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Semiconductive properties of biologically important compounds:
Gas adsorption effect on vitamin A (alcohol and acetate)

. BISWANATH MALLIK, ALPANA GHOSH and T N MISRA
Optics Department, Indian Association for the Cultivation of Science, Jadavpur,
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Abstract. The change in semiconductive properties of vitamin A (alcohol and
acetate) after adsorption of various vapours om its crystallite surface has been
studied at a constant sample temperature. A rapid enhancement in the semi-
conductivity bas been obscrved. The rise in conductivity has been found to be
exponential with increasing vapour presswre of the adsorbed gas. It has been
suggested that charge transfer (CT) interaction may be responsible for such conducti-
vity change. The adsorption process being efficiently reversible this CT complex is

weakly bound.
The biological implication of these observations is discussed.

"Keywords. Organic semiconductors; gas adsorption effect; gas adsorption kinetics;
semiconductive study.

1. Introduction

The biological importance of vitamin A and other conjugated long chain
polyenes is well known. These are known to have an important role in the
primary mechanism of olfactory transduction (Misra et al 1968 ; Rosenberg ef al
1968). The carotenoids present in the olfactory organ can form weakly-bound
reversible complexes with adsorbed odourous gas molecules which increase the
conductivity of the olfactory membrane leading to the electrical event of olfaction.
Selectivity of smell comes from the interaction of the odourous molecules with
one or the other carotenoid present in the olfactory epithelium. It has been
shown that all-trans fS-carotene is a poor receptor for the methyl acetate mole-
cules but vitamin A alcohol responds very well with these molecules and the
conduction properties of vitamin A change significantly on adsorption of the
acetate molecules. The limited experiment done earlier with vitamin A alcohol
showed the effect of adsorption of methyl acetate molecules only. We have
now systematically studied the effect of adsorption of various gases on the semi-
conductive properties of vitamin A (alcohol and acetate) and have examined the
kinetics of such adsorption. In this paper we present our results.
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26 B Mallik, A Ghosh and T N Misra

2. Experimental

The sample of vitamin A (alcohol and acetate) was obtained from Hoffman La-
Roche, Bombay. We have used these compounds without further purification.
Organic solvents used in this investigation were of high purity. The experimental
set-up is shown in figure 1. The finec powder of the compounds was pressed in a
" sandwich, cell between a conducting glass and a stainless steel electrode. The
separation between the electrodes was maintained by a 2 mil. thick teflon spacer.
A d.c. voltage of 22-5 V 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. There was a gas inlet and an outlet in the chamber for gas adsorp-
tion study. Temperature measurements were made by using a copper-constantan
thermocouple attached at the top of the metal electrode and a millivolt potentio-
meter. All the conductivity measurements were made in dry nitrogen/vacuum
atmosphere with an electrometer amplifier EA 815 of the Electronic Corporation
of India Limited. To pass various vapours inside the chamber,- dry nitrogen
was used as a carrier which was passed through the bubbler containing the solvent
kept at a required temperature to maintain a fixed partial vapour pressure less
than the saturation vapour pressure at sample cell temperature, The pressure
inside the conductivity chamber was kept constant by carefully controlling the
inlet and the outlet flow. The sample cell was maintained at a constant tempe-
rature throughout each set of experiment.

[

it B -~brass SS — stainless steel

CB .~ cooling bath T = teflon :
CCT- calcium chloride trap TB - thermal bar
CG - conductivity glass . TC ~ thermocoupte

- Conductivity chamber
FM- flow meter ) ¥ ¢he

HT - heating tape
RJB-reference junction FM

bath
SC - sample cell —
L
Potentio - !
meter RJB
Const. temp.
bath
1
: , —i|I-
Nitrogen - - trometer T 225V
gas ec ¢ Battery

Figure 1. A schematic diagram of the apparatus used to test the effects of the
adsorbed gases on the conductivity of vitamin A (alcohol and acetate), = -
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3. Results

On adsorption of vapours on the crystallite surface of the compounds studied a
rapid enhancement in the conductivity is observed. The adsorption process is
fast and aimost completely reversible. The initial value of the dark current is
reached quickly simply by flushing the chamber with dry nitrogen (figure 2).
Adsorption and desorption behaviour with vitamin A acetate is similar. The
rise in the conductivity depends on the vapour pressure (figure 3). Different
vapours at the same vapour pressure show different extents of enhancement of
conductivity. The results are presented in table 1,

4. Discussion and conclusions
4.1. Dependence .of the conductivity on vapour pressure

The rise in conductivity was studied at a constant temperature (25° C) as a func-
tion of partial pressure of ethyl acetate. The total gas mixture inside the chamber
was at atmospheric pressure and the partial pressure of the vapour was the vapour
pressure of the solvent used at the temperature of the experiment. For low amount

--o0— Adsorption
~--0-= Desorption

Dork current ( A)

15" R N

0 8 16 24 32 40
T " Time (min)

Figure 2. The change in dark currentin a vigamin A alcohol powder cell kept at 25°C
with repeated injection of ethyl acetate vapour (40-0 mm).
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Dark current (A}

107 | ] [
0] 12 24 36 48
Time (min)

Figure 3. The change in dark current after adsorption of ethyl acetate vapour at
different vapour pressure on vitamin A alcohol.

of vapour adsorption the conductivity after adsorption o, (in) follows the relation
(Misra et al 1968)

04 (1) == oy exp (am) 0y

where o, is the conductivity before adserption of any vapour.

o is a constant and m is the amount of the vapour adsorbed. m depends on the
partial pressure (p) of the reagent chemical. In the initial period, m depends
also on the time of exposure. After some time, however, an equilibrinm is
established. Thus we assume that in the initial region

m@)=0Q().p (2a)

N

Table 1. Rise in the dark current in vitamin A (alcchol and acetate) powder cells
at 12-5° C due to adsorption of various vapours at the same pressure of 40 mm

oszloy

Vapour Dielectric Tonisation

constant potential Vitamin A Vitamin A

at25° C V) (alcohol) ' (acetate)
Toluene 2-38 8-81 2-3 x 104 5-0 x 104
Benzene 2:28 (20° C) 9:24 67 x 103 1:7 x 104
Ethylacetate 6:CO 10-11 6-5 x 103 1-3 x 104
n-heptane 1-93 (20° C) 10-35 4.0 x 108 3-8 x 103
Ethanol 24-30 10-50 3.0 x 102 2:0 x 103
Methanol 32-60 - - 10-85 - 4.5 x 10 3-2 x 102
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where Q(2) is a function of time. At equilibrium, ,
my==0Q,.p . ) o (2b)

where Q, now becomes independent of time. This is expected from Langmuir’s
adsorption isotherm, when a small fraction of the surface is covered by gas
molecules. Hence,

oa{m @} =0y expla. Q). p} A ' (3a)
and at equilibrium -
Gq(my) =cpexp(a. Qg.p). - . (3b)

A plot of" log o,4(my) versus vapour pressure (p) at equilibrium is expected to
be linear. Our experimental result in figure 4 shows a good agreement with this.

4.2. Change in conductivity in different vapours

When the powdered semiconductor is exposed to some vapour, the vapour mole-
cules may enter the inter-space between the crystallites and form a dielectric
medium different from the original one. If the conductivity change on adsorption
of vapours is due to such physical mixing, a relationship between the conductivity
enhancement and the dielectric constant of the vapours wused is expected. But
our experimental results for the conductivity rise at the same vapour pressure for
different vapours (table 1) do not suggest this. The static dielectric constant
(Treiber and Koren 1951) of the vapours used are in the order n-heptane <
benzene << toluene < ethyl-acetate < ethanol < methanol which is not in agree-
ment with the semiconduction current enhancemment (table -1). It has been
reported (Pullman and Pullman 1963; Platt 1959; Mairanovsky et al 1975) thdt
polyenes can act -both as electron acceptors and electron donors. The adsorbed
molecules may form a weak (D*A-).charge transfer complex with vitamin A

~N

— =7
198 110
/
. A 58
10° Vitamin 10
;I:, A alcohol A
T -
I 160 - p/d ~ 16°
) ’ Vitamin
= . A acetate
o -
SRTR —116°
~ . e [
102 | TSN R BN SN B

20 30 40 50 60 70
Vapour -pressure:{mm)

Figure 4. Change in the dark current of vitamin A (alcohol and acetate) powder
cell as a function of the vapour pressure of ethyl acetate.
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resulting in a change in the conductivity. In such a case, the current enhancetent
should show a relationship with the jonisation potential or the electron affinity
of the reagent molecules. The reagent molecules used are generally electron
donors (Foster 1969). Table 1 shows that in general as the ionisation potential
(Gutmann and Lyons 1967; Lorquet 1965) of the vapour molecules decreases,
semiconduction current enhances. These results show that the enhancement of
conductivity is possibly due to the formation of donor-acceptor (D*+ 4~) complexes
of these compounds with the vapour molecules adsorbed. The fact that the
conductivity change is efficiently reversible shows that any C-T complexes formed
are ‘weakly bound.

4.3. Kinetics

The adsorption kinetics follows Roginsky-Zeldovich equation in a modified form
(Rosenberg ef al 1968 ; Eley and Leslic 1964). It was assumed that there is an
activation energy associated with the adsorption rate, which increases-linearly
with the amount of adsorbed gas. Thus, the rate of adsorption (dm/dt) will be

dmjdt = A exp(— SmfkT), @
where f is a constant. Integrating (4), we get

m() = I%T log (¢ - #,) + constant | (5)
From ( Ij and (5 we get,

logo, = iﬂT— log (¢ + ¢,) - constant. i ©6)

Thus, a linear plot.of log o, versus log (¢t 4+ ¢,) is suggested from (6) and our
experimental results in figure 5 are in good agreement with this. In the initial
region, different slopes observed at different vapour pressures show the vapour
pressure-dependence of f (since « is pressure-independent). The higher the
partial vapour pressure, the larger is the slope. This justifies the assumption
made in expression (2) and shows an inverse relationship between p and f (table 2).

Table 2. Vapour pressure dependence of the factor f' = (B/a) for ethyl acetate
vapour adsorption kinetics.

Vitamin A (alcohol) Vitamin A (acctate)
Vapour B’ Vapour B’
pressure V) pressure V)

(mm) (mm)

31-0 T1h202 X°10-27 7703140 : 0-8V19— X 10~2

35-0 1-005 x 10-2 35-7 0-753 x 10-2

37-5 0-930 x 10-* 417 0-660 x 10-2

43-5 0-759 x 102 48-2 0-601 x 10-2

50-5 0-643 x 10-2 -55-2 “0-518 x 102 .
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Figure 5. Adsorption kinetics data plotted according to Rogmsky-Zeldowch
equation for v1tamm A alcohol.

The change in conductivity of f-carotene with repeated injection of odourous
gas molecules in the chamber was found to decrease with the number of repetition
of the exposure. This was related to fatigue effect in olfaction (Rosenberg et al
1968). In the present investigation, we have studied the change in conductivity
of vitamin A with injection of ethyl acetate vapour in the chamber and have
observed similar effect.” This is shown in figure 2. However, our observed
change is not large enough in comparison with that of f-carotene (Rosenberg
et al 1968). This is possibly due to the fact that the present experiment was
performed at a low vapour pressure and also at higher temperature of the sample.
From the desorption curves in figure 2 it is observed that after a number of exposures

- to ethyl acetate vapour, a longer time is required to bring the current back to the
original value on nitrogen flushing. This may be due to_the fact that for long and
repeated exposures strongly bound complexes are formed and such complexes
unlike the weakly-bound CT type complexes, do not affect the conductivity
change significantly. ’
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Electronic Spectra of Polyenes :

T Evidence of a Low-lying Forbldd\,n Transition

in some Linear Conjugated Polyenes

\
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Electronic absorption and emission_ spectra of all-trans vitamin A alcohol, a/l-trans vitamin A acetate,
B-apo-8‘-carotenal and astacene have been investigated. The effects of different solvents on the absorptxon and
emission bands of these polyenes are appreciably different. This indicates that different excited states.are involved
in absorption and emission. Effect of adsorption of certain gases on the crystallite surface of B-apo-8’ carotenal
and astacene has been discussed. On adsorption of certain gases, a new band appears on the low-energy side of
the strongly allowed 1B, state. It has been concluded that in these long-chain polyenes there exists, a low-lying-

forbidden 14, state below the strongly allowed 1B, state.

1. Introduction

IN RECENT YEARS, interest in the electronic spectra
of linear conjugated polyenes'-5 has been revived.
Little experimental work has been done in this class
of molecules in comparison to the effort expended in
aromatic-molecules. The strongly allowed transition
in the visible and near UV region of the spectrum in
the linear polyenes has been known so far to be the
lowest excited singlet state, 1B,. The absorption and
emission spectra of these molecules show very little
or no overlap®®. Some workers have tried to explain
it on the basis of “Franck-Condon forbiddenness’.

It has been shown by Schulten and Karplus* that
when double excited configurational interaction is
taken into account, a singlet.(*4,) state appears below
the strongly allowed 1B, state in some polyenes like
butadiene, ‘hexatriene and octatetraene. Hudson
and Kohler® have presented some experimental evid-
ence that there exists a low-lying forbidden state
below the well-defined lowest w-electron state in «, w-
diphenyl octatetraene. Recently, Mandal and Misra’
have shown that adsorption of certain gas molecules
on the solid film makes this transition allowed. We
have extended such investigations to some more poly-
enes. In addition, the effect of different solvents on
absorption and emission spectra of these polyenes
has been studied, and the results are presented in this

paper.

[

2. Expenmental Procedure

The polyenes employed in the present study are.
all-trans - vitamin A alcohol, all-trans vitamin A
acetate, B-apo-8'-carotenal and astacene. Compounds
of high quality obtained from Hoffman-La Roche Co.,
Switzerland were used without further purification.

Solvents used in this investigation were of the spectro-
o . R R R

grade quality. The absorption spectra were recorded
by a Perkin-Elmer recording Spectrophotometer-202
and Spectromom-202. The emission spectra were recor-
ded by Aminoco Bowman spectrophoto fluorometer.
Thin films of polycrystals of the polyenes were
made on the quartz surface by gently rubbing the
material. Solid films thus made were exposed to
vapours of various solvents. The exposure was made
by holding the films for about 5 min over a beaker
containing the chemicals. The films were thus exposed
at the saturated vapour pressure of various chemicals

- at room temperature (25°C).

3. Results
In the polyenes studied, a very broad absorption
band is generally observed. The absorption spectrum
of B-apo-8'-carotenal in non-polar solvents, however,,
consists of three vibronic bands with the central one
most intense. This structure represents an upper
state fundamental of about 1000 cm~. In common
polar solvents, this vibrational structure is completely
lost and only a very broad absorption band is observ-
ed. It has been observed that the absorption bands
are strongly solvent-dependent. In all the polyenes
studied, the emission spectra do not show any vibra-
tional structure and no mirror image relationship is
observed with the intense absorption band. The room
temperature absorption and " emission spectra of diff-
erent polyenes in ethyl acetate are shown in Fig. 1.
Though the absorption and emission spectra of B-apo-
8'-carotenal show some overlap, such overlaps very
small for astacene and in case of all-frans Vitamin A
(alcohol ~and acetate) practically no overlap is
observed. .
. The effect of different solvents on the absorption
and emission spectra of all-trans vitamin A alcohol ig

s e ase [ 1
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Fig. 1—Absorption and emission spectra of different polyenes in ethyl acetate at room tempcrature,
[1, All-trans vitamin A alcohol; 2, all-frans vitamin A acetate; 3, 8-apo-8’-carotenal; and 4, astacene]

| i ) 1
360 : 300 : 240 - - 180
: WAVENUMBER (cm™ ) X102 :

Fig. 2— Absorption and emission spectra of all-trans vitamin]A alcohol in different solvents at room temperature. 1,
Methanol; 2, ethanol; 3, ethyl acetate; 4, 1, 4-dioxane; 5, carbon tetrachloride; and 6, benzene)
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shown in Fig. 2.- The absorption spectra show. large
solverit shift, but for .emission spectra such shift is
small. '

The room temperature . absorption spectra of
B-apo-8'-carotenal and astacene in the solid state and
-after vapour adsorption are shown in Figs. 3 (a) and
(b) respectively. To see the effect of the adsorption

of gases on the solid film, various vapours were used.

{a)

RELATIVE INTENSITY —>

230
WAVENUMBER (cm X102

270

Fig. 3—(a): Absorption spectra of B-apo-8'-carotenal (1, Ab-
sorption spectrum for the solid film; and 2, absorption
- spectrum for the solid film after pyridine vapour. adsorption.
Resolution of the total adsorption; spectrum for the solid
film after pyridine vapour adsorption ; 3, band of the solid
film; and 4, new band]
(b) : Absorption spectra of astacene [1, Absorption spectrum
for the solid film; and 2, absorption spectrum for the solid
film after aniline vapour adsorption. Resolution of the total
absorption spectrum for the solid film after aniline vapour
adsorption: 3, band of the solid film; and 4, new band]

With all the vapours studied, the effect - is similar
except that with certain of these the effect is more
pronounced than with others. Pyridine vapour adsorp-
t{on on B-apo-8'-carotenal affects the absorption
spectra intensely whereas aniline -vapour shows a
strong effect on astacene spectrum.

The absorptlon spectrum of B-apo-8'-carotenal in
the solid state, as shown in Fig. 3 (a), is a broad
band. After exposure to various vapours, the solid
state spectrum shows a marked change in which a new
band appears at about 16660 cm™. The other band
remains unchanged.  '#2°°

The absorption spectrum of astacene in the solid
state is also a broad "band. ‘When solid film of this
ponene is exposed tosgxﬁ‘erent vapours, a new band
appears at about cm™ along with the band

observed before vapoilr adsorption.

S

-

4, Discussion
For strong absorption band of linear polyenes, the
solvent shift® can be expresscd in the form

-1

1z +2
where k is a parameter which is constant for a given
molecule, ['is the oscillator strength for a Parncular
transition and n is “the refractive index of the solvent.
The absorption band of the polyenes under jnvestiga-
tion shows a large red shift with the increase of the
refractive index of the solvents. Butin case of emis-
sion, this shift is very small compared to that for
’ absorptlon In Table 1, valurs of vmax for the absorp-
tion and emission of some polyenes in- various sol-
vents are given. Our experimental results show that
in all the polyenes studied, the plot of v vmax for both
absorption and emission against (n*—1)/(n?+2)is a
_straight Ime. In Fig. 4, such plots are shown. The
slope of the plot for absorption (which is a measure
of the oscillator strength involved) is about seven
times larger than that for emission. This difference in

AV = k.f.

Table I —Solvent Effect on the Absorption and Emission Bands of Some Polyenes
(vmax in cm~1)

30303

Vit. A alcohol Vit. A acetate B-apo-8’-carotenal Astacene
Solvent (P =D(*+2)  (Smax)E Gmada GmaE  (Fmax)a ("max)E (Gmax)4  (Smax)E (Smax)a
Methariol 0:203 21008 30864 20833 30614 - - ==
Acetone 0-219 - - - - 19157 21880 18018 20746
Ethanol 0-221 20964 30769 20833 30581 — - - -
Ethyl acetate, 0227 20942 30722 20730 30534 19157 21739 17857 20661
n-Hexane 0-228 - - - - 19011 21790 T — -
1, 4-Dioxane 0-254 20042 30534 20790 30487 19083 21459 17921 20408
Cyclohexane 0257 - - - — 19120 21500 - -
Carbon tetrachlonde 0275 20964 30303 20876 30030 19047 21270 17889 20242 .
Benzene 0294 20920 20790 30030 19083 21220 17889 20202
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Fig. 4—Plots of ymax against (n®*—1)/(r>+2) for the lowest
energy absorption band and the highest energy emission band
of the polyenes studied '

Curve

Polyene
- - Absorption Emission
= All-trans vitamin alcohol 1 2°
All-trans vitamin acetate : 3 4
Apo-8’-carotenal S 6
Astacene 7 g 7

solvénf behavio{lr and the small overlap of the

absorption and emission bands indicate that the
absorbing and ‘emitting states of these polyenes are

different. The existence of a low-lying n-electronic

staté below the strongly -allowed B, state in these -

polyenes is thus indicated. by such solvent behaviour.

Weliave observed that' when certain vapours are

absorbed on the surface of crystals, a new band

appears in f~ apo-8'-carotenal and astacene. There is .

a large overlap between the new band and the usually
observed intense band. In order to get the longest

b

702 -

- wavelength band contour out of the total spectrum
-we have resolved qualitatively the whole spectrum
into two parts—one corresponding to the new band
and the other to the solid film spectrum before vapour
adsorption. The resolved spectra are shown in Figs.
3 (a) and 3 (b).

- We have studied the emission spectra of the poly-
enes in solution only. These emission bands in case
of Vitamin A (alcohol and acetate) show good over-
lap and mirror image relationship with the new band’.
In B-apo-8'-carotenal and astacene, the emission
bands are slightly on the high energy side of the new
band in the crystal film. In view of the fact that

~ free molecular electronic energy states are generally

lowered in the state of aggregation, the emission of
these crystal film polyenes is expected to be on the
lower energy side of that in solution, and omne can
then reasonably expect to get good overlap between the

new absorption bands and the emission bands of these

polyenes in the crystallme’ state. ‘Unfortunately, the
emission from the crystalline film of these polyenes
could not be recorded. We conclude that the new
absorption band which appears as a 1esult of-adsoip-

“tion of gas molecules  on the solid film of polyenes,

corresponds to transition {o the lowest excited state
which is possibly a *4, state. The adsorbed gas mole-
cules introduce the perturbation required for the
enhancement of the low-lying forbidden transition.
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NOTLS
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On the Evndcnce of a Low—lyin" Forbidden ‘
-Eleciromc State in Mefhyl!nxm :

E!ccuomc absorption and ermission spectr'\ of methylbnxm
- have been studied. “Thie solvent behaviour of absorption and
-cnnssion bands is dlﬁ‘ercnt A large solverit shift appears
in '\bsmptlon whereus in emlssmn stchshift s very“small, .
No mirfor image relation between. nbsorptmn and “emission’
.pectra exists.
there ‘exists a low—lymg forbidden lLelcctromc statc {14g)
'below !he stron;,ly a!lowud lB,_, smte ’

Accordmg to semi- empmcal and a prxorx ca.lcula-

txon31 the excited electronic states of linear polycnes

are 1By, % 4,, YA, and 1B, in order of increasing eénergy. - -

- The lowest singlet-singlet transmon of polyencs is
i A’
- mental-evidence’ ‘that there is no -or little overlap
- between the origins of absorptxon arid emission.*
Attempts have been’ made? to explain it in’ fernis of
Franck-Condon forbiddenness. - A recent theoret:cal
erk‘ has shown that inclusion of . double-excxtanon

conﬁguranon mteractlon for the excitéd ‘statés. in

-addition. to single-excitation conﬁguratnon in semi-
- empirical-and g Priori calculatmns fowers s:gmﬁcan—

Uy the lower 14, state in the energy so that & forbid- - '
~den 340 state appears below the strongly allowed 1B,
mvesuganom‘ 1 of -

"smte Rccenr expenmcmal

forbidden Hl-clectronic . state (‘A,,.) below ‘the' e

.expected thatin polyenes the enérgy of absorptxon

".resiilts on the effect of different solvents on:
_ absorptxon and cmtssaon speetra of methylbixm.‘.

: from ‘Hoflman-La Roche- Co.;

: structure becomeés blurted in . ‘some solvents. -
effect of different solvcnts o the spectra results | i a

it has beeri suggested that in this' polycnc o

1By and is strongly’ a!lowad There is experi~

s

polyenes have shown thut there cxxsts a Iuw-lymg

studu.d fowest [T-glectronic: state. ‘B,. It is; therefore,

*B, state and of entission - from 14, " state wm,showf
différent solvent effects. - In this note, we preseit -

théf;

' The compound under inyestigationis obtaifiéd *
Switzerland ‘and use.d‘
wnthout further punﬁcatxon Solivents used are of
spectrograde quality. ' The absorphon and Lmlssmn“
spectra are recorded at room temperaturé by Spca-‘

‘romom-202 spectrophotometer and ‘Aritinco Bowm'm
..specuoﬂuoromcter respectwely RN

The absorptxon and ‘emission spuctra of this poly~
ene in’ benzepe are - shown in Fxg 1. It is observed
that the absorptxon spectrum cOnsxsts of three: bero-"
nic bzmds with thie central- one ‘most mtense. * This

* structure is the . upper. state fundamenta) of .. abouit

1000- «:m“1 Due to the solvent: solutc interaction this
"The

shxft of the position of the band. It is found thar

_the absorption and emission spectra shift dxﬂ’emnly

when the solvent 1s chianged:’ Also the. absorption

: spectrum is much “more; solvent—depcndent than' the

emissjon spectrum, the Tatter does” not resemble the
-former and no mlrror xmage re]atxon bctween abcorp-
tion-and emission exxsts . .

The absorption band of the po!ycne shlfts morc

" towards red thh the. iticrease of the refractive mdex
of the so]vents whereas this~ shift -is. comparatwely

very ‘$mall in emnssxon. Thxs solvent shxft is expres«

<sed in the form®® = R

AT = kf(nz 1)/(n“' + 4) S

. 150 : T
L . Lo
L a Sl
e .
*, X g
e ) ¢ pe
& -100f -
@B o
i Q- g4
u v &
R ’ S
o ' <
N Sy i
. sof ’ -4z
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&0 'I‘nble 1——Solvem Effect on the Absorpuon and Emisslon' )

P Bandsochlhylbnxm o

Fxg 2= Plot of'v
< o

L AR =1 Transition Encrgy .
[ Solveat -~ :A+2 . ' TEmission. . Absorption . -
e : 1‘..’ i , o {is ij.l) . (in cm") -
UAcctone’ 02195 T 18796 . T 21645
- Ethanol = - 02217 ‘ 18761 21598
Ethy] acetate 0°2272 18726 21505
L 4-D|oxane 02546“ 18691 | .212200
: -Cyclohexane 0.2578 18796 21186
. Carbon . . S "
tetmchlonde 02754 (18726 C 0209200
.Benzenc 0"’946 18691 20920
: 218
Tg { -
:To',‘_. 2i0}- g or
xg. éﬁl :
- g19dl
(LR
| v
R « . Q v
,o°° B A I - SRR
186 > L .
200 240 200 320

max '

) and emlssxon (— ~ -—-)

" Here k'is a parameter ‘constant for a given molecule, .
f the oscillator strength for a parncu]ar transmon

and n the refractive index of the solvent. The pom-
txons (Vmax) Of the lowest energy absorptlon and the
hlghest energy emission bands in different ' solvents
are shown. in Table I.
show that the plot of y in

- versus (n®= DR+ 2) for absorpnon B

Our experimental - results
. versus the solvent po!anz— ’
abxhty (n“-—-l)/(n2 -+ 2) for both absorptxon and emis-:
sion is a straight liné as “shown in Fig. 2, _The slope
Qf this plot gives a measure of the- oscillator strength -
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“of the electromc transjtion and it is found- that the Lo
", oscillator strength for the transition involved in ab- i

i ‘sorption is much greater than' that for emission. This
- difference in solvent behaviour and the absence oi‘ )
“Imirror image ‘relationship- between qbsorpnon ‘and

cmlssmn lead to-the suggestion that - the - electronic

© states mvolved - absorptxon and emission are diffe-
~-rent Thus the solvent behaviour of _absorption_and

_ cmission indicates the presence of a low- slying forbid-

den II- elcctromc state below’ the strongly allowcd 1B,, ‘
: statc in thls polyene :
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On adsorption of some electron acceptor molecules on the
solid films of all-trans-B-carotene, a new absorption band appears
on the longer wavelength side of the spectrum in addition the
original bands of all-frans--carotene. The position of this mew
band is dependent -on- the-electron. effinity (EA) of the acceptor
molecules, A linear relationship between the of vmax the new band
and Ea has abee observed. The ionization potential of all-frans-B-
carotene has been estimated from the intercept of this plot. The
value 5.44 ev obtained agrees satisfactorily with the experimental
value, It has been concluded that all-frans-B-carotene behaves
as an electron donor and forms charge-transfer complexes with
suitable electron acceptors.

THE observation that g-carotene may form charge-

transfer (CT) complexes was made by Platt' who
suggested that donor-carotene-acceptor trimolecu-
lar complex could be involved in the primary photo-
synthesis process.
iodine in CICH,CI solution Lupinski? observed a new
absorption band at 10000 A proposed as charge-trans-
fer band of @-carotene....I* complex.

Ebrey®, on the other hand, believed that the band
observed by Lupinski, instead of being a charge-
transfer band of donor-acceptor type, was a band of
B-carotene shifted to longer wavelength due to charge-
transfer effect, thus suggesting that B-carotene-1t.
complex has several resonance structures for the g-
carotene ground state that would equalise bond
length and cause its shifting to longer wavelength.

Significant change in semiconduction current and
activation energy of g-carotene powder cell on
adsorption of certain gases and vapours on the crystal-
line ' surface has been attributed to possible CT
complex formation between 8-carotene and the adsor-
bed vapour moleculess, We have studied spectro-
scopically the effect of adsorption of acceptor vapours
on the solid film of B-carotene to'see if CT complexes
are really formed in the solid state. The results of
such studies are presented in this paper. -

The sample of all-trans-f-carotene of high quality
has been obtained from Hoffman-La-Roche Co,
Switzerland. We have used this compound without
further purification. Thin films of polycrystals of
this polyene have been made on the quartz surface
by gently rubbing the material on it. The solid films
thus made have been exposed to nitric acid, iodine,
bromine and iodine monochloride vapours. These
chemicals are of high quality. The absorption spectra
at room temperature (28°C) were recorded immedia-
tely after exposing the solid films to vapours. Spectro-
mom-202 spectrophotometer of Hungarian Optical
Works was used. ‘

*Present Address: : Physics Department, Govt. P. G. College
Durg (M.P.) }

In a mixture of B-carotene and -
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Flg. 1—Electronic absorption. spectra of all-trans-g-carotene
solid film after adsorption of different electron acceptor vapours.
[(1), all-trans-B-carotene solid film; (2), nitric acid vapour
adsorption; (3), iodine vapour adsorption; (4), bromine vapour
adsorption; (5), iodine monochloride vapour adsorption].
(The position vmax Of the new bands is indicated by a vertical

mark)}
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Fig. 2—Enhancement of the intensity of the new band with the

amount of adsorbed acceptor molecules. [(—), no adsorption;

(....), on adsorption of I; vapour; (1-4), in order of increasing
amount of acceptor molecules)]

The room temperature absorption spectrum of all-
trans-g-carotene in the solid state and the spectra
after adsorption of different acceptor vapours are
shown in Fig. 1. In the latter case, a new band
appeas on the longer wavelength side of the spectra in
addition to the original bands of B-carotene solid
film. With the increasing amount of acceptor mole-
cules adsorbed on the film surface, the intensity of
this new band increases as is usually observed in the
case of a charge-transfer band (Fig. 2). The position
of this new band is found to be dependent on the
acceptor vapours used and shows large red shift
with increasing electron affinity of the acceptor
molecules. Only acceptors fairly volatile at ordinary
temperature are suitable for such experiment. As
number of such acceptors are very limited, only a
few acceptors could be.used. The position of the new
band appearing due to the adsorption of different
acceptor vapours on the solid film of all-trans-p-
carotene are summarized in Table 1.



TABLE 1—DPOSITION (Vmsx) OF THE NEW BAND APPEARING ON
ADSORPTION OF DIFIERENT ACCEPTOR VAPOURS ON THE SOLID
FiLM oF all-trans-B-CAROTENE

Acceptor used Ea (ev) Ref. " vmox (cm™?)
Nitric acid 1.83 5 13900
Todine 2.4 6 11550
Bromine 2.6 6 ' 11300
ICI 2.7 6 11100

The Mulliken theory for charge-transfer complex.
formation leads to the equation®.

c
b= I'—E 4+ ¢+ —C
TP A r'—e +¢ W

where Avcr is the energy of the lowest energy inter-
molecular CT band, I} is the vertical ionization
potential of the donor, E) is the vertical electron
affinity of the acceptor and C; and C, are constants,
The last term is often small, so that its variation can
be neglected, giving the equation

her=1I, —E +C ..Q)

Thus for.a particular donor, a plot of Avcy against
EY should be linear. Unfortunately, reliable values
of vertical electron-affinities are very scare. The verti-
cal electron affinity of nitric acid is not avaiable in
the literature. Recently, Chen and Wentworth-
have emphasised that the correlation of Aver —with
the absolute electron affinities (E4).of acceptors is
consistent with the usual linear equations and their

associated assumptions. The adiabatic electron

. affinities of I,, Br, and ICl, estimated theoretically by
Person®, were 2.4 -+ 0.3, 2.6 + 0.3 and 2.7 + 0.3 ev
respectively, agreeing satisfactorily with the experi-
mental absolute values measured by Hughes et al.’
We have, therefore, used these adiabatic electron
affinity -values as the absolute values. The value
of E4 for nitric acid has been taken from Chen and
Wentworth’s tabled.

A plot of vpax (cm™) of the new band against
Ea gives a linear curve (Figs. 3). Theionization poten-
ial of B-carotene can be estimated from this vmax
versus Ea plot. The intercept of this curve gives
Ip + C, =244 ev. In typical donor-acceptor CT
complexes, —C; is usually around 3 ev®8. This gives
a value of the ionization potential of B-carotene as
5.44 ev. The experimental®1® value of the ionization
potential of B-carotene is 5.5 ev. This agreement
leads credence to the above linear plot and also to
the CT concept for this complex. From Eq. 2, one
expects a slope of - unity for vcr versus Ex plot.
Fig. 3 gives a slope.of 0.44. This low value of slope
could be due to that the electron affinity values used
for the plot being absolute rather than vertical. '
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Fig. 3— Plot of vmax (cm™Y) against 5
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Fig. 4—Electronic absorption spectrum of all-trans-3-carotene
solid film after adsorption of I, vapour. [The position of the
new.bands is indicated by a vertical mark]

Further, Eq. 2 is only approximate and there is no
reason to expect that the last term in Eq. 1 is negligible
for all the pairs of donors and acceptors. Indeed,
such deviation of slope from unity is a general observa-
tion in these types of experiments*'»12,

The room-temperature absorption spectrum of all-
trans-B-carotene in the region 40000—%000 cm-!
after adsorption of I, vapour is shown in Fig. 4.
From the spectrum, it is observed that in addition to
the new band in the longer wavelength sid: another
weak new band is also observed at about 27200 cm-..
This band is possibly the absorption band of I~ ion.
The other absorption band of- this molecular ion
expected at about 33900 cm~! has possibly been’
merged with the original band of all-trans-3-carotene
at 35400 cm™. In the case of I,, possibly through the
reaction ‘ ‘ - : .

g-carotene + 2I, == ( B-carotene * + 1,

B-carotene forms CT complex with iodine. The
observed new band on the longer wavelength side.
arises from the transition between the complex in its
ground state (B-carotene.... I*) and the excited
state of the complex (B-carotenet....I) ~

Contrary to that suggested by Ebrey, our results
indicate that at least in the solid state single resonance
structure .

C=C—(C=Cp—C=C..... I+ .
is quite stable and usual donor-acceptor complexes
are formed.

Thanks are due to~the Council of Scientific &
Industrial Research, New Delhi for financial support



and to the Hoffman & La-Roche Co., Switzerland for
a generous gift of the sample. Thanks are also due to
Prof. G. S. Kastha for his kind interest.
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Campenmmm Effect in Senlmnducting
\'iiamln A (nlco’ffel and neetate)- -
Blswanmh Mnum Mmma Ghost

_and TN, Miska
Ophr: Dcpartmm!

im‘: -?n Associdtion for the Culrivation of Scfence, o

 Jadivpier, Cafcuna-foo 032 Indin .
(Rggej\-cd Scp!ember !2 N _!978)

ln organic semiconduclor thc compenaahon
ruic. a linear relahonslnp between; the logarithm.
of' the prc-exponcnual factor in the expression
Tor specnﬁc conductivity and -the semiconduc-
-tion activation energy, has been a ‘subject of.
g_zrcat interest in the recent years. 14 The pre-

exponemmi factor g 18, gencrany assumcd to

be a ccns!am in !flc equanon

o‘(T):neoeXp( E/2kT), ' ‘_-'f'(.lf)'

where, o(T) i§"the specvﬁc conductlvily at any

- absoluté temperature T, -E is the semicondug:
. ‘tion activdtion energy and k is the Bolizmana.
. Constant. But expenmcmal évidence shows’

.. that o, contains exponential functions.” To

study the compensation rulein a semiconductor

T E-is general!y varied by ‘different ways and

iog g, is plotted against E: . Recently, Masm‘

et -al.” have reparted that this compensation

- fule. is valid for uniaxidlly drawn low density”

polyethylene ‘Experimental " results of Sawa

f ‘et al.® .show that.in case’ of high energy ir-.
mdeated polyethylene- with - different radiation

dnscs also. thns rule'is valid. However, adsorp-
“tion of gascs i known to change the semicon-
- duction activation -eriergies .of many organic

se:mnconducmrs6 W Such ‘change depends on.
the ¢hemical nature gnd also on the amount of .
_vapour adsorbed.” We have used this method -
.. of varying the: activation encrgy .of semjcon--

ducung Vitaimin A by adsorbmg various

: ‘vapours. and . different amounis of the same
" vapour on ihe crystaliite surface. In this noté -
e presem our expcnmenml “tesults and show.'
ahat the compensation rufe is “valid .for semi- -
© V< conduction § _?_ solid Vitamin A (alcohol and - So that "

v aocm(e) y . ,
7 - The samples of Vitamin A &ﬂwhol and acetaic' .

mwdcr weré obtaincd - from - Hofimann-La . -
", Rothe & Co.. ‘Lid., Switzerland.-The experls

menmi p*om:dure i‘or ibe ‘micasurement oa" B

".‘. semiconducnon activation” cnerg) M‘ G‘iesé
. compounils on vapour adsorption is simnjiad w

-the metal electrode.”

. ‘(l/T,)z:J 8051073 K~} is plotied agains
;measured vaiues oi‘ activation -energy” {E).

LY

Shon Notcs . - A - m

that” of Misra e/ al.” The fincly powdmeé
compounds pressed-in @ sandwich cell between'-

" weonducting glass and 4 stainless steel electrodé |
was -miintnined at & moderate . prassure by
spring chps The separation between the élec- -
- trodes was miaintained by.a 2mil thick tefoa’
spacer, A d.c. voltage-of 22.5 volts from a diy
"battery pack was apphcd across the cell which

was ‘placed on ‘a-thermal bar. platform’ in a
suitably desngned conducuwty chamber made
of brass and. fashnoned with teflon. There was

an inlet.and agoutlet for gas in the chamber. . -

The temperature of the cell which could be

_ controlled from outside was ‘measured. by &
copper’ cofistantan thermocouple nttached to
'The -dark clrrent . was,. -

measured with Electrometet Amphﬁer EAB1S

of Eiectromc Corporation of India- Lifnited.
1Chem|cals used in ‘this experiment . weie of
' spectrograde (E. Merck, B.D.H.) or equivalest .

quality. The semiconduction activation _energy
of Vitamin A {alcohal and acetate) with toluene

. (1), benzene (2), ethyl acetate {3); n—hepiane (4},
. ethanol (5) and meéthanol {6) vapour and elso’
“with diflererit amounts of ethyl acetite vapout -

adsorpuon have been determined from. the

Arrhcmous plots of'eq: (1).. S

“At- &" constant tempcra!ure T,, iog §{for
the

Linear plots as shown in Fig: 't arc obtained.

The observed stopes it Fig. 1 aré 7.70 and 4.55

eV-! for Vitamin Al alcohol ‘and - acetate
rcspectwely The expcctcd stope according to

eq. (1) is 22.18 eV =1 'for both-the compounds. -
. These low values of the observed slopes indicate |

that eq. {1) is not valid in these cases.- “To test
the vahdﬂy of the -compensation. rule log o,

s p]ot.ed against E, ‘The plots are linéar (Fig.
© 2). Rosenberg el- al® have supgested the
following equiition for the specific conductivity -

whnch aakts accoum of the compemauon effect

& muo exp (E/l’c?‘o) exp (=~ E/.’Zk?‘) ' {2)

aoﬁ'aofxp(fllk!'o). _"'-(SY
whcm T, is the charactcmuc zempcmmre of

the sem:conductmg ‘material. 85 b~ and- Ta for
‘the same compound’ mmm im'amnt .ﬁw

)
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E(aV)

X-’*ia, g, FPloTof !oa 7 verans £ ot P cpnstant mm;em-

qure {{(YF)=3.80x10"Y K~} for Vitamin A

" (atcohol and kcctate)..

Yitamin A aicohol: lower line (felt s.cale).
“Yitamin A scetate: top line {right scale),

" —@— different vapours (the rumbers Indicaie the

specific vapour as stated in the text):

¢+ =0 different amounts of sthyl doetate vapour ‘

{activation  energy -decieases  with (ke -
. increasing amount of the vapouc adcorbed)
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Fig. 2, Plot or the log vo valucs versus & {f’r(vm eq.
4} for Vitamin A (itobol and ncotato) ata consmat "y
tempersfure {(1/7)=3.80 < 16-2 31, o

iy

- Vitamin A alcohol: lower line {right sca!e). ;o
Vitamino A ecslater tap ine (feft seale). - .
: 'E‘hc c!osed and apﬂn élrcles’ indrcate same &g ln Flg.

B R T

‘vér e of the qlope e (2}' Tyt obtmned from'
Fig. 2 is 14.45 and 17.52eV "% for Vitamin A .

-aleohol and soetate respectively.

From eq. (2) it is seen' that for any pamcumr
temperature 7T, the specific conducuvuy 18
expressed by ' -

o 1 1E '
' fog o 7)) =log 64+ {-?,;—E}E—k RS
giving a slope equal to [(1/To) —(1/TI(1/2K).

“and an intefecept of log o4 for the linear plot

. The value of o

Yog o{T,)- v8 E. The. calculated slopes with
{2kTo) "

reapectively, The eaperimentally observed slopes

{Fig. 1y are in eicellent agreement with “this.
v, obitained from Fig. 2 {2.80x ~

0™ %and 1.50 x lG‘“’ (§2-em)~! for Vitamin A
glcohol and acetate respectively) and Fig i
{I 5% 10°°% and 160107 (§-em)~! for
Wamm A aleohol and acetste respeczwe!y}

agrw mtisfncwn!y. Thus. our rmuhs cOnﬁrm..‘

:

as obtained from Fig. 2 are 7.73 and .
4.66eV~! for Vitamin A zicohel and acetate .
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re{monshsp bctwwn fog a‘, and E- “may-or, iginate 50

mmpmmuou effett requires no- physical - mlerp&et&lmn.
<~ Plowever; they have suggésted “that if o, and 4 dre
zahyazcaiiy related, one shotild get a Imwr relations mp
vg V*usewsg«a sk~ 'a';idmmka frieonddctive
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A i invelved in olf-mtury transdugtion mcchamsm.“)
we have studied the effect’ of ddsor n of. gasc«. ‘!ohd
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encrgy and enbances the conductivit In thn paper Wc[ 'i
- present cxpenm(.mal evidence ~to 'mdlcau, _ihat ths‘ ;_*

B compeﬁsanon rule is va! id for- sphd @ﬂ‘&?nm A and timt !

74 and: B are indecd ph;sxmlly rélated.; Fmt?wr, '‘the -

. formation-of - dOnOrchCCPtor complc*; etween vitamia
- & anid thie adsorbed gas,1 molecule is ko
?-:‘mble ‘for thc obser- cd actnv uon enc“gy chan«e. o
from, the ~ caleulation” of ‘these  pafameters and the S S
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_staml:ns stccl ck:ctrodc was s ed ’I‘ hcrc wzs a ga'; mk:t ’_nd

K

,

- g outlet in the conductx\-ny chambcr “miade "of brass ’ahd
fashioned w:th Tefton, for gas adsorpucn \tudy The temperas
ture of the sandwich-cell tould: be cc-ﬂtrollcd fromn ouitside:
“Temperature’- measummmts were made ising & copper-con-
‘danian ther m(x,oup.c attached dt the top:of. the mrml ‘ele’
lmdc. i‘he,{ mxconducmm currcms were: mc’nurcd w:th an
Indxa Ltd Vapom of rmthanol clhanol, hcpumc, clhyl
accvtr, bcmcne, and toluendiwvere allowed 10 ;b adsorbcd on
the semicondiictors. The seagent chemicals of «zpcc(ro 3
(B, Merck; B D, H) q\mhty were used. withont. f‘
putification olherwise repeated fractional ¢ s,(m'mon was dong.
-before use, To pass varfous vaporr. inside’ tHe chambcr, dry
nitfpgen gas was used s carrier which was passed throughi a
bubblcr ccmtammg the reagent chemical. I‘hc pamai préssure -

* of the reagent vapor i thc conductivity, chamber was kept
constant durmg adsoiption” at a pressure less- tlmn thie saturd--

tion vapor Preseurg at the scxmplc ‘celt tcmpe;raturc by cdrcfully
adjusting (hé: lcmpcmmrc of the bubbler. The partial y £5 ire’

“of the vapor was thc ﬁatur'mon vapor prccuuru of- thc reagcm ‘

chemical ai the temperatupé, of the. bubbler.. The same partial |
pressure (40 Fitn) was -maintained msxdc the . chamber for
various va pors. Under this condition it is.a' valid. assumpuon
that the saiic: amoant of various vapors aré adsorbcd on thc
scxmconducloxﬁ. chcatcd hcatmg and. ccolmg of the sampic
iuitially in; vacuum ‘and ﬁnally in dry pitrogen atmosphcre

ensured d orphon of water vapot or dny-other adsorbed gases. -
'icmpcraiurt’ (12,5:9C) of the. ‘samiple célls dnd the. inlet ﬂow

.were kept.constant during” adsmpnon.

To dc%crmmt the effect.of" ‘adsorbed vapos- on: thé semicon-
diction activation energy, the saraple was. allowcd tQ coineta .
a stcady state inthe chambcr -atmospheré. contammg thc vapor

“syith niteogen., The prcssurc of the total gas soixture in’ “the

izambcr Was &imosphcric pressuré, - The saturatwn current,
aﬁcr VAPOS Adsorption was found to be almos‘t cohstant gved
af:cr four hours indicating that the. canducnon in the. system
18 mamly electronic. 1 The sample’ cell awas then x‘apxd!y
Cf)oicd ‘to. abom 40 °C and then the chamhcr wis ﬂushcd
gcndy with. dry nitrogen gas.
meagured with increazing. temperature of ihe sample cell. The
oitlet of thé chamber was kept- open to mamtam aimosphcnc
pmssux.c msxde the chambcr. :
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powders of vitamin: A (aleohol And acet am) hisis bedit -

Thie observed: values “are 2,06 -and 3. 50 &V {appr

P

for Lhe aleohol and acctjuc lc‘ipt,ctlvcl) T!w adsorpuon; .
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orders of - magh
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_‘typu;al c‘cperxmcm i slmwn in Fig. 1. The str aight ling
,poruqn m the

i
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conductmg pmpertms of vnamm A acétate powde'*

with adsarbcd cthyl acetatc vapot and the slope-of this .
line gives the actxvatgon encrgy (0, 62 V) of this semi-

conductmg system, The: slrugh’ fine". pomon in tie:
Ligh' lcmperature x,w__gmn ngeq ‘thie activation mcrgv‘
The ”
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, ‘TabLe 2. SEMICONDUCTION PARAMETERS POR VITAMIN A (ALCOHOL AND ACETATE) ON ADSORPTION

658

. OR ETHYL-ACETATE VAPOR OF DIFFERENT AMOUNTS

Vitamin A alcohol |
*(Sulid state crystalline powder)
(2kTy) 3 =1445 eV 1y .
Py =2.8x 10-*{}-! cm -2

- Vitamin A acetate .
(Solid state crystalline powder) -~ .
kT 1=17.52 eV-1; .
0 ad=15%x10-W Q-1 cm-~t

Curve No. E g, exp [E/{(2kTy)} . 2 Curve No, E / ex :
from Fig. 3@} eV ¢ Qp-lr cix(r‘ a)] X cum-l frox;lx F‘i:gl.\IS(b) eV’ = c-?f_x[i‘:,?iT")} Q-xac"m ]
1 0.94 2.22%10-3 2.0x 10 1 0.63 9.32% 10 [ 10X 10V —§
2 1.08 1.68x 10-3 2.3 10-* 2- 0,89  B8.87x104  1.7%x102 ..
3 1.19 - 8.22x10-8 1.8x10-1: - 3 1.1 1.00% 10~ t.6x 10~
4 1.43 2.54x 10° 3.5x10° 4 .52 5.5Ix100 . L.5x108
S5 1.62 4. 11100 3.0x 100 5 1.80 - 7.43x10° 1.2% 103

Curve No. 155 corresponds to the decreasing amount of adsorbed ethyl acctate vapor.

4.55 eV for these two compounds respectively.” The
agreemens is excellent.  Also the intercepts glve oj/me
2.85x 10~ -1 cm~? for vitamin A alcohol and oy~
1.6x10-19 (3~ ecm~! for vitamin A acetate.
vatues agree well with. the values obtained from .the
log oy rs. £ and log o vs. }{T plots. Thus the high

correlation between the relevant parameters in semi-
~-conducting vitamin A powder an adsorption of varicus -

vapors indicates that Compensation rule is valid in
these biological semiconductors and that ¢, and E are
indecd physically related.

Type of Interaction betweent the Adsorbed Gus and the

Sericondncting. Muterial . It needs to be pointed out
* that the reason for tlie semiconduction activation encrgy
change is not quite settled, 81 However, donor-acceptor
complex formation has been widely held responsible
for the inciease of current in some semiconductors!®-17)
due to gas adsorption. As the vapors used in this present
investigation are good electron donors and polyenes are
known ta act both as electron donor and electron
 nceeptor, 1818 formation of charge-transfer complexes of
vitamin A (alcohol and acetate) with the adsorbed
vapars may be possible. * It had generally been
.cobserved®2! that in solid charge-transfer complexes
-with a particular acceptor and  a number of similar
type of donors, the semiconduction activation energy

as obtained froim relation (1) and the. energy (hvor) of.
band are linearly related by .

the lowest charge/transfer
- the expression

,Eaﬁ”cr“.’d_ R
u[p"‘EA'l’C!*&,

where, 7, is the vertical ionization potential of the donor,
E, is the vertical electron affinity of the acceptor,. G, is a
constant®® and 9§ is also apother constant of very low

value.® In Fig, 6, we show a plot of £ es. Ip. A linear .

relationship is obained as expected frorh Eq. 4. The
alope of the line (0.6) however, is much less than unity.
Such a value for the slope is a rather general observa-
tion* 8 in Moy s, Iy plots.; The intercept of this plot
v —~3.8eV, Tle value of —~C, is usually®®.®% around
- 3eV. The clectron affinity of anhydro vitamin A
which is expected to be ‘close to that of vitamin A

(nlcohol and acetate) lias been reporied 1o bet® 0.7 eV,
- This gives a valuc of 0.1 ¢V for § which is a very reason-
“able. value,8u2®  This adds further credence to the

These

@

60— e : ‘
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Tig. 6. Semiconductive -activation ehergy (E) ps. joniza-
tion potential ({p) of the adsorbed vapor molecules.

—~: Vitamin A aleohol. 4 - .
——g—#—: Vitamin A acetate, \ ()'\40*/ L e
proposed charge-transfer concépt. :

There are number of theses about the mechanism of

conduction in organic semiconductors leading to’

compensation effect. The carrier injection madel of
Green® produces the type of activation energy depend-
ence of the pre-exponential factor as observed experi-
mentally, but does not provide any physical basis for
the interpretation of T,.. Significant difference in T,

values for these two compounds suggests that Ty is a-

* molecular characteristic of these organic semiconductors.
Kemeny and Rosenberg?) observed compensation law
in tunneling of small polaron through molecular barrier
from thermally activated energy levels of molecules:
Their model predicts that T,==86/2 (where 8 is the

. Debye temperature) and that at 7> Ty, small polaron
tunneling is not possible and compensation” eflect is
not expected to be observed, No experimental study
seems to have been reported on thé semiconductive
bebavior of organic compounds at T>7,.  Debye
temperature for vitamin'. A alcohol and acetate are
not known. It has been reported® that the Debye
temperature for a series of crystals of large aromatic’
molecules Lies,in- the range 100~-130 K. [t seems that
the 7, valuéd measured are far too high to justify the
polaron turnineling model, S

An interaction between the electrons and the vibra-
tional motion has been thought®19 te be the mechanisin
behind compensation effect. A change in the electronic
state (due to complex formation) gives rise to an activa-
tion entropy because of a change in-vibrational frequens
cies.. The variation in both the clectronic energy gap



(E % and ,‘ é acuvauon entropy (S) éan account ‘for
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are ngcn by
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vhcrc Risad
Eg,, Sy and-.S,' are saine. for all thc systems
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