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CHAPITR 3

CHARGESTRAKSFER COMPLEXEG OF COME POLYENCS



Hulidlont suggested that chorgoetronsfer (C7) eomploses
mey play en important role in blologleol systems. Some zsaw:&a,e
fopiieations have boen ddasovesed in s book by Swﬂt—ﬁymﬁ“‘ -
ﬁmy mﬂw@a@ heve produced gvidonce vhichy 1t is clalned, sipports
this propesition. The ides 1o thet the chargo-tronsfey complexes
possoss certaln provertics which ¢nddl bo mmﬁmt in malasgicsl
eystens. The mm noat mxviaus proporty 1s the tronafor c:t a%m*ga
fron one melotule to emtber. Hlootron and cherge trsnafer or
trangpord @gstms ave vammy ﬁﬁpﬂ!’tﬂ!&ﬁ in Blology.

The Mmrm of oleotron ﬁemm end secoptors of veried
Viopotentiol 45 ovw of the bagic povoneters of 14fe and 4 ugsd in
the regulotion of zotivity and the physical state of the eell®,
Heddun yange chorgoetrancfer is poscibly the most frequent and
fundenontel In bMolegics) reosctionn. The forees doveloped dus to
charge-transfeor nay bring sbout the assémiaﬁmﬂ of tuo ord aove
entitios, 1% may further influence couilibrium and rmtivitv.
She proforred conformation rasuwiting from ¢F 4n turn moy eonfar e
blolopicsl eotdvity. It hss boen mggaﬁteﬁ%’ﬁ that CF complex
forastion playe a yole in vospivatory chain of axiﬁ@tﬁ;ve vhosphorye |
mﬁmg chenical mr&imgmamm, drag éﬁt&@n and photosyntiwets, |

The prosence of corotonoids (polvenes) in 1iving systens ang
10 plents is well mamﬂwﬁ. Some cavoteonnld plgnents ars present
in cone layers of eves®, in olfectory aveons = g, in in end dn
membreones 2310 of arimsln, Premencé of czrotencids in chloroplests



“ 78 -

atrongly mggests fts Inwolvement in photogyntbesise. It wos P1att?

wvho muggested that donor-carotens-acecptor tﬂ&z@&@cﬁm esmplex conld
be involved in primayy photosynthosis procoss. Such a complex

wum shift the corotene ahmﬁgmm’hm to much longer wavelength
below the abgorption hende of ehlorophylls and the complex would

be the cnergy sink of the wole aystem, Simple bimoloeulay OF
complex uoy slee worl in the same wey. Charge-iransfer mechaniss
involving other polyenss may well be responsidle for many othey .
blologicel cetivition.

_ Usually €T bando are studied in eolutions. 0F the polyenes
of our interest only vitamin & 1z well smé:ladmfze mgiz!s%{im
observed & hew shaorption band of 10C ook 1n a aizture of B =carotene
and fodine &n m.c:&,.m solntion and atiributed this to o €T band
of p ~caroteme ..uI oOUPLOE. wmy’la.# on the other hend, sgrued
thet the bani observed by Tupinsid, instesd ef being a chorge-
trengfer band of donor-ccceptor typo, was & bend of p «carctene
chifted to longer wavelongth éun to cram-gaatrmsfer effect, thus
suggonting that £ -caroieme. 1 complex has seversl resonance
structures for tho B -carotens ground gtate that would emslise
‘bord longth and couwe 1ts shifting to longer wavelength, Thus it
appears that the usunl methed of obaerving the OF bends in colntion
- with guitedble accentors has m’e boen guccessful with ihe rolyenes
excopt with vitenin 5.

~ 9he important property of the charge-trensfer conplex forces
1o that thoy avrs relatively long-yenge ana eoupsred to cheniesl



forees and thoe typlesl distancos between the moleculon in these
complexos ore 8.2 o 34 2 vheress chemicnl bond lonpths ore leoss
then ebond 1.8 2, Heofore ﬁemrge-»ﬁmngfer interaction con take:
plage, the donor and the aceoplor meleculo oF perts of the melecules
mest be 4in mfficiont proxindty to cech other so that the difler.
enco in elwftz’e-mt@%ml enn bo recopgpized. In meny cages the
myma forcos (e Mm@c&-ﬁim 1w faveo, viﬁews force ate. ’)
operating betveen the mol ecazas ¢an provent such close approasch end
the foraation of the gsharga-transfor conplex 42 not favoured. In
solution, the nolecules areo not 1sclated end the dnteraction botwoen
the noleculse connot be divorced from the offects of the immpdiate
mirrounéinge. OGeneraily the poleridy and the viszconity of & medium
ora aboarved to have & strong effect on the charge~tronsfor inters
acticn,.  In thoe medle of low visconity, Browmian motion which eouses
the molecules to move about reduces the possibllity of thelr ¢lone
approsches In 5 rigid metrix, the molecules de mot oxporience sny
Brownian notion and are hold in sueh closo proximity that chorge-
fepusfer are generclly facilitnted, Thias, the bolesules which peen
rot to interact 4n solution mey do oo in the golid state, It wes,
thepeforo, thought worthuwbile to stody the charge~-tronsfeor comploxos

ary nﬁwaztaMﬂef P*swﬁ'«e@@tm@i, sutaceone o methyl
bixin m tho 2014 state, For thils purpose, wo have pllowved the
vapours of eone acceptors to be afoorbed on the trensperent selfd

i

filne of the pelvenos in quarts cells and %zave_' eolliccted tho snootroe |

geople dots 9 see 17 CT conploxes o¥e Loally formed in the solid
state. In thls chopter tho results of sueh studies are presented,



Ze8  Experiuentsl ond Hesnlts

The sample of il

ironge P ~carotenme 1ike other polyenies wos
chtained fron Hoffmens-Lashoche '{:Zaa.. Ltdey «z;m‘éaeﬂam; This was
uged vithout farther purificstion. 7he structure of this nolvene
is shown in Fig. 2.1, '

;?i;g... 2.1 Structure of plleirpnse /3 ~garotone

Thin filus of polycrystals of the polyenes were é&ﬁe on the
guarts sarface in tho ssme procedurs an mentioned dn the previeus
choptors The solid fiims thus made woro oxposcd % vapours of
mw«e acid, lodine, bromine end Lodire monochiorideo. These ehenis
cols wore of high quality. The abserpiion spectira at room tenpe-
returs (28°0) were rocorded immedintely after exposing the anlid
fiims to vapours by o spoctromen - 902 spectrophotemoter of Hungarien.
t»g?ﬁiml Yorks.

The voon-tomparatura (28%C) a’bs@mu@n spectre of sllstr
-ecarotone, B wapseBimcoratenal; estatence and methyl bixin in the
solid state and the speetra after adsorption of different acceptor
vepours ore shown in Flgs. 9.2 = 5.8. It is seon thet on sdsorption




FIG. 32 ¢ Dleetronie abeorpiion spoctra of glletran: B »earotiene
1 solS4  f1im st 2270 sftor afsorption of different

electron esceptor vapsurs 3 (1), golld film spectrus
withont woapsur asdeorptiong (8) . nltric seid vapsur
sisorntions (3}, iodine vapour sdmerpiiony f4), bronmine
vapour sdeorptions (8), fodine monochloride wvepour
adsorption. (The positions, > mog? OF the now bands
are Indicated by wertical marks. Spectra on adoorption
of dfforent vapours are not normallzed).
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PIG. 53 ¢ Mectronie abgorptlion spectrs of B =epo-0'=carctonsl
20134 Tiln at 287 after edsorotion of ¢ifferent
elsctron agceptor vepours & {1}, ooidd fiin gnectyun
without vapsus aﬁm;mﬁng {2}, 4odine vapour sisorption:
{5}, browine vapour adsorpilong (4}, fofine monscohioride
vopour adsorption, (The positions, 3@@,!; of the new
bands eye indicated Wy verticel nmarka, The opoelra on
aﬁwm&xm of wﬂémsz vapnues ore not norsaliged).



ABSORBANCE (ARBITRARY UNITS) ©
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Fm* St 8 i’leetwpmbmr@ﬁm spectre of asstscono wolid filn
at o8% af%er sdsovption of 4ifferent eleotron
aceaptor wansurs ¢ {1), solid £iln smeetrum withoud
vapur efanentions (2), Sodive vopour sdesrptiong
{5, bremine vepour adsorptions {4}, lodine nonoe
chloride vapour asdsosrptlien {The poaitions, ;m \
of the now bunds are indicated by verticel =arls,
The spectre on adgorption of various vepeurs ars not
nornalinedl .
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- 9,3, -

FI0, 2.5 1 Mectronice abaorption speetrs of wethyl Bixin solid
£13m at 28°C afior slcorotion of d1fferont electyron
accoptor vopours ¢ (1), oolid f1lm spectrum wilthont
vopour sdsorptions (2), fodine vepour edsorptions
{3}, bromine wopony adsovptiong (4), ilcdine monochloride
vopour alsorption. (The positions, ... , of the new
bends are indlcated by verticsl merks. The spoctra
on sdserpiion of varisus wapours sre not pormolized) .
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of accaptor vapours, in eceh polyene & new bend appoers on the
long wavelength side of the speetrs in sddition to the originsl
bands of tho polvens oolld fMime, YWith the fnoreasing anount of
aceeptor molecules adoorbed on the filn mrfece, the intensity of
tris now bend increnses ss 1s nmelly obssrved in cose of a
aharga-—tmmai‘ar bend, This choorvetion is shown 4n Pigs. 5.6-3,8
, ’f@z- All-tronne /; ~Enretono, /B »opesBtwcarotonal , sstocene end
rnethyl bivin, roopoctively. The position of the now bend in each
| zzezmém 1s fourd to be dopondient on the accoptor vapours used and
shows appreciable redeghift with the irmcveccing clectron affindty
. of the m@m;- mmemes._ Ordy aceeptors foirly velatile et
ordinayy tonperatures ave m&tz»;m@ ;mv sueh exporinont. As the
- tmmber of sueh accaptors oy vory linited, omly o few accentors
could be uged. Tho position of the new bends in different polvenss
appearing on odsorption of various accoptor vepours are sommoydzed
In teble 2.1,

3.8 Discussion

In ench polyene the now bend eppenrs on the lower enorgy aide
af the observed eﬁisaima hand of the polyeno ond Lta smpwaﬁm is
ebout 5000 « 7000 en”) feem the P, of tho expsfon band. This
excluiles the possibility of thig bam&. t@ be the low.lying forbidden
bond as digeussed in the provious chepler. The remilts presented
in the provicus section suggest this band to be o chorge-transfer

vond.



PIG. 2.6 : Dnhoncement of the intonsity of the pew band with the
azount of adzorbed acceptor malecules on the s0lid Mo
of siletrans @ =corotone at £2%C. Fhe oolid iineifer
the neat golid £1lm spoectruw. The broken lines represent
the spectrz alftor Sodine vopour adsorptions {1-4). iIn
order of zmmasmg oryrant of iodine moleoules.
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PIG. 8.7 t Tohonesnont of the fntensity of the neovw bard with the
znount 2F adoorbed sCecaptor molecules on the s014d
£1ln of p ~apo-8'scerotanal at #8°%¢, ¥he nolid 1ine i
for the noet solid f1in speotreme The beskon lines
voprosent the apectra sfter lodine vepour edsorptisng
(1=4), in order of increasivg smcunt of fodine molecules.
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¥IG. 8.8 : Enhancement of the intensity of the mew bend with the
4 anount of adsorbed aﬁaépter“meieeulag wn the go1id film-'
of agtacene\af'ﬂaac. The 201id 1lineufor the neat solid £ilm -
speetrum,. The broken iines represent the qgertna-a‘t” '

, ioﬁine vapour edsorptions (1§4), in order of inereasing
emount of iaﬂiﬂe melecules,
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FIG. 29 ¥ Pohancesent of the intensity of the new band with the
emount of adsorbed sccentor neleovulen on the solid flm
of sethyl dMxin st 2%, the esiia :iﬁmtf for the neat
s0X18 £4%n speotrum. The Droken lines ropprosant the
spectre nftor lodine vepour adsorptiony (1=4). in ordep
of $nerpasing emount of feding moleoules.
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Tehlo = D1

Position (33 Y of tho now harnd apnoaring on adsorption of

nax |
d1fforont aconpioy vapours on the soldd fMims of some polyenes

Accoptor R nes Q } |

1letpanine ﬁ»am-%* tntaceng !#mtmrl
,ea-mmtm Gopatensd Pigin

uned

| Hitrie mold 1.59 13900 " ' i -
Todine 2,40 11550 12000 32180 18000
Sromdne 2,60 13300 11866 39800 19000

Tedine 8,70 11300 33800 12500 2700
monoehloarids
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It hog siresdy heon digeussefl in chapter 1 that Mulliken's
theory for charge-tyonafer ecoplex formation leads Yo the egquation
(from eans (1.41)) |

v v A |
hhg = Ip - B + Oy o (2.

Timg for s particuler donoy, a plot of 6&" agolinst Ez should he
lincer. Unfortunslely, relisble valuos of vortiesl electron

sffinitles are very seavee. Apart from the necessary distinetion
botwesn the verticnl aond odlabatic values, (40ferent oxporimentsl
mothode vield difforent remults end eloo cometimes the subpience of
intoreot hes not bLeen studled at all. The volue of Eéz - for nitrie
eedid 15 not svailable in the litorature. Reeently, Chen ord

';i?_amtwm*thm heve emphasized thet the corvelation of h > oy ¥ith

the sbaolute clectron affinition (B,) of acecptors 1s consistent
with the nmied ISnecar equations end thotr agpocioted assumptions.
The sdisbatie cloctron sffinitfes of Ig, Drg and ICL estimated
theoretienlly by Person’ wero 2,4+0,3, 2.650,3 ond 2.7% 0.3 o
respectively agrecing satisfectorily with the experimontal absolute
volues meagured by Hughes ot m?l o have, therefovre, used those
adiebatie clectron affinity volves as the absolute volues, The
value of By for nitric acld hes been folen from Chen ond Wontworth's
tob10d®, | |

Je—

4 plet of Pb&:@ax ('&iﬁéi} of the now band of alleiypnas- p -
corotone azsinst L, iz shown in Fig. 3,10. & satlsfsclory streight
iine is obtained., The fonisotion potentlasl of 2 ~carotene ¢an be
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estimated fron thls og;az‘g

wrve glves Ip 4+ £y = 244 aV. In $ypicel denorescooptor T

vs. B, plot. The intercept of this

complonas, = i’sl 1z umally around 2 @vm ’33«; Thle glves & vaine
of the lonigation potontisl of p ecorotone ag Se04 oV, Tho experie
nentel valuetr® of tortzation potentiol (meamured from pholtoe
euigaion threshelds) of £ wcavotome is 8.5 oV. This sgreement
leads orederce to s aw% linenr plot and dloe to the % a@mﬁpt w8
for this com 5pleR. From amﬂa@i@n {2.1}, one expects & slope of unitly
Zor Vgp vs. Ty plot, Tig. 5,30 gives a slope of 0.44. This low
voluos of zazape_ could be due to thot the cleetron affinity velues .
uged for the plot being abgelute rether thon vertlcal. Turther,
gouation (3.2 i only oprromivate aﬁﬁ thare 1o m'l Tenson to axpeet
that te lost tera in oquation ( ﬁﬁ%)‘ 15 goxligible for oll the .
gmix?a of @ms ond aempwra‘ Infoedly sueh deviation of slope ‘
fron :;mﬂy i a goneral a‘%awawaﬁmn in those typos of @mm:smgﬁ e

The mﬁaﬁmg‘m@ betiesn the fentzation potantlel s of two
fonors end the welues of > woy COTrosponding to theiy €7 complezes
with a conmon ssceptor cen be written {esumming that the 531 values
do not 4iffey mueh in the two complosesias

1 5»:3'@:3@&»%2} = I, (donor-1) + h > epl®= h D w(f}.} {2,8)

1

Trom thio eguotion (5.8), ono con cotinnte the velue of fonizotion
potentisal of donor.s if tm Adorvipation pnobtonticd of the 6@%&*’-‘1{ and
tm appocinted volues of %’ﬁa 5 gp o mem. ”n bave estinated
the value of lonization potontind of pnam-s*wem‘cem}., agtacene
onf nothyl bizin from thio oquation (5.9) aonsldering Ii} (donor - 1)
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ag B850 oV ﬁé.r f wearotens and faking —-Qmm of the new hand for
1odine vapour adsorption 4n oll those polyenes. The estimeted
voluas are 5.50, 5,00 and 5,70 ¢V for B wopo=Bteonrotonnl, astacene
ond mothyl Bimin veavectively. For chavgestransfor bonds, the
eotinated wolues of fonization poteontinl ahould shovw o good agroement
with the volues obtelned by other nethode. Az the velues of fonissw
tion potantiel of theso polyones are not reported, we have alter-
notively evelnsted theso volues from the I veos > o7
o large mmber of other émcmsm with iofine accentor ns shioyn in

plot for

Tig. S.11s These volues are otown in teble 5.2 for comporinon with
cuy eatinated wolues. The exeellont mgresment bBotweon those bwe
gsto of veluea confirms thet the nov bande are cherpe~transfor
bende of the polyenes. | |
The wenk lowelying lﬁg — Y g
adgorption of these acceptor vapsurs possibly due ¢o the htroadening

of tho intanse a,—> 15, vami.

Band 19 not obzerved on

Tho voometoaporature absorpticon apeétz-ez. of olletronse F -
coroteng, R ~apse8'scopotencl, astoconc ond mothyl bisin after
afisorption of I, vepour are shown in Figs. 5,22 = 5,36, Trom these
spoetrn, 1¢ in observed that 4in pddition to the now HYord in the
lomger wavelength side snother new sbsorption bard 1o also observed
at obout 27300 cn™ 4n eoch gngos Tils is the well«lnown absorption
bord of EZ; iangg.» The other obhaorntion "ﬁmﬂ_ of thigs noleculay
fon expeeted at about 35300 m‘i has poscibly boon merged with the



TIC.3.1) ¢ Plot of Do ageinst Ip for €7 eomplesos of o mumber
of donors with icdire scceptor. The donors mre : (1),
banzena; {2), tolasne; {3), mexyleney (4), mesttylene;
(8}, nophinalenay {9), Suverey {7}, pentevethyibensenss
(8Y, Sriphenyleney () hexansthylicngenes (10), chryysones
(21}, awthracensg (18}, pyrane, (Yolues of Vep and Ip
have baen foken from Defg. 27 end 19 respectively).
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- Table « 2.2

Compavieon of the velues of lonizetion potenticl of some polyanes
eotimoted frem this omperiment snd obialingd from TFig, 213

Folyensa | etinated InleV) Yelue of Iyfe¥)

eli-tyreng- £ «Carotane 5a4 | 5480

B «opoeB Oorotonnl. G868 580
Astecons : 5299 8467

Hethyl blxtn B470 870
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FI0. 3:32.3 Wloctronic alsorpiion spoetra of pdlstranse R =carotene
w0148 M3m (08%) ¢ {1}, speotyum withont adeorption
of wapoury (2} spoctron after adeovpiion of lfodine
vopour. {The positions of the now bands ave indicated

by vertlienl marlal,
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FIG. 5:12 v Tlcotysnie abeorption spestra @f/g ~8p0s8i-carotensl
o014 fin (289C) 5 (1), gpeetrum without sdsorption
of vepoury (9, spectium after edsorption of ladine
vagour, (Tho positions of the new bends ave indleated

by verties: markel.
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FIG. 8,34 1 Rloctronie szba@m‘&im spectrs of astacene so11d
#83m (229} ¢ (1), spectrum vithout adsovption of
Yapourt {2)s speetrum after lodine vepour @ﬁ@?aﬁm;
(The positions of the new banda are indicated by
varticsl matis.)
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FiGe 3,18 ¢ Plectronic sbeopption spectra ef nothyl bixin solid
| £33m ¢28%) 1 (33, soeetrun witheut sizovpiion of
yepoury (2), spootium after dodine vopour sdeovption.
{%he positisns of the now bands ave indiested by
vortical maska).
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originsl bands of those polysnos in this rogion. In casze of
iodine, poscibly tineugh the reaction

Pelyone + 2, = (Polyene  .sesed) + I,

the soliyenes form {7 complexes with &:@cﬁ%&m; Tho nov hond ardises
due to trengition from the ground state (Falwm ...n& Y} ¥ the
sreited atute (P aly@ru eossst § of em eonplex,

Contrary to thot sugpested by Threy our results for the
gsa‘?yanas studied imﬁmﬁa *t?mt at least in the wolid stete sinelo
msoname sﬁwamra '

c=c—(c=¢) —e=c..oni 1
15 quite steble and umsl donor asceptor complezes are formad,

%4  Conglustop

| The polyores under investisation can forn chevge-transfor
complexos with mitable secantors An the solid atate.
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