur sdeorbed stote : :
Bthyl acotate (sewy 0 = 1,67 o 3§ - S
Carbolibotvacnlioride («xwy T w 1,25 o )y
hefloxnng {=owy B & 8,00 ¢ )} |
Daneoie { wA=y B = 1,80 v ) "
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o8 shown 40 Plgoe 6.8 = 4,18 vheross those gliving slrong compicses
pradues the type of astivotion onovgy chahge oo ghoun in Ples 4.1

et iced LLP AP

DeB

To study the Qependenes of tha aetivation SHEYRY changs o
the apount of o parkienloey vopsur adsorbed in o sample colly
mosgurosents wers done by repented haating, partislily desorbing
and cooling cyoleg, In Figse: €.15 » 4+19 plots of log 6 ov log I,
vie 1/T for sdsoppiion of different avounts of o wepour on
Denitrounthracene, ly4-Ginitronsphiiialensy 1y3,0-trinitrobohrens,
Denttrofinerons ond O-nitrobeneois nedd ave shewn, The zlopes of
the stralghd lines decronse with decressing amounts of the adsorbed
vupour, Thusy the valte of the activotion onergy decrsases in o
pogulary ﬁzﬂmﬁ‘hﬂiﬁ faghlon ng Lord %m&m dagovbe from the ganpla.
Alsoy uober of other vapours thot are found %o form weslk eouploxss
with thess sitposroradic sedoopduckars produes o similor chuenge
in activation eheyey value with Yo -aa;&ﬁ@m; of those vapouss
adsorbed, 4 set of srprozimately pavallel straight lines iz obagre
wed 4n tas loy tooperature reglon for log 6~ vEs 1/ plots for
| d4ffervent amourts of athylocetate adsorption on 144 diniironaphe

thalene and 1,3,8=trindtrobonsain as shows in Figs. 4.20 and 4,21
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. gemieowiuctivity datn fmp Dendtrosnthivacene powlor aazx ‘
i:sta&éi? state coniition) with the adgovption of Qifferent amounta
M‘ mmzml gafm Zolid Jines veprogent the temporatups @mﬁm

broaken 1inow ové sxivapoiubions; The 1ibes

@)w(ﬁ)w ?réza Bl atama with the ﬁwrmsms amsund fﬂﬁ‘ &ﬁa@hwl
%géaﬁra { Refer fffgmea 4«% 48 ) _ |
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, serdesndaetivity date for 1gdedinitvonaphtnalone powder call
{ateadly sbate condition) with the adsorption of different amounts
of sthanol vapous, Uolid lines seprossnt the tomporaturd reglon
of measuvemetts, brogken lines are artrapoistions, The lines -

£33 => {4) refer 4o the stales with the decreusing amoant 04
sdenthed vopamy, { Befar Tables 4.1y 4.9 )
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- seofconductivity dats for 3,8,8«trinitrobonzone powder eell
{atoady state condition) with the sdgorption of difToront ansunts
nf ethano) vapour, Yolid lines repyesent tho teuperatuye region
of fneasurementy brosken lines aye ezbrapolations. The iines :
{13 {S) pefor to the states with the decressing awount of
zdzorbed waponry ( Befsr Tablos 4.1 ani 4410 )
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. Sesiconduetivity dats for Zwnltvofiupdens powder cell
(gtosdy shate corditlon) with adsorption of different amount of
ethylncetate vapsur, Solld linse veprasent the temperaturs veglon
- of menguprdnent, broawsn lines ers exbrapolstionsy The lings
- (1) =>£4) vefer 5 the states with decrossing smouat of sdzsorbed
vapour, ( Refer Tables 4.1y 4e21 ) - ;
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senleonductivity date fop Cunitrshenzole acid povder eell
{stendy state cobdition) vith sdoorption of difforent amousih
af ethylncetate vgpour, 56184 Lines veprssent the temperoburs
roglion of voosiravent, broslen lines are extrapolatinns. The
iings (1) (4) velnr Yo the astates wilh decreasing apoont of
nicorbed vapour, { Defer Tables 4,71 and 4,18 ) ‘



FIGUAD = 4420

1 ¢ Y Y TYTY

L ”"”l"

T

T

INE I RERL

o

& (ohmem )

‘l‘l rl’AI’TII :

L

el e

, _ i S S
35 31, X X

EPE
/T %10 (K)

- Bemdconduchtivity dota fop Jyd-Ginitvonsphthalens powder cell
{atoady stote condition) wlth the adgorption of difleront swounts
af othyl acetabe vapour, The Llingg (1) (6) rofer Lo the gtutes
- with the decrsasing amount of adgorbe@ vapour. The T - valuss are
1) .87 ovy (2) 3,08 avs (B) 1.67 avy (4) 170 ovy (8} 1.8 wev,



PIGURR & 4,01

T
10 I |

R o
ST (KN

- genboonductivity dota fov Jel.b-trinitrobonsene powier cell
{atondy atate conditlon) with the adzorption of differant atounte
of ethyl aeetols vayour, The Zlkes (1) - {f) refor to the slatog
with the decpansing amount of adeorbed vspour, The U « values are
11) 4.83 oy (2) 400 syy (37 G080 evy {4) 4,99 gy {8) 4.9 ov,
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sogpackively, oy in this onse of shrobg oovplevss approzinately
the gums velue of aebivatinon spevgy 4o shininagd with decreasing
wmount of ﬁz:ﬁ‘i,sz:fz"mﬁa TEPOUY, The othol vapours .8 oarboli-totrs.
citloride, bohoeng, i:mwmne@ pethyleyeloherane, n-hamsne and
nefieplane on z,wzzmﬁvam;mwamm ard capbonsbatynchlorida,
bensana, Soluensy pethyloyel chiogang abd nleplang on q,,%.mwm»
tzohennens py aﬁzﬁc@ the oame tyre of Pestilts, The shifting of
siraieht 1 "’f:?ﬁ ﬁ.ﬂ the log 0 Ve 147 plots d.0. the desreass in
the m’%@mw@ﬁ' cardnetivity values vith lssz atonnt of adsorbed
_%z@mr may he due ;m variation in the eguivalent hinkmoon of the

ghrongly bound Yapour - %m%mzsﬁamtw oaonnlan,

49 zhown in Plpo, 4,8 « «:é.g.iii‘; el 4,38 » 4,10, the exbropsla~

ted lines Lo log G- V8. /2 plots of Benltwmoanthracens, 1y4 dinde
mmmﬁmmm}g 1y38strinitrobensonoy Zenitrofinorens ond Oenitroe
benzode aeld intorcopt the ordinmato ab a wide varicties of pasitions
and they all poss thvough o single polnt of intersestion at a
tolperature YT ¢ o aepacted fron ejuation ! 1.3 7 which can alzo

he written ag
log o (2} = 2og ) + [24 = 3/7] Blge (231

&b this cowpongsabion z»&’ﬂ?@» nbure Thy the valus of 07 {8y} gives



s

volug. The values of T,0c and 67’ f5 obtolned from difforent

S log oo vg. 3P plots for the semieondneclorg studicd epre shoup

in Table 443 It ds obasrved thet the two sets of T, and o2/ g
are in good ogreoment, Dubt In cose of Pigd. 4,18, 4,14, .00 and
4.83y theo axtrapslated 1ines 4o log o va, 3T plots do not
intersest at o single point sbd thug eospensatlion beupersture T,
ig not obtained in caso of stiylscebate, bonseng, carbontetrachlo-
pide, n-homabe, tolvete and nothyleyeichexals vopour adgorption on
Lyt=linttrongphthalene and gWliylacobate, %}*ﬁ_;ﬁgf‘am, curbshitabon-
chloride, tolusho and pothyleyoloboxones vopour sdsspption on

1§3§5“ﬁ?ﬁﬁ£@@bﬁﬁﬁ%§@g
From fanetiongl dofindtion of sonicondnetor g
Dy = 6, exp { =B/ERT ) . { 2.82 )

and squatdon { 2,91 ), 4t le oxpocted that the plots of log o

m T shouid be lincer, In Plgs, 4.50 « 4,88, such plots for
Sm~pdérounthracsne, 1gd-dinitropsphthalensy 1,340-trinitrobensens,
fepitrofivorens and Cenitrobonaoic aeld ave shown, The vwalies of
T,t6 ad 63 tg ohfeined from tha slopes and inberecpts reapeow
'%iv@iy of thosoe plots for Qiffcrent nitronronstics are prosented
In Pablo 4,2 For comparison with the values obiained from different
tog 67 wva, 1T plobe, To and Ob/ mm@s‘ shbained fyom vaviouns

plats show omevllent &gmm@%i &3* Usdng the vaiues of Ty%e and o) ¥n
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The values of T,'s aml o *g obteined fropm
difforent log o Ve, 372 plots of some
pitposronatie semiconductors,

Yolus of B, (CK} obtained valuo ofe (St em )"

from the 188 o ve A obtained from the

| plots for o %65 o ¥8¢ /T plobs
- o+ ' o

genicsrdustor ;

e

sdenyption  sdsoeption odgopption  odsorption
of different of diffor~- of differ- of d4ifferant
Tapoury ot apounts  ant vaponrs omounteof a
: Cof B partls pertieniar
ouiay CEIOUY
yapous ' o

ki

;3K 1

Oepitroe L L o m
anthyracene~ 246,4 TG 1448 8 30
nAphthalene? 2854 285, 1 2,46 = 0% 199 » 1BM
altfovonmen 289.7 2890 2,64 = 8% 181210

Fiuorene

3—

L

or A | DN . - I =15
2570 sy ] 380 % AG 2,318 z 10

Genitpoe

ey 290,27 05a.8 2.6 z B° 0,87 x 105

ie Trom Flzures «,8 and 4,15 2, Urom Plgures 4,0 abd 4,16
3, Foom Plgudos 4,10 and 4,37 4. Frobm Pigures 4,33 and 4438
B, From Figutes 4,12 and 4,19
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PIOUAE « 4482 ¢ The plote of the log o, at o constaent temperalure
va, the B - valtey for (1) lyd-dinttwonaphithalens (pight and lower
geale), (2) 1,3,E-trinitrobonzenc (left and upgor sealed amwl (3)
B-nitvonnthracens (eizht apd upper seale). Tho open circleés refer
tn different vapours and tho dazi elreles to diffevent amounts of
o porbleonlar vopoulr ( 0.8 othanol ). ( Reloy Table 4,2 )



FIGUAE » 4,23

, Ihe plot of the log o, ot a congtant tedpersture vs., the ‘
L e yalueg for 2eniteofinersng, The open cirsles refer to diffovent
vapoiurs and the solid clivelos to different giwant of the sams
wapsur ( abhyl cedtote ) { Zefer Table 4.2 )



PIGURE » 4,84

The plot of log o, values voe € ab & constant temperatuze
for O-nitrobenzolc acid, The open circles reler Lo diffevent
vapours ol the golid clrelss to differvent amount of the same
vapour { othyl aestate ) { Refer Table 4.2 )




Yalues of T, and o, obteined from various log o
va, T plots of some pitroapometic semiconductors,

‘Senicoductor A Value of &7’
T, OR) (5 s em)™

i N

Pendtroanthracones £49,8 1,41 z 3078

1,4-04nityonaphthalone  956,3 1,51 x 1078
1,8s5-trinityobongenes 2618 2.51 x 20710
Ponitrofluorensss 57,6 7 x 0"

Senitpohensclc acddees A2, B 2 x @“’15

@ Prom Flgure 482
e Prom Tigare 4,88
ssr  Drom Piguro 4,24



&0 obtadnel, we huve cal mmw@ the expocted o) 'v;f@;?,ﬁ%?&éﬁ&
ﬁ@}ﬁ*@w@ﬁ thege values z:‘ﬁ*m zrporinentolly poosured valves, These
are shown in the Tobles 4,3 » 4,18 for varions pibroaromntic

seniconduobors. Thoso regiulis show that 'truet compongation offect
iz certoinly cbasyveld 3o thoeso seslcomductors wWion ¥ is chavgod
by certaln vapouy sdsoppting,

tTraet govpansablion offest ls thought to srlse from s
sxistonce of o Yimear relationship botuoen the activation enorgy

it the asbivatisn entropy of the nysben, Tt has besn pointed out
by Johnohon ond isgmﬁ,ﬁw@ that 1:&’ & trae Linesy frew shovey

éﬁ@mﬁﬁm { LWWIin ) doos hold for dark eondustion ndlcating o
physiesl relstionghiy boluson o, and By 10g o { 0y ) vée B past
also be linmeows vhers Ty ds o specifie teomperatuve. In Figs. BuZ5 =
$.87y vuch plots Qo wz?ﬁema mitroaronadic -@%&ﬁéﬁf‘iﬁtxﬁ%@?ﬁ are |
noun, The observed siope of the 1ins for esch ssniconiucter $o
ohoun in Pable 4,13 for comparision uith the clope ezpected from
enuation { 2,93 )y L. ¥ith [3/9, - 3/2] 32K, Tho veluse

of o2 ' ap obtained from the intercspt of cach log o (§) ve. B
plob :as éﬁm diown An his toblo for conpeplgion with tho valucs
ohtained fyom the Isg o we, 3T and log of v, ¥ ploty, &1L
those values chou oxecllent consistoncy. Those resulis show that
tha o) ond B ave ddsed pbysieslly peluded ond thus conflrm

the wvolidity of the compensation vale i cssoe of sdsorption of



semieorduotion soaronebors for O-nitfoanthvecsns on

sdsorption of verious vopoups nceording to sguation

¢ 2491 )

Vapouy
' &ﬁ%ﬁ,’ hﬂfi

?.3 m&*mﬁﬂmmwm
(2 k .v,@“} 3 = 2849 o™ =
= 141 2 10 =38 (R om )" “1

(o)

caloulated

oI o i RO

oy & o, eup { BA2RT, )

Bthonol 5,86
‘Bthylacetabe 4,72
Bengena D BE

Sarbontetius
shioride 3,59

Wathanol i)

8,89 1 10°7

ECEE 8o27 x 30%°

2,31 % 3092 641 x 30%

8,21 % 1048 ’ 2,08 x 10°0

* From Plgure 4.8
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semlcondugtion parapetors for 1,4-dinitronaphthalensy
on adgorption of verisug vapours cecordivg te eguation
{881 )

iﬁﬁéﬁ‘mg?‘mﬂﬁhﬁmiﬁﬁg

{ ﬁi‘?}i‘@}mi g T80 ot
Yapour : w183 % 102 ¢ ohne o 372
sdgorbed S —— iR

. ealemloted : BEaSureds
o = o' oxp (B/MT,) Y "
IR, { v~ cn )

B
tov)

Bthanel - £.92 1L.8% 2 1@3’5 ‘ T .8 x 335
Hethanod 2,59 1,90 % 303 2,86 x ot

Cyvlohezane B8 0 8860 m iﬁ? ' 5,24 ® 3»@?

T S N SN o S Ry AT KA R N O A O P
/

» Prom Pigure 4.9



&m&mz’&w&mn paranators for 1,3,9-trinitrchensone
on adgorpting of vardous vepours adeording to oguation

£ B33 3

| ()™ = 22,80 ov™
'(Ji‘éﬁﬁmﬁ‘g . 6\}'0 / . mﬁl @ 1{}“‘“1 { '@im.@m )“}. -

' palonlabod mansurads

o oy exp(T/ElE,) 5o

tev)
¢ ohmeen) ™ { ohgeen )™

s Ll R E T T

Bthanol 5,82 8,87 x 1% g0z w0
neflexune 2,32 4,39 x 109 7,37 & 1938
gyclohemme 2,88 1,00 % 0% 8635 x 1018

Hothanel 208 3,04 % 16° 2,86 1 w8

# Fyom Flpurs 4,30



Serdenuduction poronctors fof Sendtvoflusyrens on
sdaorption of varions vapsory scoording to egution

{ 2481 ) k

genitrofinorans
(255} = 22,677 ev™?

o oy w@x zﬁ“m { clmeen )™
Vapours |

adgorbed

o eateulated massureds
(&) o~ = o amn(s BI0RE ) s

[o]

(Gmaga)™ ¢ obteen y=2

S A S AN e Ao Sl " N S S T R
mthenol 0 7,80 1,02 x 30°° | 2,38 ® 10°°

Bthylacetate 4,08 50 x 1050 | 1,18 = 165

Bensene 9,78 8,60 x 00 8,00 x 0%

Corbontobrne 18

chioride 3,86 2.6 x ¥ 1,80 x 10%°

- neenone 2,84 - 2,07 x 307 1,85 = 30°

® Pron Piguve 4,11
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Senfconduction peramsters fop Ownilrebenzeie seld on
adoorption of vorions vapours asconding to eguation

¢ 2.33)

Ow=nitrobatisols asifd
(o)™t = 21,664 evd
Yapours . o 2! = oz 10" ( ohmesn )

/4

B ecalonlated Beagurods
tov) o = v, exp(a/anm,) B
{ ohmagm 3 { ohmeen 3™

Bthanol 206w 1050 - 1,43 x W05

o N - -
wethanol 401 4,00 x 100 3.1 & 20

Copbontetyas | - a8 o A6
chloride 3.3 336 & 310° 1,00 & 19

Beloxans 2,00 10108 2 3w0° 3,00 = 108

6 Poom Plpive 4,18



Semiconduction puroneters for S-nitrounthracens of
adgorption of sthonol vapour of different amounts
aecording to sguation §.21

- Benjtrosnthrasens
(‘33{?§}”1 £a, *ﬁﬁ wﬁ.}

#

A

Tigure 4,318

B saloniotod o meuFuredgs
(v} oy = o) | exp(/Rig,) o
{ ohoeen )™ { ohmecn )%

536 4,90 z 30°° 2,94 % 3697
476 8,06 x 10 1,67 x 3109
me3  3.32 % 0% S.08 x 1071
2,96 LWz p® 8455 = 10°°
Be 02 2,07 ® 1032 108 % 1033

T e

o o O

curve Ei'f;,, 1> 5 corresponds o tho decreasing amopat of
adsoitod otlinnsl vapour.
% Fiom Figite 4,15
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semieonduction purameters for ly2-linitronsphthalshe on
adsoyption of ethannl vapour of Gifferent amonnbs according "
to aguation { £,91 3

Iydediniteonaphthalons
(2T, = 22,80 ev-i |
e = 151 3073 chmeea )™

Y]

Curve Do of

Flpure 4,16 o | ' _,
‘ ” B caleulated weasureds

(ev) O = 0, Coxp(n/2T,) ) &

2.87 9,08 x 10 . 8,09 x 10%%

2 2.8 657 % 30°  g.oe x 207
3 2,313 188 2 gﬂ? BE7 = 2(‘;?

A 1,86 9,98 % 10° 5,96 x 1%

CUrve B, 1 —»>4 corromponds b the decroaging avount of
sdgoreal athonol vepsuw,

& Tyom Tigure 4,1
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Semiconduction pavanebers for 1y3,8-trinlivobenvene on
\ﬁﬁ’ggr?tﬁ@ﬂ mg’ Q’Eiﬁs’i}mg. V&?fﬁ‘a&? f}f éifﬁ’m@ﬂt m&mg aﬁa@ﬁ.@i&g
to pyuation { 8,51 )

133 Hetriniérobonzone
(a1t = 2me0 et
R - 21075 ?m%ﬁm )3

Surve Jos of
figure G Y7

enlonlabed - @ﬁésumﬁ@
(ev) o =0 eupln/okD,) S5
{ chieom 373 { chiean )3

e |

793 3.8 2 1090 .78 x 3051
7: 1B 2,64 ¥ W05 8,90 g 10°%
@w% ‘@w&@ ® '2&3% 4 6,60 % m@ﬁ
3,85 561 m el %m 10
241 8,50 x 307 6,65 % 107

Curye To, 1 = 5 corvosponds o the decreaging avsunt of
sdgorbed othonol vapouw,

® Prom Digurs 4,17



Semiconduchbion puvameters for S-nlitreflucrens on
sdgorntion of ethyl acetate vapour of different anounts
" according to eguabtion { 2,51

Qwﬂ@tﬁaﬁ%@@mﬁ
(k31 = 22.677 ev™d

\ . 7. R
Curve fios of ov! s 8 x0T ( ohoweon ) 1

figure 4,38 T — ——
5 eakoulated meagureds
{6 6 = 67, axp(n2kT,) 5,
{ ohuesn )3 { ohmecm )4

4,45 1,8 x 1028 144 x 3070
3,96 80z 109 2,23 2 W05
8,36 2,48 x 10°7 2,43 x 10%7
8,32 1,07 x 10%° C LOE x ma"f’

Curve oy 3 < 4 corvespords to the decrensing amount
of adsbrbed sthylocutabe vopour, |
¢ Figave 4415 |



sendeonduction paganctors fop Oenitoobenzode nedd on
sdaovption of ethyl acetute vapour of different amounts
aecordiag o equation { 2,31 3

O=ndtvabensolse godd
(o™t = 23604 ev™) ._
curve Lo, of %f s 8o 16"35 ( ohmon )’1

S A S LR R RS e L

eigure 4,19 — T
BEe S ealonlated mensreds

tev) 0, =o, xpln/a,) %
A ¢ ohmieom 3=2

sy ) REIES
7 ov 1,82 x 30752 2,00 x 10°%

Ba1 246 = 1% 1,86 = 30°0
‘ 156 = 109 2:74 x 3057
2,08 2,82 x 107 2.%3 x 107

B Ly @ e
£
2. 1
41

R o A R B S A A A T SISO
cures Lo, 1 — 4 esvresponds to tho decreaging anount of

adgorbed %ﬁ%@ﬁ@mﬁa YAPOUL.
s Prot Plguve No, 4,15



%‘m gla%s of the log cv“ waluey ab o wm@zﬁz tarperatire
x :!.:f‘;} '% @:& 3 s, the D w valuog for (1) 1y4-dinitro
vper sealel (23 3148y w%rmiﬁwmﬁ gne (1af
; .acs@m { vAent awl louér. mau}

ronnth

i



. FIOURE = 4,56

iy
.'2., )‘
-~

Ths lat‘. aﬁ valucs vs¢ & for a‘a-ns.tmmwsmm 8t m
- ponsbant emmama { 5?@;&5‘5’?5 Y« The opon oireles refer to

- different vapours and the 80118 siseles to different saount of
the same vapour eﬁh?z seatate ) ( Bofor Tabdle 4.13 )



co PICURE = 4427

The plot of &csg !ml!zes Ve B fmx* el tmmaam godd
a% & constont tesporatuds (1/7y = 5,60 Sp=l ), The apon cireles
pofer to Gifferent vavours ahd the solid aimz.es o dirferent
anount @3? the same vapouy { othyl aeeﬁaﬁa Yy £ ?aamz' Tablo 4.315 3



rupacted { equotion 2,083 ) and obaorved sloposy o
observed o | from the log o~ vs. E plote for the
nitposromatic seniconductors '

R A A N O O I I S N A A AP o

‘%’t‘iﬁ?%m bgerved heerved
femiconduotors  glope 3 alops . &5,/
{ o 33 ooy Y™ ¢ ohries 5"3

Dunitros o | B
anthracenes 0,05 0.83 2,68 x W

1gdedinitens L, SR, 71
naphthalones L A 1.96 = W

133s8-trinitros o » o 16
mm@mm 06 . DB 2,10 x 1077

mmmm&& 0,48 T 48 1,88 ¢ 10 7

Ownitrobshvoios S ' =35
neldsss {3’%35 ) Ga 178 D2 2 35

# Prom Fipure 4,25
ae Prom PLgurs 4,56
ave Pron Pigurs 4,97



cortain vapours of the nitvosronatic mwm@zzﬁwm*m |

9. Diseussin

”‘Wé& are rmb@r of 'ﬁw g aboul the ‘mochanien of eordaction
m srganic stolooxivetors lecding to @m%gzmgzaﬁmz& offact, The
gavpier indoction wodel \,-@f‘ wmmmﬁ oroduces the type of adfives
Slon T ﬁ&pa@@%m@% af the ure-cxpoasntinl foctor oy ohaerved
caperinontsily Wt 4% does met provide any physieal basis for the
intovpretation of T,, | ‘

Ropoty and %%@s@a;mﬁ*@%} wheerved eonponsution lae in tunneling
of sumall poluvon through woleeuley barpier fron thermelly aotivas
- tud anovey levels of solomiles, Thoir sodel prodiets that T, = 05
( wsere O io tho Debye temporature ) and that ob T T, ewail
polaton tunnailng ds nob possidie opd conpansabien afPect 4x nod
oupected Yo be sboeyved, In the present fnvestigabion, the
ﬁ%ﬁ%ﬁf&mm@ wohaviour hos Beoon ,@%ﬂéiéﬁ_m T The The eaptrde
mental Pesulte dhow that the compensation pule is velid in these
cases 2160, Porthory Debye - Lotpevature for MM& seniooniuetors
ave not knoun presisely, It hus been reported  tush the esloulas
tod voluss of tho Debye - teperatare tor o serdon of crystale of
eronatic compounds iie molinly in the yango 6f 100 « 3007R. Thus,
i1 seowmg thet ¥, voluep mcssured ars fay too :z:%gaz tr Jugtily the
prall polaron fumneling model,
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Bevause of the vidsspread @aeﬂrﬁﬁnﬁﬁzgﬁ'@f

| the compensation
sffent { bosddes souiconduction provess, it de observed 1o
chemical rosetiong, cndalytic prodesses, th@w@a& Genaturation of
macrondlesniog, thafual Eili&ﬂg-af unicoliular organisms &te, 1,
lemony a*mi"’%&hamﬁg have @ﬁ’ﬁiﬁﬁaiﬂ g theory of clectronic chavge
traneport oo lavolved in kinetic processts ( also epplicgble to
equilibriun proccosys } from the shsolute rote theory aquﬁt£§§§’}lg
within two special models, The first one { quodratic polarons )
invoives ths coupling of vlectrons with a met of ogelllators,
w&arsas-téa second ons { wagnetlc polarons )} inwolves the eoupling
af elsctrong with o sot of gping, Doth the models show that the
activation aitzopy 15 propsvbional €o the activation etavgy thug
providing @,aégp@nsatiaﬁ éff@@ﬁe Tag use of N onmber of ssoillsbors
oy of gping % beihs about the componeation offect sevins to sppour
roasemable i vicw of the £acd thab the variable aneunt of
alaorbel diclantyrie { vapour ) sevooh off the interagtion of a
'mhawgﬁ with move Qistant parent noléculess % depending on the
oamber of pueh toloculas with whieh ﬁﬁé’&hﬂ?@ﬁf@f{ﬁ@@iﬁ@%?
interasts, Pub in guadratic ?@3&?@&'&@&@1; the characberistic
tomperature T, is ai@ﬁyauﬁﬁgaﬁivg in contradiction to the espsris
nental obgervation, The spin polaron wodel glves s positive T, but
vredicts Do activebion shergy at vedy hlgh teuperatarese ab a

tenperatise around T, the process de activatsd snd the sctivation



eporgy hecones o funcbion of temperature L.e,
BLR3mBOO) {1+ X2A,] {81}

Bors B {U) $5 the sctivation enprgy uh lou tempersture and o<
i3 a fanedion of Gerpotatuze ¢

e[/ reg Frop {1 v e SCe2log ) T | (32D

Though the cxporiaonts wers dove 4n & Limited taperoturs Pngdy
the exsellent iinsar plobs 4o hol sugrost ouch o bobperatuve

- dependonte,

othey thewretiesl attopbs®™ ™ 4o gorive the conpensation

pule were restoicted to the tenperature depobdonse of the micher
ef acbivated sorrleors Ao 4 wodel sonsisbing of %wo olectncnie
levsls apeociated with each wolosuler site, ths clestronis sbates
baing ovupled €5 a set r;ﬁ” ¥ oseillators guoosiated with sach
rolocelar sites 4 éﬁa‘a@g@ in the oluetvonic stots { Sue to vapouy
sdgoppbion ) gives rice %o on sobivation snbipopy bassine of &
change in vidratiomal Croqueteles, If ota nozonmes the pemiconduce

tdon savation as 2
/(%) = aylmp ( G/R) emp (= B/ERE ) (33 )

then the varisfion in both e oleotronis cwarey gup {(8) ond the
aotivation entopy {8} can scesund o componsabion offect 4F the



. dhanges 4n those purpmotars ere given by s
BeTy by oud & R RERS

' mﬁr@‘a g n aaﬁmm mm‘hm for oach sy'stm awl Ty Bye Sgy
and &y are sume for 2l ‘the sysbeny, In %shm cosa the e&mmetﬁw
| Astie tomperatare ie given by % & ['%: Z &511

tmfa*t:ﬁumf:s&y ﬁga 6 the fuct thet the hoture of ﬁw s:ac*ehraﬁea :
. @szm { duo ¥ vapeuy ﬂﬁﬁf}ﬁgmiaﬁ 3 is nm; phecisaly knsuiy the |

avtivetion entropy & ( hones 5, ) %z a feletively obscare quantity

snd eny guentitative estimnte of T ;g;;ﬁ rot pogaidle,

- %he ezporiméntel resualts presented here show that the
wmmmeﬁﬁ ﬁ.ﬁ e@n&uwmvmy i& mmmﬁs@ with o ohange 1n achbivas
@tm*s on vapour adsorption. Thils

tion snovgy of the ‘sonieor
e&aﬁge in sotivation enavsy ﬁ-@ﬁaﬁ&ﬁ o the chemieal nuture and

algo on the et of the ‘gapour adgarbed, Iu all tho %éﬁé ptudied
the activation ahergy immases vith the incvense 1n confucbivity,

. This behoviour, howsvory i quite undérstandablo frots the conduc-
'm’?ﬁty oxpPamsion { 2.81 ), IT 7, <By whers ¢ s anyﬁmp@m%m

1n the working rabpt, then (' /25 = 3/f ) becomes pooitive ard

the inoresse in o at a ﬁﬁmwmmm T La aém%&mﬁ with an

| inerease in sotivation enepgy, Thus, & seraiwmtmwﬁ' hovlng T, e
& lower side than the working ge@y.ﬁmﬁm 3%1@51:" a&mw ah sihsteesent



s‘);

in itp confuctivity with the incronse in 4%s entivation sncrgy.
Guelr behaviour bog been obgerved In case of nitrvoovosetic semicon~
ductore. How, it do clear fron the exporinanbe thsd the charses
toristic bemporsture { T4 ) of o genisonductor plays an infortant
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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 "
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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 )
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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)



] a
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
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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
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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
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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.



CHAPITG 8

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



199

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



PIGURE 341

S

280

330

250

Tsi0

A0

e (SHNA ARVELGY

EFN

V) 3ONVBY0SEY

450

REERIPA

)
E LU

 wavenuMBER X 16

awatmm:s nhasrption gpectra of -gnmtmﬂﬁwam { 1)

atd finorons ( B Je



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
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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
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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
| g » Hitvofivorens, -
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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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B WAVE LENGTH (nm), |
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ehogpliopessence excilation speetra of Iy
ot TR,
1, Hethyleyolohexanoy

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.



g:

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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Electronic Spectra of 9-Nitroanthracene : Solvent Effect on:
‘A—'La and *4—'L, Transitions
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Two band systems have been observed in the electronic absorption spectra of 9-nitroanthracene in the
near ultraviolet region having origins at 26100 and 23800 cm~1. These have been assigned as 14—1L, and
14 — 1L, transitions respectively. The emission spectrum of this nitro aromatic compound has also been
reported. A good overlapping between the emission spectrum and the 14 —1L; absorption band has been
observed. It has been siiggested-that the low energy excited singlet state isa = =* and not a n =* state as in
some nitro aromatic compounds. 14 — 1Ly band which is hidden under the intense 14 —1L, band in anthra-
cene, thus, appears in this molecule due to the substjtutional perturbation of nitro group. The solvent effect
on the 14 — 1L, transition energy has been explained in terms of predominent dispersive interaction and weak
dipolar interactijon in non-polar solvents and in terms of orientation-induction effect and local interaction in

polar solvents. The observed change in oscillator strength of 14 — 1L, has been explained in terms of inter-
molecular forces between the solute and the solvent miolecules, the translational fluctuations between the
induced moments and local interactions. ‘Inlermo]ecular force factors’ for various solvents have been

estimated.

1. Introduction

In catacondensed hydrocarbons as one moves
from benzene to higher polyacenes, both 'L, and 1L,
energy levels of benzene move to lower energy. The
lowering in energy of 1L, is steeper than that of 1L,
and in anthracene the longest wavelength band is due
to 14 — 1L, transition and- *4 — 1L, band appears
to be hidden under the stronger 4 — 1L, transition®
at 3700°A. - .

The nitro group is an important chromophore.
In the ground state, each of the two lower bonding
and non-bonding orbitals of nitro group is occupied
by two electrons and the anti-bonding orbital is
vacant. - Substitution of nitro group in the anthracene
ring is expected- to show a strong effect on the
w-eléctronic -states of anthracene molecule. It was,
therefore, thought worthwhile to study the electronic
spectra of 9-nitroanthracene. The effect of various
polar and non-polar solvents on the electronic absor-
ption spectra of this molecule has also been investi-
gated.

2. Experimental Procedure

The sample of 9-nitroanthracene, a grft from
Prof. R. S. Becker, was further purified by repeated
recrystallization using purified benzene. Needle-shaped
vellow coloured crystals having melting point at
146°C were obtained. Solvents of spectrograde quality
were used.

The absorption spectra in various solvents were
recorded at room temperature (25°C) on a Perkin-

Elmer 202 recording spectrophotometer and also on
a Spectromom. 202 spectrophotometer of Hungarian
Optical Co. The emission spectrum was recorded on

"Aminco Bowman' spectrofluorometer.

3. Results and Discussion
3.1 Spectra .

The absorption spectra of 9-nitroanthracene in
various non-polar and polar solvents with the same
concentration at room temperature are reproduced in
Figs. I and 2 respectively. The results of the analysis
of the bands are summarized in Tables 1, 2 and 3. In
all the solvents, a well defined intense band system
at about 26100 cin™* is observed with vibrational
structure. In hon-polar solvents, however, few moré
weak bands appear towards the lower energy side of
this band system. In polar solvents, these weak bands
lose their structure and a general broad weak absorp-
tion band is observed in this spectral region.

£ ‘I Curve Sotvent
% 1 n-Hexang

3 Cyclohexane
Carbon tetrachiords
Benzans

A 2
3 i ~ 3
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Fig. 1—Electronic spectra of 9-nitroanthracene in varrous

. non-polar solvents
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Fig, 2—Electronic spectra of 9-nitroanthracene in various
polar solvents

A close examination of the absorption spectra of
9-nitroanthracene in various solvents reveals that the
strong band system at about 26100 cm™* resembles
the lowest ¢hergy absorption band of anthracene
(Fig. 3). The bands on the lower energy side are struc-,
turally different from the bands in'the intense system
and possibly belong to different electronic transit‘ion?.
This deduction has been further substantiated by the
vibrational analysis of the spectra in various solvents.

It has been pointed out by Coggeshell and Pozef-
sky? that in benzene and naphthalene spectra the vib-
rational spacing involving transitions to a *L, state is

of the order of 1400 cm™ .and in transitions to a L,

state it is of the order of 1000 cm™. The 1400 cm™
vibration is associated with the C—H in-plane bend-
ing whereas the 1000 cm™? vibration-is “the - breathing
vibration of the ring. :

The analysis of the spectra of 9-nitiroanthracene

shows that the separation bétween the bands in -the
inténse system is about 1400 cm™ which possibly is
- C—H in-plane bending vibration. This -vibration
forms a - progression in the absorption 'spectra of
anthracene ‘solution at room temperature (Fig. 3).
But the séparation “between the bands & and ¢ is
about 900 cm~1. ‘Fhis suggests that # and ¢ bélong to
two" different -electronic -transitions. The - separation
between the bands.a-and .b of the lower erergy band
system is much less than 1400 cm™! and is about
1050 cm™: -It-seems ‘that possibly the breathing vib-

ration of the ring forms the progression in the weak

low energy .band §yStem. We assign this band system
10 34 =1L transition, which has been shifted to
red more than the intense 14 —- 'L, transition and
the two band systems have been ‘resolved in this
9-nitroanthracene ‘molecule.

The ﬂemissi'on' spectrum of 9-nitroanthracene has
been investigated. In cyclohexane, emission -has been
Ob%@[Yte The emission spectrum is reproduced -in
Fig: 3. A good overlapping betWeen the observed
emission and weak low energy absorption spectrum
is observed. This observation is interesting in view

54.

of the fact that the luminescence of nitroaromatics is
not yet clearly understood. Many nitroaromatic com-

“pounds exhibit either fluorescence or phosphorescence
“-and few exhibit both types of emission. The lowest

excited singlet and triplet states of nitroaromatic
compounds are usually nearly degenerate and both
nw* and nn* states are present in each molecule. A

‘good overlapping between the lowest energy weak

absorption and the emission shows that both initiates
from the same states which has a wmm* character. It
has been suggested by Plotnikov® that as the size of
the aromatic system increases, m=* state movestoa
level lower energy than the nx* state emergy level.
Intramolecular charge transfer character of the low
=pergy state is also ‘expected to increase with the size’
of the 'polynuclear nitroaromatics. This should
increase the mn® — lxx® transition probability.

Thus, we conclude that the lowest.excited singlet
state in 9-nitroanthracene molecule is a =r* state
and that the -system  having origin at about
23800 cm~* belongs to *4 — 1L, and the other having
origin at about 26100 cm™! belongs to 4 — 3L,
transition.

3-2. Solvent Effect

“Solvation energy—The solvent effects on the elec-
tronic absorption -spectra -of 9-nitroanthracene have
been studied. The non-polar solvents #-hexane, cyclo-
hexane, carbon tetrachloride and benzene and polar
solvents methanol(MeOH), tetrahydrofuran (THF),
1, 4-dioxane and chloroform have been used.

In polar solvents, though *4 — 'L, transition
shows a vibratienal-structure, in *4 — 1L, the vibra-
tional structure is not generally observed. In non-
polar solvents the vibrationa! structure of both
‘4 - 1L, and *4 — 1L, transitions are observed.
However, the vibrational structure observed in -satu-
rated hydrocarbens is appreciably blurred in the
solvents like carbon tetrachloride and -benzene, possi-
bly due to stronger interaction between the solute
and solvent molecules.

The solvent effect on the abserption spectra of
a solute is known to be due to dispersive interaction,
dipolar interaction and in case of polar solvents also
due to the orientation-induction effects of the solvent
dipole on the solute molecule.*> In addition, local
interaction like bond formation, etc. may also affect
the transition energy. Quantitative estimation of the
absorption energy could be made for *4 — 1L, tran-
sition only. For both non-polar and polar solvents,
plots of transition energy against the factor
(n* — 1)/(n® 4 2) give good straight lines, where #n is
the refractive index of the solvent used. The ' linear
plot for the polar solvent is, -however, on the ‘lower
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. Table 1—Absorption Bands of 9-Nitroanthracene in Various Non-polar Solvents at Room Temperature

Broad and weak absorption

Broad and weak absorption

Broad and weak absorption

n-Hexane Cyclohexane Carbon tetrachloride Benzene
Wave- . Tentative Wave-, ’ Tentative Wave- Tentative Wave- Tentative ;
- number Intensity assign- number Intensity assign- number Intensity "assign- number Intensity assign- ;
cm™! ment cm-1 ) ment cm-1l ment cm~1 ment
24150 w 0, ~ 24000 w 0y 23900 vw 0 23700 . vw 0y
25200 vw © 0,41050 /25000 vw - 0;+1050 24950 vvw 0;+1050 24750 vvw 0:1+1050
206250 S 0s 26075 S 02 25975 s 0q 25850 s 02
27625 Vs 0241400425 27475 T . . wvs 05+ 1400 27375 Vs 021400 27250 VS 02+ 1400
29000 . .S 02+2x 1400 . 289_00 s 02+2 %1400 2%750 : S 05-+2x 1400 - 28650 s 02 +2 X% 1400
+25 . , +25° =25 ’ ,
30350 w 0243 1400 30275 w 02+3x1400 30100 vw 02-+3 % 1400 30000 vw 02+4-3x1400
=+25 =+25 o =50 ' =+50
w, weak; v, very; and s, strong
Table 2—Absorption Bands of 9-Nitroanthracene in Various Polar Solvents at Room Temperature
Methanol Tetrahydrofuran ) ‘1, 4-Dioxane Chloroform
Wave- Tentative Wave- Tentative .Wave- Tentative Wave- Tentative
number Intensity assign- number Intensity assign- number Intensity assign- number Intensity assign-
cm~1 ment cm~1 ment cm™1 ment cm~1

ment

Broad and weak absorption

- in the range - _in the range. in the range- , in the range’
25500 cm~1 1o 22000 cm™1 25300 cm~1 to 22000 cm™! 25500 cm~1 to 22500 cm~1 25000 cm™! to 22000 cm-1
26160 s 0» 25950 s 02 25900 s 0, 25875 - s 0
27550 ' " 0,4 1400 27350 v§ 02+ 1400 27300 vs 024+ 14_00 27275 Vs 0241400 -
28925 s Co+2x 1400 28725 s © 0p4+2x1400 28700 s 0p+-2X1400 28675 s 02-+2 ¥ 1400
v, very; and.s, strong.
Table 3—Experimental Oscillator Strength Values and the X-Factors
" Solvent Oscillator (1+X) f:  Solvent -, Oscillator (1XX)fs
" strength : - - strength -
~  Non-polar Polar

n-Hexane 01281 01044 Methyl alcohol 00801 " 0°0674

Cyclohexane ™ 01221 00961 Tetrahydrofuran 0-1078 0°0866

Carbon tetrachloride  0°1130 00869 1, 4 Dioxane 01141 0:0902

Benzene 0-1070 00799 Chloroform ° 01341 01042
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Fig. 3*-Emission and absorpfion

spectra in»‘ cyclohexane

[1, Emission spectrum of 9-mtroanthracene, 2, absorption
spectrum of 9-nitroanthracene; and’ 3, absorption spectrum
of anthracene)

energy range and has a different slope -than that for
non-polar solvents (Fig. "4) A cIose eXamination *of
the expressmn for sol\/ent shlft in the absorptlon
spectra of'a solute as dtscusseq by Basu® leads ‘to
some interesting conclusions.  The linear pth in mon-
polar splvents indicates that the' ‘dispersive interaction
predoniinates over ‘the dipolar interaction. For™ the
14>, transmon of medium 1ntens1ty, this poss1bly
further: suggests ‘that the change iin the dipole nfoment
on excitation. is“smiall in 9-mtroanthracene molecule.
The linear! plot i in polar solvents is not easy to rationa-
lize. Ié possibly .indicates that the difference in
dipole I‘noment in the excited fand in thé ground state
is small and also the'sum total ‘of 'onen‘tatlon 1nduct10n
effect and 'local interaction"is not muéh’ dépendent on
-the solvent refractive indéx. SrﬁaII refractive’ indéx
dependence is, however, present giving a diffétent
slope of the linear plot. Indeed, 9-n1troanthra¢ene is
expected to have strong local " interaction withi- some
polar solvents used. It is known’“"’ that 1, 4 dioxane
forms & weak N--..O bond’ i the same way as
alcohol forms’ hydrogen tond: The hydrogen Bond 'is
much rore stfonget’ than’N......O bond: Tetiahydro-
furan is more polar than dioxan’e and js- similar in
structute and- may form a stronger N------O bond
than dioxane.

Oscillatoi’ strength—«Theoretical studies on the
solvent effect’on‘the J-value of an electronic transition
in the solute moleciile have beén mostly concerned
with the local ﬁeld eﬁ‘ect ¢. g. Lorentz-Lorenz ﬁeld
by Chakos or Bottcher-Onsager field by Schuyer and
Bakhsier ef al. The resulis are always analyzed in
terms of local field contributions and distortions of
electronic charge distribution by the surroundings.

Chako’s correction factor for the spectral intensity .

change is not sufficient to explain the observed
results.. Recently, considering ‘long range  dispersive
forces to be operative, Abdulnur?® has shown that for

the conversion of the .oscillator strength value in
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Fig. 4—The plot of transition‘energy of 4 —!L, band of
9-nitroanthracene agajnst (n®=1)/(a®>+2) where n is the ref<
ractive indéx of the solvent

" solution from | the cotresponding isolated’ molecular

value, Chako’s correction factor (n being the refrac-
tive index of' the solvent) is of minor importance:
compared to an additional ‘IMF’ factor' originating
from thé intermolecular fofces between the solute
and the'solvent molecules and from the translational
fluctuations“between the induced moments.

Our restlts for the f-values in various solvents.
cannot be éxplained® by Chaléos correction factor
" alone. Expanding thé“IMF" factor to include local
interactions=between the solute and the solvent mole-
cules as well, thé-expéfimental oscillator strength im

* solution f; can,be expressed by the empirical relation:

i - . .
L a¥xg=7
where 1/¥ is*the Chako’s factor, £; is the free moleculat-
oscillator strength and X is the expanded-IMF factor:

" We have estimated the values of (1 + X;if; from: the

experiméntally observed oscillator strengths in solu-
tion which are‘presented in Table 3. With the increase
of n, while in polar solvents the f-value increases;
J*value decrdasés in non-polar’ solvents. In case of
non-polar solvents, the disper§ive' interaction plays
a very important role. In going from n-hexane
to benzene the solutérsolVerit interaction increases:
The X factor increases’ with' the increase of
refractive index. Thils, the observed décrease in-
J-value followed by increase in* A+ factor indicates a |,
negative value for this interaction factor in non-polar
solvents. In polar solvents the contribution to- the
X factor is not only due to dispersive interaction or
dipole iriteractions but also due to local interactions.
As has been pointed out before, local bond formation
with 9-nitroanthracene and solvent molecule is possi-
ble. Thus, the X factor in' polar solvents will be in
thesorder :

XMeOH > XTHF > Xaioxane > X\;hloroform
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The experlmentally observed f-values increase in the
same ordef indicatin ga posmve value for the X-factor .
in polar solvents.
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Semiconductive properties of organic compounds :
gas adsorption effect on 9-nitroanthracene
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The conductivity of powdered 9-nitroanthracene in a sandwich cell
has been studied. Conduectivity of this organic compound follows the
operational semiconductivity relation a
o(T') = oy exp.(—E/[2kT).
The intrinsic value of the activation energy (E) is found to be- 2 ev
both in vacuum and in dry nitrogen atmogphere. The specific
gonductivity o (27°C) and the pre-exponential factor (o) are
0-9031 x10%* Q-lem—* and 75-11 Q—lem? respectively. Effect of
" the adsorption of various vapours e.g., carbontetrachloride, benzene,
ethyl acetate, methanol, ethanol and iso-propanol has been studied
at a constant vapour pressure. The change in conduction current
shows a distinet inverse relationship with the ionization energies
of the adsorbed gases. This suggests that charge-transfer interaction
may be responsible for such change. The rise in conductivity is
exponential with increasing vapour pressure. The adsorption kinetics
observed is fast and efficiently reversible which follows the modified
Roginsky-Zeldovich equation.
‘fl_;” — A exp.(—fim/kT)

where 4 is a constant and pAm is the activation energy associated
with the rate of adsorption (dm/df). The factor # has been found
to have inverse dependence upon vapour pressure.

1. INTRODUCTION

Semiconductive properties of organic crysbals on adsorption of gases on the crys-
tallite surfaces in a sandwich cell depend on the nature and strength of interaction
between the adsorbed.gas molecules and the semiconductor. This results in
change in semiconduction current and the activation energy of the semiconductor.
Both organic and inorganic semiconductors are very much sensitive to the
ambient atmosphere (Gutmann & Lyons 1967). It has been speculated by
Rosenberg ef al. that a weak charge-transfer complex formation between vapour
molecule and the semiconductor is responsible for the enhancement in the conduec-
tivity and lowering in the activation energy in case of polyenes and other com-_

pounds (Misra et al 1968, Rosenberg et al 1968). Attempts have also been made *

* Present Address : Nagda, Dist. Dhar., (M.P.)-454001L.
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to explain such change of conduction current on gas adsorption in terms of
physical mixing of original unperturbed semiconductor and the perturbed (due
to gas adsorption) compound at the surface, resulting in so called compensation
effect (Ulbert 1970). A three constant conductivity equation involving change
in the pre-exponential factor (o;) has also been proposed (Rosenberg ef al 1968).

We have undertaken a-programme on the systematic investigations of the
conductive properties of various organic compounds in a sandwich cell on gas
adsorption at different vapour pressures using nitrogen as carrier gas. In this
paper we present our results on the conductive properties of 9-nitroanthra-
cene, adsorption and desorption kinetics and vapour pressure dependence of the
semiconduction current in various ambient atmospheres.

2. EXPBRIMENTAL PROCEDURE

Commercial 9-nitroanthracene was further purified by repeated recrystalliza-
tion using purified benzene. Needle-shaped yellow coloured crystals having
melting point at 146°C were obtained. Solvents of high purity were used to
study gas adsorption phenomenon. The compound in the form of fine powder
was pressed in a sandwich cell between a conducting glass and a stainless steel
electrode. Separation between the electrodes was maintained by 3 mil thick
teflon spacers. A d.c. voltage of 22-5 volts was applied across the cell which
was placed on a thermal bar platform in a suitably designed conductivity
chamber made of brass and fashioned with teflon. The temperature of the
sandwich cell could be controlled from outside. Gas inlet and outlet were also
provided for gas adsorption study. Temperature measurements were made
using a copper-constantan thermocouple, attached at the top of the metal elec-
trode and a millivolt potentiometer. All the conductivity measurements were
made in dry nitrogen atmosphere/vacuum with an electrometer amplifier EA 814
of Electronics Corporation of India Limited. To pass various vapours inside
the chamber, nitrogen was used as a carrier gas which was passed through the
bubbler kept at constant temperature. Repeated heating and cooling of the
sample in nitrogen atmosphere ensured desorption of adsorbed water, oxygen
or any other gas molecules prior to the experimental run. Tempertature of the
sample was maintained constant at 27°C during adsorption studies .at different
Vapour pressures.

3. ReEesuLTs

3.1 Conductivity of 9-nitroanthracene powder

The conductivity of powdered 9-nitroanthracene studied in.a sandwich
cell in the temperature range of 30°C to 103°C in dry nitrogen atmosphere follows
the operational conductivity relation for semiconductors :

o = o, exp(—E/[2kT) : ~ (1)
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as ghown in Fig. 1. In high temperature region, a higher value of activation
energy (about 2 eV.) is observed than that of low temperature region which is
- about 1-4 ev. Thus, the high temperature region might be attributed to the
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Fig. 1. Conductivity in a 9-nitroanthracene powder cell.

intrinsic region for this semiconductor. The specific conductivity (o) at 27°C
and the pre-exponential factor (o) were found to be of the order of 0-9081x 1015
Q-Tem~! and 75-11 Q~*em™" respectively.
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3.2 Gas Adsorption Effect

The adsorption of various vapours, e.g., carbon-tetrachloride, benzene,
ethyl acetate, methanol, ethanol and iso-propanol have been observed to have
a pronounced. effect on the enhancement in the conductivity as shown in table 1.
The adsorption process is fast and efficiently reversible. The initial value of dark
current is reached quickly simply by flushing the chamber with dry nitrogen.
Thig is shown in Fig. 2.
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Fig. 2. The change in dark current in a 9-nitroanthracene powder cell with (a) adsorption
and (b) desorption of carbon-tetrachloride vapour at 32:4 mm. vapour poressure
(sample kept at 27°C).
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3.3 Vapour Pressure Dependence

Measurements were made on the conductivity rise at constant temperature
as a function of partial vapour pressure of carbon-tetrachloride inside the
chamber. The total gas mixture inside the chamber was at atmospheric pressure
and the partial vapour pressure was the vapour pressure of the chemical used.
At constant flow and constant vapour pressure the conductivity after adsorption
o 4(m) follows the relation (Misra et al 1968)

oga(m) = oy eXp (am) . (2)

where « is a constant and m is the amount of the vapour adsorbed. m depends
on the partial vapour pressure of the chemical and in the initial period, also
on the time of exposure. After sometime, however, an equilibrium is established.
Thus we assume that in the initial region-

m()=Qb). p-evvrevnren. (3
Q(t) is a function of time. At equilibrinm
my' = Qo B . (3)
where (), is another canstant. So, at equilibrium
oa(mg) = oy exp («.Q.p). e (4)

A plot of logo(my) versus vapour pressure (p) is expected to be linear. Our
experimental result in Fig. 3 shows a good agreement with this. When small

DARK CURRENT (amp.)

=11
10 L ' . ! 1 N . -

10 20 30 40 50 60 70 80O 90

VAPOUR PRESSURE.(m.m)

Fig. 3. Change in the dark current of 9-nitroanthracene powder cell as a function of the
vapour pressure of carbon-tetrachloride.
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fraction of the surface is covered by gas molecules equation (8) is expanded
from Langmuir’s adsorpition isotherm.

4. Discussion

4.1 Change in Semiconduction current

When the powdered semiconductor is exposed to some vapour, then the mole-
cules at the surface will be influenced much causing change in the conductivity.
If the resulting conductivity change is due to physical mixing of the original
semiconductor and the perturbed semiconductor due to gas adsorption then,
a relationship between the conductivity enhancement and the dielectric constant
of the chemical used is expected. But our experimental results for conductivity
rise at the same vapour pressure as shown in table 1 do not suggest this. The
static dielectric constants are in the order carbon-tetrachloride << benzene << ethyl
acebate < iso-propanol < ethanol << methanol which is not in agreement with
the semiconduction current enhancement. 9-nitroanthracene is an- electron
acceptor because of the presence of mitro-group chromophore. The adsorbed
molecule having electron donating nature may form a weak (D+4-) charge-
transfor complex causing change in the conductivity. Carbon-tetrachloride and
benzene both have approximately the same value of static dielectric constant,
but the conductivity enhancement in benzene is aboub ten times than that of
carbon-tetrachloride, possibly due to the more electron donating nature of
benzene than carbon-tetrachloride. Indeed the enhancement of conductivity
shows a distinct inverse relationship with the ionisation energies of the adsorbed
gases.

Table 1. Rise in the dark current in a 9-nitroanthracene powder cell due to
adsorption of various vapours at the same vapour pressure of 50 mm.

Measured factor for
Vapour carrent rise
[o(steady state)/o(initial)

Carbon-tetrachloride ’ 3

Metha,noi 6

Ethyl Acetate 3x10 |
Benzene 3x10

Ethanol ’ 1-2x 102

Iso-Propanol 9-2x10?
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4.2  Kinetics .
The change in damk current in a 9-nitroanthracene powder cell with adsorp-
tion and desorption of carbon-tetra.chlorlde vapour at 32-4 mm. vapour pressure
is shown in Fig 2. Adsorption kinetics follows Roginsky-Zeldovich. equation

in a modified form (Misra et al 1968, Eleoy et al 1964). It was assumed that there
Is an activation energy assoma,ted with the adsorptlon r&te, Whlch increases
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Fig. 4. Adsorption kinetics data plotted a,ccordmg to Rogmsky Zeldovich equation.




550 Jain, Ghosh, Mallik and Misra

linearly with the amount of adsorbed gas. Thus, the rate of adsorption (dm/dt)
will be

A — Aoxp(=pmikT) . (B)
where f is. a constant.
Integrating (5), we get
m(t) =£Z; log(t-+t,)-1-constant ... (6)
combining (3a) and (6),
p= ﬂl‘é—ﬂ) log(t+1;)-+constant. vee (D)

Now, expression (2) can be re-written as
log 04 = aQ(t) p-+constant. . (8)
Substitution for p from (7) in (8) results in

oakT

7 log(t+£,)+ constant. . (9)

log UA =

A Tinear plot of logo4 versus log (¢41,) is suggested and our experimental
results in Fig 4 are in good agreement. Different slopes observed at different

vapour pressures for the same value of & shows the vapour pressure dependence
of . (Table 2).

Table2. Vapour pressure dependence of the factor g’ for carbon-tetrachloride
vapour adsorption kinetics.

Vapour (Bl=)
- Pressure (mm) (ev.)
32-4 4-074x 102
42.0 3:218 x10—2
5687 | ‘ 2-458 x 1072
79-3 1-907 x10-2
97-95 1-577x10-2

" Qur experimental results indicate that the activation energy associated
with the rate of adsorption is not linearly increasing with the amount of the.
adsorbed vapour.
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