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

BISWANATH MALLIK, ALPANA GHOSH and TN MISRA 
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Calcutta 700 032 
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Abstract. The change in semiconductive properties of vitamin A (alcohol and 
acetate) after adsorption of various vapours on its crystallite surface has been 
studied at a constant sample temperature. 1\ rapid enhancement in the semi­
conductivity bas been observed. The rise in conductivity has been found to. be 
exponential with increasing vapour pressure of the adsorbed gas. It has been 
suggested that charge transfer (CT) interaction may be responsible for such conc!ucti­
vity change. The adsorption process being efficiently reversible this cr 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 et al 
1968). The carotenoids present in the olfactory organ can form wealdy-bound 
reversible complexes with adsorbed odourous gas molecules which increase the 
conductivHy 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 fi-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 tbe 
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 Otlr results. 
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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 fine 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 phced 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 contr.olled 
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 m!llivolt 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. 

1 B -brass 
CB ·-~cooling bath 

CCT- calcium chloride trap 

CG - conductivi~y glass_ 

FM,- flow meter 

H T - heating tape 

R J B- reference junction F M 
bath 

SC - samP.Ie cerrll ==:i==='l\ 

Nitrogen 
gas 

SS- stainless steel 

T - teflon 
TB- thermal bar 
TC- thermocouple 

Conductivity chamber 
I -

CG,~~~~ 
sc, 
SS-

Electrometer 
Battery 

RJB 

Figure 1. A schematic diagram of the apparatus used to test Jhe effects of the 
adsorbed gases on the_ conductivity of vitamin A (alcohol and acetate). 
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Gas adsorption effect on vitamin A 27 

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 almost 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 (2~0 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 



28 B .Mallik, A Ghosh and TN Misra 

108 r-------------------------------, 

c -10 
~ 10 
:::J 
u 

-"' 
0 
0 1011 

12 

--o-o-e-o-o-.o.o-o-o.cro- 37. 5 
1'--0-o<:...o-<J-O-<J.O.<()O... 3 5 ·0 

rJ">.o-0-0-000C>-0-0.0... 31· 0 

24 36 
Time (min) 

48 

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 (j" (m) follows the relation 
(Misra et al 1968) . 

rJ"A (m) = r7v exp (am) (1) 

where r7v is the conductivity before adsorption of any vapour. 
a 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 expo·sure. After some time, however, an equilibrium is 
established. Thus we assume that in the initial region 

m (t) = Q (t) . p (2a) 

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

Vapour 

Toluene 
Benzene 
Ethylacetate 
n-heptane 
Ethanol 
Methanol 

Dielectric 
constant 
at 25° C 

2·38 
2·28 (20° C) 
6·(0 
1·93 (20° C) 
24·30 
32·60 

Ionisation 
potential 

(eV) 

8·81 
9·24 

10·11 
10·35 
10·50 
10·85 . 

rJ"A/rJ"v 

Vitamin A Vitamin A 
(alcohol) (acetate) 

2 · 3 X 104 5·0 X 10~ 
·6·7 X 103 1·7 X 104 

6·5xl03 1· 3 X 104 

4·0 X 103 3·8 X ]03 
3·0 X 102 2·0 X ]03 
4·5 X -10 3·2 X 102 

-l 
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where Q (t) is a function of time. At equilibrium, 

lllo = Qo · P (2b) 

where Q0 now beco.mes independent of time. This is expected from Langmuir's 
adsorption isotherm,· when a small fraction ·of the ~urface is covered by gas 
molecules. Hence, 

uA {m (t)} = uv exp {a. 'Q (t). p} (3a) 

and at equilibrium 

(3b) 

A plot of· log aA(m0) versus vapour pressure (p) at equilibrium is expected to 
be linear. Our experimental result in figure 4 shows a good agreemetl.t 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 ~me. .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 used 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 (ta:ble .1). It has been 
reported (Pullman and Pullman 1963; Platt 1959; Mairanovsky et al 1975) th:ft 
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 
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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 enhancement 
should show a relationship with the ionisation 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+ A-) 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 et al 1968; Eley and Leslie 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 (dmfdt) will be 

dm/ dt = A exp(- Pm/ kT), . (4) 

' where f3 is a constant. Integrating (4), we get 

kT 
m (t) = 7f log (t + t0) + constant (5) 

From (1) and (5) we get, 

akT 
logO" A= T log (t + t0) +constant. (6) 

Thus, a linear plot of log O"A versus log (t + t0) 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 p (since a 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 f3 (table 2). 

Table 2. Vapour pressure dependence of the factor P' = (/1/a) for ethyl acetate 
vapour adsorption kinetics. · 

Vitamin A (alcohol) Vitamin A (acetate) 

Vapour P' Vapour P' 
pressure (eV) pressure (eV) 

(mm) (mm) 

31·0 T;2Q2 x 10-2 . 31·0 0·819 X 10-2 

35·0 1·005 X 10-'2 35-7 0·753 X 10-2 
37·5 0·930 X 10-2 4i·7 0·660 X 10-2 

43·5 0·759 X 10-2 48·2 0·601 X 10-2 

50·5 0·643 X 10-2 ·55·2 0·518 X 10-2 
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Figure 5. Adsorption kinetics data plotted according to Roginsky-Zeldovich 
equation for vitamin A alcohol. 

The change in conductivity of P-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 P-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 absorption and emission. spectra of all-trans vitamin A alcohol, al/.frans vitamin A acetate, 
~-apo-8'-carotenal and astacene have been investigated. The effects of different solvents on the absorption and 
emission bands of these polyenes are appreciably different. This in~icates that different excited states.are involved 
in absorption and emission. Effect of adsorption of certain gases on the crystallite surf..tce of B-apo-8~ carotenal 
and a~tacene has been discussed. On adsorption· of certairi. gases, a new band appears on .the low-energy side of 
the strongly allowed IB,. state. It has been concluded that in these long-chaip polyenes the're exists. a low-lying-
forbidden lAg state below the strongly allowed 1B,. state. ' 

I. Introduction 
IN RECENT YEARS, interest in the electronic spectra 

of linear conjugated polyenesl-S has been revived. 
Little experimental work has been done in this class 
of molecules in comparison to the effort expenqed in 
aromatic-molecules. The strongly allowed transition 
in the visible and near UV region of the spectrum in 
the linear polyenes has beeJ1 known so far to be the 
lowest excited singlet state, 1 B,.. The absorption and 
emission spectra of these molecules show very little 
or no overlap3•6• Some workers have tried to explain 
it on the basis of "Franck-Condon forbiddenness". 

It has been shown by Schulten and Karplus4 that 
when double excited configurational- interaction is 
taken into account, a singlet.(1 Ag) state appears below 
the strongly allowed 1 B,. state in some polyenes like 
butadiene, ·hexatrjene and o.ctatetraene. Hudson 
and Ke>.hler5.have presented some experimental. evid­
ence that there exists a low-lying forbidden state 
below the well-defined lowest 7T-electron state in()(, c:u­

diphenyl octatetraene. Recently, Mandai and Misra7 

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. 

_,. -- ···. --··· 

grade quality. The absorptimi 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 o,ver 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 polyen~s studied, a very broad absorption 

band is g.enerally observed. The absorption spectrum 
of ~-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-1 . In common 
polar solvents, this vibrational structure is comple~ely 
lost a~d 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 ro.om 
temperature absorption and · emission spectra of diff­
erent polyenes in ethyl acetate are shown in Fig. 1. 

2. Experimental Procedure Though the absorption and emission spectra of ~-apo-
The polyenes employed in the present study are, 8'-carotenal show some overlap, such overlaps very 

all-trans . vitamin A alcohol, all-trans vitamin A small for astacene and in case of a/1-trarzs Vitamin A 
acetate, ~-apo-8'-carotenal and astacene. Compounds (alcohol . and acetate) practically no overlap is 
of high quality obtained from_Hoffman-La Roche Co., observed. c 

Switzerland were used without further purification. . The effect of different solvents on the absorption 
Solvents used in this investigation were of the spectra- and emissjon spectra of all-trans vitamin A alcohol is 

. ' .: :.:.. ., •• :: ; .... ,.:, ·. :·· •. > • .: ' . - ·_ ':·: '·. - .. •• 699 
~~ ' '• •' •' • •''•, • ' ' • ~ •' • .; '" I 
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Fig. !-Absorption and emission spectra of different polyenes in ethyl acetate af room temperature, 
[1, All-trans vitamin f!\ alcohol; 2, all-trans vitamin A acetate; 3, ~-apo-8'-carotenal; and 4, astacene] 
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shQWn in Fig. ~-.. The absorption sp~ctra sho"{ Ja,rge· 
sQlvertt s.\J,ift;_· bu~ for emission spectra such sh~ft is 
sptall. · 

The room temperature . absorption spectra of 
~-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 
o{ gases on the solid film, various vapours were used. 
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Fig. 3-(a): Absorption spectra of [3-apo-8'-carotenal [I, Ab­
sorption . spectrum for the solid film; and -2, absorption 
spe~trum for the solid film after pyridine vapour. adsorption. 
Resolt:tion cf the total adsorption; specrrrm for the solid 
film after pyridine vapour adsorption ; 3, band of the solid 

film; and 4, new band] 

(b) : Absorption spectra of astacene [l, Absorption spectrum 
for the solid film; and 2, absox:ption spectrum for the solid 
film after aniline vapour adsorption. Resolut'ion of the,total 
absorption spectrum for the solid film after aniline vapour 

adsorption; 3, band of the solid film; and 4, new band] 

WW1. ~ll the, vap_Qprs. studied, the effect · is similar 
except, that with certain of these the effect is more 

I 
pronounced th<~.n with others. :ryridine v~pour adsorp-
tfon on ~-apo-8'-carot~nal affects the absorption 
spectra i~tep,sely wher~~s. aniline vapour shows a 
sirong effect on astacene spectrum. ' . 

-·The ~b~orptiQp. spectrum of f.-apo-8' -carotenal in 
qw ·solid. state, as shown in Fig. 3 (a), i~ ~ broad 
b,and. After exposure to various vapours, the solid 
s~ate spectrum shows a marked chang_e in which a new 

• qand appears at about 1-6666 c~-1 . The other band 
r~mains unchanged. l'b'2..00 

The absorption sp~c.~rum of astacene in t!J.e solid 
state is also a br9-ild "band. ·when solid film of ~his 
pplyene is ·e~po.sed 1t~"gifferent vapours, a -11ew ~and 
appear§ at about ~ <:rr.-1 <!lOll~ witl1 the qand 
opserved·before y~pom iJ~~fJrption. 

4: Discussion 
For strong absorp!ion band of linear polyenes, the 

solvent shift8 can be 'expressed in the form 

- • 112 - I 
l!w = k.f. - 2-? 

11 +-
where k is <~ p~r~IUeter whicp is constant for <l given 
lllolecule, f is the oscillator strength for a particular 
transition and n is' the refractive index of the solvent. 

I • ' ' ' 

Tpe absorrtion band of the polyenes under jnvestiga-
tion shows a large red shift with the increase of the 
refractive index of the solvents. But ir ~~se pf emis­
r,ion, thi~ ~nift is very small compared to that for 
a~so.rpti~n .. In Table I, vaJurs of .;;,ax for the absorp­
tiqn and emissipn of some pp!yenes in v~~jous sol­
vents are given. Opr cx.perimentid resu.!_ts show that 
in all the polyenes stud1~d, the plot of vmax for both 
absorption and emission against (n2

- l)/(n2+2) is a 
. strqight lme. In Fig. 4, such plots are shown. The 
slope of the plot for absorptioi1 (which is a measure 
of the oscillator strength involved) is about seven 
times larger than that for emission. This difference in 

Table 1-Solvent Effect on the Absorption and Emission Bands of Some Polyenes 
(~ax in cm-1) 

Vit. A alcohol Vit. A acetate [3-apo-8'-carotenal Astacene 

Solvent (n3 -1)/(n'+2) (~max)E (;;"max)A (~max)£ (Y'max)A (-max)£ (-;max)A 

Methariol 0:203 21008 30864 20833 30614 

Acetone 0·219 -'- 19157 21880 18018 20746 

Ethanol 0·221 2Q964 39769 20~33 30581 

Ethyl. acetate. .0"227 20942 30722 20730 30534 19_!57 2!739 1-7857 20661 

n-Hexane 0•228 1901I 21790 

I, 4~Dioxane 0•254 2.0942 30534 20790 3C487 19083 .21459 17921 20408 

Cy~lohexane 0·257 19120 21500 

Carbon tetrachlo.ride 0"275 20964 30303 . 20876 30030 19047 21270 17889 20242. 

Benzene 0•294 2092.0 30303 20790 30030 199~3 21220 17889 .202Q~ 

7!}1 
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Fig. 4-PJots of Vinax against (n2 -l)/(n2 +2) for the lowest 
energy absorption band and the highest energy emission band 

of the polyenes studied 
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solvent behaviour and the small overlap of the 
absorption and emission bands indicate that the 
absorbing and ''eihitting states of these 'polyenes are· 
different. The existence of a low-lying 11-electronic 
state bel9W the strongly ·allowed 1Bu state in these· 
polyen~s is thus indicated>by such .solvent behaviour. 

We'·have observ-ed that" when_certain vapours are 
absorbed on the surface of crystals, a new band 
appears in ~-apo-8'-carotenal and. astacene. There is 
a large. overlap between the new hand· and the. usuaiiy 
observedinterise band. In order to get the longest 

·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 befo.re vapour 
adsorption. The resolved spectra arc shown in Figs. 
3 (a) and 3 (b). 

· We have studied the emission spectra of the poly­
enes in s<1lution only. These . emission bands in case , 
of Vitamin A (alcohol and acetate) show good over­
lap and mirror image relationship with the new band7

; 

In ~-apo-8'-carotenal and astacerie, the emission. 
b1mcis 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 
lo':Vered 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 one can 
then reasonably expect to get good overlap between the 
·new absorption bands and the emission bimds of these 
polyenes in the crystallme · state. Unfortunately, the 
em.ission from the crystalline film of these oolyenes 
could not be recorded. We conclude that the new 
absorption band which appears as a tesult of-adso;·p-

. _tion of gas molecules .on the solid film of polyenes, 
corresponds to transition to the lowest excited state 
v.. hich is possibly a 1Ag state. The adsorbed gas mole­
cttles introduce the perturbation required 'for the 
enhancement of the lo_w-lying forbidden transition. 
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NOTES 
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()n the Evid~nce of a Low-lying- Forbidden_ 
· ·. , IT-Electronic State in Methyibixl~ . · · 

El~tronic absorptlqrt and' emission speCtra of 'meth~ilbixin 
· . have been siild'ied. ·The solvent behavi.our of absorption and 

.Cn'iisslon bands is di-fferent.. A larg~ solvent shift llppears 
In absot·ption ~vhen!as in ~!mission s.u~h shift is very·'sn1att' .. 
No rttiri:or Image relation between.alisorptiori and emlss~on' 

. spectra eltists. It has been suggested t~at in .this· polyene 
thcre·edsts a low-lying forbidden ~~electronic state (IA11) 

below the stroagly allowed IlJu stat~e. · 

.... 
polyeiles hil'v~' shp~n 'that tlre~e': cxfsts a 'id,~~lybi~' 
·forbidden t1-electronic :state .< 1A;)' below ·tii~,: -:W~lV:; 
studied Jo')Vc'st U-e!e'ctronic state .'tO, .. It is:: the~ef~~~/ .. 
expeqted_ that in polyepe_s the' .energy of absorption ~t~'::. 
*81, state and of emission. from 1A~ · state · will .'sho'\V . 
different sQivent effepts.- I~ this.note, )Ve ~reselif()Jf-

. r.eslilts ·on the .effect . of different solvents . oti~ th.b: 
absorption and emissioil' sp;ctra 'or methylbixih, '.\ -~·.·' , .. 

- .. l:he. compound under. in:vestigatibn _.is 'obhiihea· : 
from Hoffm·~n-La Roche Co:.• Switzerl~d an(f :u-s·ed 
with.out further 'plitifi~ation. · Solvents us¢d · atd '~of 
specti:bgrade quality:.' th'e abs'orpti.on ai?d erii!ssidn. 
spectra are recorded at rpom :temperntur'e by $pcci:-' 

· romom~202 spectrophotoinetet: arid )uilinco B~wll'!ati 
spe~tro.fiuorometer, respectiveJy.·. . - ·. '. <, f; 

The absorption and em.ission sp~ctra of this poiyM 
ene in·bcnze:ne kj.re :'shown hi Fig. ·L .1t is obser1/ea 
that th~. ~bsorptiori· sp~ct~um- consis,ts of three. vibro~ 
nicban9s w#h the ceiltt:al one :most intense. 'This 

· structure is the . Uppe~ s.tate . fundamental . oL ab<;>tlt 
IOOO:cm-1: Due t'o the solv~nt•.sol~te. interaction this 
structure becon;es blurred in 'some solvents. :·the 
eff~ct ofdiffereiit soiveilts ori the spectra results 'in· .a 
shift:oftlie posi.tioji of ~he baliq: it is found 'that 

. the absorptiona~d emission spectra shift diffetelli:ly 
wpeh the solvent lS . c.hangcd:: Also . the. absorptioti 
spectrilln is mu~limore: solvent~9ependen~ ,tlib.n'.the 
tllnJSSi(Hl spectrum, th'e ·httter does· not resemble the 
former and no mirror: image r¢1ation·betwee~1absorp­
tiori and emission exists. . . ' . 

:Th~ absorptiott band.of the ·polyei1e ·shifts n'lore 
. io\var<ls. red with the: increase of the refractive index 

of the 's6tvents whereas this shift :'i~. comp~tl+tively 
very ·small in .e~lissiori." · ',rhis:solvept sliift is expres-

. sed ,in theformM'u · • ·. : , · . . · : . ~ ·.. .. . ·, · 
· At';=:= k/(;12 -l)i(n2 ~-)~ · · .. ,.: . , ••.. ,i 

ISO ' '• 
.. ,., 

According to ~emi-empirical :a11d· a· priori calcuia­
tionsi the exCited electronic states of linear p(}lyen'es 
ire iB;;, lAg, i_A,, and 1B.;'in otder ofincreasing energy.-~ 

.. 
'!. 

. 'Po. 
X 
-~ 
'ffi·IOO 

·.~ • .- ' I ' .· -~ .. I:' 
-~ ', ' 

· The loW!!St singlet-sinl:Mt transitlqri_ of polycnes·. is 
• 14~·-::- 1 B., and is ~trpngly . allowed •. ·-There is expei-i~ 
' mental· evidence' that there is no ·.or little overlap 
· J>t:<tWeC.Il the·' oriSins , of absorption arid :emission.I'S 
At!elnpts,liave.be~n·made1 to expJainit .i~ .terpis o~ 
Franck-Coudon ·rorbiddenness. · A .recent theoretical 

· work' has shown ihaf inclusion ·pr double-excitation 
. ~on figuration· interaction· for the excited state's. in. ' 
.Mdition:..·tO siilgie-ex~itation Cbnfiguratio~ in semi• 

·. -enipiric;d-and a-jMqri calculations towers sjgilificim­
:- ~Y the Jo\\•er}Aj state in the energy .so that 'a .forbid.,. 
~en .1 Ao' state .appears. below thc,.strongly allowed 1 B.,· 

:::~>tate, ' ~ecenf experimel}Ui} . i~vestigatioils''' . of 
' ··~ 

,·~. 
u. 
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· ·. Tnbl~ i~solvent ~ffcct on the .Absorption and Emission 
· ·. , . . .. · Bands o.f ·Methylbixin ·. 

( . '· 
n2 -:-l · · 

:n2+2 
: •,C:-' ,: j 

.··--Solvent 
Tran~ition Energy 

f:mJSsion . Absorpuon 
(iri em-.') ·- ···: .. (in cm-1) · 

,, 

. ,_. 
··'Acetone· 

~thanol 

0-'219~ . 
. 0"2217 

Ethyl acetate 0'2272 

l, 4-Dioxane 0'2546 · 
: \ t 

-Cy~lohexan~ 0.2578 

Carbon. 
letrnchlori'de W2754 
. iJ.e.nzenc · ·' 

·7 •. 

: '.:· 

l 

TE 
. '-!. 210 .N .. 

'S! 
X 

. .. l 
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0 • A ' o o 

18796 . ·2164S 
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18761 21598 

18726 .21SOS · 

"18691 . 21220 
. ·-.. : 

18796 . ·. 21186 
; '. 

18726 ; ·29920' 
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- ~-~.'b-o-·- _.,__._or;!~-- q.- ~ ·-o- -~ - :. 
196

200 · 24o · 2so . 320 

{n2-J) XI03. 
\n2+2 

·. ~ig.-2:....Plot· ~lvmax. versus~{n2 --:-1)/(n2. + 2) forL ab-sOrption 
(-· -.-·· -·-) ~nd emissi~n (- - -) 

Here k ·is a parameter ·constant .for a giv~n molecule, . 
f the 9scillator stte~gth fcir a particular transition:­

. ·. and n the refractive index of the solvent. ·.the posi; 
' . tio:ns (;max) of .the low~st energy absorptio~. and . ih~ 

highest energy emission bands iii different sqlvents 
.. are shown in ·Table I. Our experimental- results · 
· show that the plot of; · versus the solvent pol ariz- · . . . . · ma~ .. , . . 
' ability (n2 :...,.1 )/(n~ + 2) for both absorption and em is-: 
.~iori is a str.aight line as shown in Fig~- 2': _The slope 

·'' '· of.this plot"giv·e~ a measure pf the. oscilJator strength· 
;'· 'of the electronic transition and it is found· that the , 
!, ' ·, oscillator ~tl:ength. for the trE!ilsition involved -in a_b­
}: ··sorption is· much great~t; than· that for .emission. This 
"'d· . . . . . 

... ' · difference in solvent behaviour and the absence. of 
..; ''mirror h~age ·relationship· between absorption ~and · 
',\, j emission lead to· the sugg~stion thai. tile . ?lectronic 

states involved in:absorptiol) and emission a.re diffe­
-rent. Thus the solvent behaviour of aqsorption .. and 

.. : ~mission. indicates the preseMe of a iow•lyirtg foroid-
' .. qen· n-el~ctronic state below~ the, stronily allowc~ 1 B,. · 
-' state :in. t~is polyene.. · · · ' · : , . 
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On adsorption of some electron acceptor molecules on the 
solid films of a//-trans-1'>-carotene, a new absorption band appears 
on the longer wavelength side of the spectrum in addition the 
original bands of all-trans-1'>-carotene. The position of this new 
band is dependent -on· the-tllectron- effinity (EA) of the acceptor 
molecules. A linear relationship between the of ~max the new band 
and EA has abee observed. The ionization potential of. all-trans-r:>­
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 a//-trans-1'>-carotene behaves 
as an electron donor and forms charge-transfer complexes with 
suitable electron acceptors. 

THE observation that (3-carotene may form charge-
transfer (CT) complexes was made by Pl~tt1 who 

suggested that donor-caroten~-accepto: tnmolecu­
lar complex could be involved m the pnmary photo­
synthesis process. In a mixture of ~-carotene and 
iodine in ClCH2Cl solution Lupinski2 observed a new 
absorption band at 10000 A proposed as charge-trans­
fer band of ~-carotene .... I+ complex. 

Ebrey3, 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 
(3-carotene shifted to longer wavelength due to charge­
transfer effect, thus suggesting that ~-carotene-!+. 
complex has several resonance structures for the (3-
carotene ground state that would equalise bond 
length and cause its s_hifting_ to long~r wavelength. 

Significant change m semiconduc:;twn current and 
activation energy of ~-carotene powder cell on 
adsorption of certain gases an~ vapours on th~ crystal­
line · surface has been attnbuted to possible CT 
complex formation between ~-carotene and the adsor­
bed vapour molecules4• We have studied spectro­
scopically the effect of adsorption of a_cceptor vapours 
on the solid film of ~-carotene to see If CT complexes 
are really formed in the s~lid s_tate. The results of 
such studies are presented m this paper. -

The sample of all-trans-~-carotene of high quality 
has been obtained from Roffman-La-Roche Co, 
Switzerland. We have used this compound without 
further purification. Thin films of polycrystals of 
this polyene have been ma4e on ~he quartz . surface 
by gently rubbing the matenal 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. T,he absorptio_n spec~ra 
at room temperature (28°C) were recorded Immedia­
tely after exposing the solid films to vapours. Spectro­
mom-202 spectrophotometer of ~ungarian Optical 
Works was used. 

•Present Address: :Physics Department, Govt. P. G. College 
Durg (M.P.) 
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Fig. 1-Electronic absorption. spectra of a/1-trans-{3-carotene 
solid film after adsorption of different electron acceptor vapours. 
[(1), all-trans-~-carotene solid film; (2), nitric acid vapour 
adsorption; (3), iodine vapour adsorption; (4), bromine vapour 
adsorption; (5), iodine monochloride vapour adsorption]. 
(The position ~max 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 ofl9 vapour; (l-4), in order of increasing 

amount o( acceptor molecules)] 

The room temperature absorption spectrum of all· 
trans-(3-carotene in the solid state and the spectra 
after adsorption of different accept~r vapours are 
shown in Fig. I. In the latter case, a new band 
appeas on the longer wavelength side of the spectra in 
addition to the original bands of ~-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 sho"ws 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-~­
carotene are summarized in Table 1. 
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TABLE !-POSITION (v'max) OF TilE NEW BAND APPEARING ON 

ADSORPTION OF DIFIERENT ACCEPTOR V APOURS ON TilE SOLID 

FILM OF a/1-t~alls-r>-CAROTENE 

Acceptor used EA (ev) Ref. Vmox (cm-l) 

Nitric acid 1.83 5 13900 

Iodine 2.4 6 11550 

Bromine 2.6 6 . 11300 

ICl 2.7 6 11100 

The Mulliken theory for charge-tra11sfer complex. 
formation leads to the equation5• 

(1) 

where hvcT is the energy of the lowest energy inter­
molecular CT band, Ii; is the vertical ionization 
potential of the donor, EX is the vert_ical electron 
affinity of the acceptor and C1 and ~2 are . co_nstants. 
The last term is often small, so that tts vanatton can 
be neglected, giving the equation 

v v 
~1VcT = ID -EA + cl .. (2) 

Thus for. a particular donor, a plot of hvcT against 
E'i 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 hvcT _with 
the absolute electron affinities (EA) . of acceptors is 
consistent with the usual linear equations and their 
associated assumptions. The adiabatic electron 

. affinities of I2, Br2 and ICl, estimated theoretically by 
Person6 were 2.4 ± 0.3, 2.6 ± 0.3 and 2.7 ± 0.3 ev 
respecti~ely, agreeing satisfactorily with the experi­
mental absolute values measured by Hughes et af.7 
We have, therefore, used these adiabatic electron 
affinity values a.s the absolute values. The value 
of EA for nitric acid has been taken from Chen and 
Wentworth's table5• 

A plot of vmax ( cm-1). of the nev: ?an~ against 
EA gives a linear curve (Ftgs. 3~. The wmzat10n. poten­
ial of ~-carotene can be estimated from thrs Vmax 
versus EA plot. The intercept of this curve gives 
Io + C1 = 2.44 ev. In typical donor-acceptor CT 
complexes, -C1 is usually around 3 ev5•8• This gives 
a value of the ionization potential of ~-carotene as 
5.44 ev. The experimental9' 10 value of the ionization 
potential of ~-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· . v 
expects a slope of· unity for _veT versus EA . 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-t) against- EA 
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Fig. 4-Electronic absorption spectrum of a/1-trans-~-carotene 
solid film after adsorption of Ia 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 experiments11•12• · 

The room-temperature absorption spectrum of all­
trans-~-carotene in the regioJ?. 40000-_9000. cm·1 

after adsorption of I2 vapour ts shown tn Ftg. 4. 
From the spectrum, it is observed that in ~ddition to 
the new band in the longer wavelengt~ srd! another 
weak new band is also observed at about 27200 cm·1• 

This band is possibly the absorption band of I3" ion., 
The other absorption .band of this mole~ular ion 
expected at about 33900 cm· 1 has possibly been· 
merged with the original band of all-trans~~~carotene 
a~ 35400 em·\ In the case ofl2, possibly through the 
reaction ~ · 

~-carotene + 2I2 ~ ( ~-carotene I)+ + 1
3 

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

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

C= C-(C= C)n-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 



--J 
' 

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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. : 'cornP<on~tluri F.tfe:CUn s~'m.l~nducthlg · ~ompo\nii.ls or) v~lpour a4sot:ptllm is ~hnllnd(l. 
. \'lhlt.t\ln A (ui«;;~ol ~n4 nttlale)· · ... · : thftt of Misra .et of.

11 The finely powdered··: 
·. : • · · . I · · · · · · . : · compounds j}reSllCd·ln a sand:wieh ¢ell b~ctween·;, 

Biswana!_h. MALU~~:, .t\lpilna Oi-lcSft · .a· conducting glass n_n<hi stainless steel clectrot.le · 
. : ·. and T. N. M•siv.. . .wns maintnined at l! moderate· .pr~ssurc bv_ 

.. · Opriti Drp(.,mitenr, · · · ;r 

. , frJ;., AJ3fn·iti;i£!nfor '"" Cul!il·allmt of Srirnc~. spring _dips; The separati9n between the ~lee-: . 
.. ,.'.: · Jodm·pitr, Calcutta-i00-0.~1.1mfin_. trodcs WRS ·nialn.talqed by.R 2 mil tltkk tl!lloi{ · 

. (Received September 12/1978) . · · -· · spacer. A -d~c. voltage of 22._5 _volts from a. dry ·. 
· · · · · · · · · · · · · · · ·· · · battery. pack was appll~d across the cell wi1idi 
. ''··:· .' . '' . . . . . . . . . . . was pln<;ed on -~- thermal bar' pint form' in til 

·-:-- . Ji•for.$anic ss~nicon'ducto~ ,the compenS:atipn st,~itn~iy designed c~nd!-tctivity chamber ;tnade 
. ' .. ' rule,-~ linear rei:Hionsllip between; 'he lpgarithm. of btilsS an& fashiolled with teflon. There wa! 

. 'o( t)le. pr~-exp<menti~l factoi'in the 'expression !lfl in,iet .an<i ~~outlet fo~ 'gas in- the :chamber.'' . 
:.: _. f9r .. s~cific ·conductivity and the semicohduc- The t~mperature of the cell ·which- could be 
· : : . doli act ivai ion e~ergy, has been a subject of controlled. from outside' wa~ ·measured·. by a 

.- ·-. tr!eat. iTHer.est ip. the recetlt years.-'-=_.). The pre- copper ~constantan. tlierinoeiJuplc ·.nwi-~hed ·to ·. 
·.' . ~xpon'Cotla1 fa~torcr0 is. generally assumed to . the me~~~ electrode. The ·<.~nrk_.curreitt ._was . .'. 
. )e a Cl~mst~udn ll1e equation ' . . m~nsuted, with Electrometer Amplifier 'EA815 

· -• · . ~(T)~ti~ e~p·( -Ei2kr); _:.· fl) · ·of Electr:~.riic, Cqrporatioo of India· limited. 
···· .·· · · · · : Chtmicals used in this experiment. \vetc ·or 
}.' : where, 'o(T) i!i"the specific conductivity a~ any spectrograd?- (E. Merck, s:O.fL) _or equivalent . 
:· . · n_bsolut.~ temperature _T, -E is the semicon(hJc• ·. quality.: Th~ semieo~<f'uctiori acti~aticm energy . 
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·'.j:; :_is' generally Varie4 by different ways and a~sorptiOil h!lVe been 'd~terl!lined. from. the 
IQg tr~ is plotted against £;. Recently, Masui Arrhenious.plots· of'e'q;(l). · . · .. · · 

''et 'ttl. I·) have r~ported that this compensation - At a' constant temperature .. Ti, Jog frfor 
.. rule is valid for unia,.;ial!y dra\vn low density · (1/T~)=iJ.80x 10- 3 k_- 1) is-plotted !;\gains the. 

· .. Polyethylene; Experimental · results of Sawa . measured' values ·of. ~ctivation . energy· ('E). 
et a/.21 :show that in case·of·h_igh:-energy.i_r- Linear plots aSshow'n in:Fig. I are obtained • 

. . radi:lted polyethylene Willi diff~r.~rit radiati6n . The observed s!Qpe~ In F(g . .J nnn:7o aod 4 . .SS . 
· dil5e~ also this' rulir is villid; However,· adsorp~ f;v- 1 ·.ror .Vitamin A alcohol and ·acetate-
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, d.uction activation :energies. of many organic eq: (I) is 22.18 eY~ 1 for both ·the compoi.mds. · 
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· ducthlg Vitamin A by adsorbing various 2). ·Rosenberg et· a! .... have suggested the 
·•; _ ·"apour!i a_nd . dilferent a~ount~ of the same . following equation f(Jr: t!)e specific conductivity.·_· 
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'·_-we _present our e.xp:rimenlal':rcsul~~ and sho~v _ . · .. .,.i/~x-(E'/l~T.) c)( (.;;.·Eflk1') . (2)' 
· . that .the compc:nsnuon rule as vaii<Lfor semi·· · 6 

· (I P 0 P · 
' ~ conduction. if_ solid Vitamin A . (alcohol and So Ut11t ·. ' · 

.·acetate). · · · ._c_o:""a~ e~p (E(2kT0), . : '· (3) 
::"::::The tamplei ofVita~in A~lccbol aryd acetate 

.. powder were.' obtained .from Hoffrt1ann·la . _ wh·ere 1'0 is tho:. chntacter~stk ~em~ratl?re o( 
· , &to-:he lri'Co. · L~f.t, Switierland. ·The. txpefi• . the !-emiconducung mattnaf. ~I;- o:md TQ ·for 
.. mental. p;-~ur~. for the ~suremetta of . tht: s.ame oo~poum.l rema.in invari"'nt. -~fbo 
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(AIOQhol and.l.!cctalc). Fig.~. Pl~t of the lo:g o-o values wr~usE(frbm eq._ 
Vltnmln A akohol: lower line .~fi ~ale); . . . (l)j for Vitamin A (nli:oholan<t"~lato) at n COilstQ.'1t . ; 
Vitamin· A ~cetate: top lint {rlthl SCillc).' temperature [(l/1'\)~3.80x w-ll K-IJ, •' . 

- · .-~- diiTen:nl vapours (the rmmbers lndic:;lc lhc . Vitamin A alcohol: lower line (rfgh_t scale); : 
'pecific va{Xlur as ~tated in the text}; Vitamin A I!Cf;la!e: top line (left scale). . · · .. 

' .:-o- ~iffo:rim~ nmo~ts or ethyl acelate vapour The clo~ and open i:lrcl6'1ndkatc S-3111!' as Itt, Fig..,·: 
. (~liVdtion enerJY . dcerea~t~S vlith t"o I; . ' . . . . . . .. ·. ~· .. ·:.~ 

incri:aslnf{ SIOO\I.Ill Of tlte \'IJPoUf adsorbed). , · . · . . . . · --~ 
... __ _:._ .... ..,~ ... -. :- _. _ ... ~.,. --·-·:-----:--~~dicy-af1flC'compensatioilruTe· jfi"~olid . 
viillie of the slope i.e. (2k T0 )- 1 .obtained front · Vitamin· A semiconductor. · .. : 
fig. 2 is 14.45 and i7.S2 ev- 1 for Vitamin· A· . We· thank the Council of Scientific ·anti 

. alrohol nnd acetate respeetively.- · Industrial Rcs~rch,lndia for a. Senior Restl!U"(;h 
f'rom eq. (2) it is seen· that for any parti~uln~ Fellow!'h~p (to B.M;) and Prof. G. S. Kastba.. 

temperature · ·T, the specific. conductivity · iil for his kil1d interest' in this problent• Thanks 
e1rpressed by · · _:, nre. also due. to M/s. Hoffmann~ La Roc~e l!i. 

·. . . [.l t l E Co .•. Switzerla~d for J! kind gift of. the V..itnmin 
los a(T1)= log o-'0 + ";:""--r .;L (~) ~~- fU1mples. 

~-o t.J"'• · .. 
giving a slope eq'lwt to [(I/T0)-(I{T1)}(i-{2k) • ReY~~ 

·and an intcrecept of log o-0#-for the linear plot I) 'M. Masui, H.· Nng11salul and K. Yalulgl: lp."l. 1. 
fog o( "(1). :vs E . . The . crilctiiated. slopes with . Appl. Pnys. · t6 (1971) I 17. · • "' 
.. ,. 1 · 2) G. Sllwe, r<.. r<Hal;awa and M •. t~a: ipri. 1. Apr;l. 
«~T0l-_,as «>bta_intd. from Fig. 2 are 7.73 and . Pnrs .. u <1972) 4!6. , 
4.66 eV · for 'Vttamm A aicohol n_nd acetate_ :n -p, o. Elcy, A. s. F.:w.:eu and M. R. Wills: Tnm1. 
re~pcctively.11le tnpcrimeniaJiy observed alopes ·- · Faraday Soc. 04 u96t}}.J$iJ, . . 
(f'ig. I) Sire ir. e.1icel!enl agreement \~ith ·thi9. · 4) D.· Ro)!enbers; It Bhov,mlk, H~ C. Hnrdt'i' attd 
The Vl.d"'e'of-.'!tobtained from Fig. 2 [~.BOx· E.Postow:J.Cbtm.Plly~.49(~%f))tllo;!. . 
so-*.and 1.$0x 10-to (Q·cm)-1 for Vitan'lin A S). F. Gulm;tnn and L. E. Lyona. Oroatl/( s~mlron-

. · . · • - tluuor. (Wiley, ·New York, 19(!7) p. 428. · 
nlcohol and acetate respeclively} and Ftg .. 1. 6) n. R~nber;:·J. Chcm. i'h~'S. u (1962) ~il6. 
(2.1:15 x ~~~.' and 1.60 X w-•o (Q•cm)- 1 for 7) T, N, Misra, 1'1. Ro-..cnbers and R. Swlb.er: 1 • . 

. Vit11min A .akohol sn~ acetate resp«tive!y] Chern. E''nye. 43 {1961H 21J%. ._,;. 
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: m~!n~a) ,cv19P~~-b _a(;Cu~ ula~ed 's}Jow_s. )lJ~t ·& o po~Ha'in: :recent .. thGor<ith;:al \yon~9,,• !01' ,1!ti&!£cllf · t'lu~t. in -biolpgoital 
hJlQIJCrttiAL't\inctiops. 'CNth'llll111 antl ·Lyons 'I) ·s·howed_ a . ~sen1icondt:tctohi the: ~61n'peri4atidt) .e(leC.t arise~ '(!tic. to.:: 
lltiehr,'rd4f!~r'~:h~p ot.tht!,fcir,iJ·. . · ,' .. ,. . · . . ttie· Jiti~ .tor~~bti<J!i :pl:&,t~ss.:, ~n· vJc.;\· or th~: }c~t'\ltY::·:" 

.. 1 . : ·: ..... , . . liii &.o>~· .. ~S + p . (2f ·.- txpotiKh<:n0l 'wor.k& ·1lx<ill~ble ~bh j~iil.'. dfe¢t; )t Y'~s 
•, .1 · ·: .• :' '··· .. · .. ·:'. ·. , . . ·., ; > . , . · · . thoiigl~t,. wor~hv;hil!!, .~o. _jtwe~~ig<J.tC:: ·the. co!ld:U_ct'l~ll'l 

htM1s .go_oa, for one·e_nt_lre·dass -of org_ann:: ... ompouhds; · . ·· .' . · · ... ·b·.····H.·_· · 1·. · ·.•···. ··•;, t.·. ·· -r.;,. ··...,~-... · . · · · :~ ~ . . . -- · · · · · ·· . .. : .. ·. ,. . · .· '· :, · ro:c~ss m more . Wl.vg.tq:L. s(';_rnJ~:oqn .. c .ors: .. .~c .• J .t_ •• ., •• , 
. tt. and p be.mg. c.onstants •.. R;psenJ,erg~·~.> ,et at. s:tlc)\yed, -~.: _· t·ait f h ,! , , ~ ·, y . ·"effc·f .£H. o-cnerai\y 

ev,i'di!nce ~f~~~-.'.if 1i is varie4·-~):'-·hyor~tioil or._ co~lif!~~X.· .t lC)'~, k .Y.; 0; -~. !!W~or~~~~~ .10
·: ,,~-;16rted n~;dnst· '[£ .. .. 

·.J<:it'?l;lad(ln' ~el~do~ · (2)-' h •valid.· lor,' (_ ~i':igle org~t'!ic. :1"'~h· ;t~ ·d .. , Y.~fltip~~s f' a :~_,':ln;s· k'?g 1.\n:_\'it) t·o ·ch' a:
1
Je· tl1~ ) 

·· ··i. · ·' ·. .. · '·1·,· .- d' ·h·.·· . ·. 1 • ··' -• ·· fi'·· e a-sorp·on o. gas"'j; t. · npw_ ·'. .· . •o. , 
, tm,Jstancc as. ·we , an t ~:y !!Qsgesrcc a~~ ex,press10n '10r · ·. '· .. · ;,, · .. ·. · .. · .... ~- . (' · · !.. . · \·(hth.ictt1rn· R~t:i!ntly · . 
. . the spccillc_ ·t_,oitduci'ivity of the fo'nh' _: ' ... · .', . ,ab· c_. ~1\l:a .. t-~oil.ener5~clso .• org.~~~~lis'cmhl :O,oih' cs;s. tha't vitatni~ 
,·,.·. ::_.·: . .... , .•. <·. ''· · .•. ·•.. -cmg-n:to1.lv.a~c'-~.oe~~m,me·<e .YP, ,I," .. • '···' ... · 

: . ·. .: ,: ' ·. . ' i7(.1}) .d;,qo'' t:~f! C'flfk T_o) cxp'(.L$('J;k !'t ' .J~) . A is: '(i1v1Iv~ci ~n-' ol'far:tQfY ~rahScl':1Gi:iqt1 fnetha.~isrn.?~l · .• 
. ~bus iilh:orJ_udiig ·. ari.• ~qdidon~l;. constatft . T0 . . called w~ have studieq th¢ ~ffccfofadsili;flq,~n pfgases.oJ1 ~qli(l .·i 
. :_ .. clin'ract!;'r·i~t{t t,~tt1pt;r~t.ure: u/, ?11d :To- for. 'tne' siil'n.t( . viiamin' ·:A. ·. Such ad~otptkin. cJi~·ri~e( _t~~ activl).ti.On ·: 
-~-~lmpotittd,: reorai~ invaria~r. ·The Jii1ear rc;iati .. dnsh~j:i c1itrgy ahd erth'anccs ,,q1e.c6t1cliJctiyhji.' lry ~his paper ·w~ ·: ,: 

:·.;·t~w~~~- !~:~;~;~~~~it!~r:J: i~~a~:~et~:o~~~%~~nf:fi~~ .:. ·' ~~~;~~s~~~~r~i~nit;~:~~~;-~~~~~~-~~~~~ii~~~~~~~ ~~r-~ 
\ ~ffed, . ~ .A~td <B chat~!;!'!)n :such ~ m~ittper thtH' (heir :. ;,6 a,nl) :·.Fl .ate jnd,ecd. physi'¢1ljly, r:dat~<L, · _Fqrth;~•: ti!e · 
~ifec~ on',70: are rpotua!ly :co1nJk~i:~ate\). · jt h?s ,b.*cn: • fo~ril,atid~cbf·d~nor"o!l~tt;p.tot. c!Jtr;plex.:b~tvJeeny!t~~Hl ; 

. .'-poi~t~d i<hit_ ~Y. Johns~bri .. :and ~ypn~'.> · that· tlH~ lii!~~r . A.and- (Jl~.' "!gsor9es! g~~(!m>~ec_LJF~ Is·_sJlS)~h _to~ ·b.·c r~spon_~ ·.' 
. , .retationsli;p:i~tt;Wt'~ti log 00'!1'11~' e :~ay· origirJafe ~s"oi~J}~ ,: , sibl~ :for ~he' obs_er.Je~l ';lt'tiva~ion' ~ne~~y chang~: ; : _., 
: ·:frt~~, the .calcu!atiosf-'6C,'th~se para~m;~crs and th~. ·'· .. ·.' ,' .. ---~-:,._,:_ -.---c-· -f.l ' 

.. ·: ~~~ptnsl:ttic;_~l s:ft~tt:require&':n.O. phy~.ical 'iqterptetatio.,t, · ... -·· .·:.;/;· · ... · ~~p:erhn~~tt~J .. · · · - · 
, ,Hqwe\'~i;"they- have s~gg~sted ·tha~ .. if 416 urtd )~_.(!'.f~ ,.' · . .. . . · ··~.: .··. · • ... ,· · .' : ' .. ·• . . 
·.: phy~icaUy·rdated, one :>~IOi.ild i,ret a !ineat relatiooiihlp ·>:: .. High ,fiutity. vitamit~- A- alcobol.'IHIG vltumm A :tGt!U!e :· 

,,i-.,,-~Jll:c~og-:--d·-~nd--fi';"Y:t~l~in~rjlre:'~~ffije.oacltt~~~~;,~...rw~~-.ui$titine~·:-fn:~m--::_J~~~~~~~!.~:~·J~~~t>--&md-Co.~ .t..;d•:~" 
·' · f;•rtramcters in·· ag~mem;· )\'.tlh , the values. obtat.p~ >·~ Sw1~~~JtH~d~,· -f.h..-.~ -were. ~1sca ~~.~_~pcn~f :arw f~rdler JM Hlt:a . . 
'~;':.,fb:~n1: oth~~- ~_urc_e~. _:- -}!~ro~k" -~~: S/ ·~or~ _aJAy_ p£l.rJ ktda'r'~~. r~{in: -~sa~dv~!~~ c;t;>lJ te~Junque wnh ~5~11lglli;IJJ_~-i~~nd/~,--. .,. 
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!::;:tt:aitiless s~ect cl~ctrode wa.s ti~e~.· T~ere ·,~aS .a gas inlet ~~d 
' all outiet ih the conductl\•ity .clinmi?Cr," made of brass ;ahfl ·. 

lnshirncd wlth.Teflon, for gas adsorption ~tudy. The lc.mpcra­
hm'. of the ~andwlch- ctll' b~uid· be. contro.i!c.d 'rrorh ~:nitilidc; 
'I't:'ntpci·a·tur~··mcfisl.lreinc~is.,v,cte made ·i!si11,g :i coppcr-i:~n-
~tani11n thcnriocoiip!t ~trite he~ at the top;9f .tlw tnetrti cleq" · 

. irodt-. "ine. ieini~oriduct!i?n curtc11t~ were·h1ca~urcd \\•llh' an 
det;.troine!cr. an1plifiGr EA$l5 .o(t}Je Electl'<?~ic Cor'j>Qr~itipt\ of; 
India· Lu:h .Vapors of ·i-t1cthan·ol, cthat\ol,. ·hcptl\!1~, :e~hxl . 
, acdatc, OCiizcnr:i,,liild. t6lucr1t'·\\•cre <;~lJo\Vcd to ;bi1 a(isorbd m·; 

.< the ~cmicondlictcir~. The ,-~~~-\gctlt c.he~niGals ofspttt~ogr.~~t.t~ 
, '(Jt. Merck,· :i}; p; Jf.) qlibiity. wr.re :tiStd.' withtm( fu,:thh~, 
puti~catll)n: otherwh~ rq:>r.:'ated fr~ction:~l ·<1\~tUhi.tion was d()pc 
before u~e .. · 'fo pa~ varipu~ v~pors iilsii:ll')' ~nc ch!lmber/dry 
nittpg~n gas ~·a'~ us~il as r.i).rricr ·wh\dl 'W.as p<,lssed througJ'i a, 

. bubbler contal~ing ihc ~agctH· chemical. 'the parti~l pressure · 
or' the ,-c~gtiit '\·apor ih the corJduct\vitY. d1arpbcr ~1:1s kept 
ronst~.ttr during ~·qsorptioil· at .. a~ pressure' le~s ·t~i<in tne s~tunt· 
tiqn vapur'rhcssur¢ at thc.sA.hiplc:cc!l tcinp?ratul-c by t;a,r~f4l,ly 

I. adjus(ing ih~HC:Inperaiure of the bubbler .. The parti<ih i':ssure' 
()f the Vapor v(as t!ie sa't~r':Hion·vapol' presstjre of the h':agcnt 
tht:mical at ·th~·tdni>erfitul·~-of the-bubblhr. The S.l\mC. partla) 
prcssti~c · (40mtfil \\·as -·h.iai~ta,in~d 'inside 'tp:~ .. chamber for 
vp.rious vapors. · Onder thi~ conditiordt is a valid-assuniption 
that-: the same: 3.mbimt o(various vapbrs ar.e adsbrbed :on ,'the 
seu1iconci~~t~;'5; .Repeatccl:·h~~ting ~nci coolihg of th~ Sl\hlpie. 
iuitii-illy id:. ,;~~'uuin ~!id fi'~;llly }r, dcy ~it~dgcn atin(!sph<!re 
ensure-d l;l_esorptiolionv~~ef~·vapot'dl' <l~y other ad~oi:bed gas~s .. · 
T~nipc:r!lfure Lf2.5~~c)"C!f the·saniple cellS and the. inlet ,flow , 
.were kcP,r.cJ?ri$tapt durin~·aflsprptiot.l. . · 

To d!!~crn'li.tie, tHe efte'Ct.q(a~sorbcd v,a~r on lhe semiCon· 
du,:ti~n ·~6ti~1atioti'ener~w' the Satnple w.iis 'ali<:iw~d tq come:to .. 
a iteady state in the eharpber·atJrtosphere.containlng ihc v~por 

·· · -\'<ilh ·nitrogen ... The p~;e!!sur~' of the, tot<il.gas wixturc· b): '·~he · 
·ch.an1bcr \il(l.s atinospherlc jkesstire. T!le·'sattirath;ln currel}t, 
. 'lirier vapor ~,c!sory;t_ion w~s found to be ~i]il'ost .constant }::veri 
. tif~cr fo\ir ho.ul'il .indicating that the cond4ctit;il1 in· the. sy~i:ein. 
h · ina1nly.' eicdtoniC.1~.ur The. s"mple<tetLwas ~hen tapidly · 
cllOkd ·tq li~cittt ;_40 60 anu U)en the ch~miier wlu flushed 

.. tt\!n.tly tvith. dry nitrogen ga~. .SemiCond4~tloh. ciu:rerlt w~s 
oieatiured wit~ intre3:3ing t~rn:pcrature of-tire ~ample cell. The 
i:iilllCl or th¢' th:i.rnber wa~ kept·ope'l to maintain atmospheric 

' :pre8su:;e iriside.'ih~ Cham~r.. '· · · · 

... 

•.:.' 

':'. 

.· 
'R.e~U:l.tii . und IH·~~·I"lsto~ .. 

Tllc ·5~m~t~ot1d~~t.lor,· a~ti-~ati~n t~~rgy ~~ ~~~tkii~~~- r 
po\vpers .?f. vilal_llhi: A· (a\poh(;l ·and. rr2etate)· hM Reet.: -· 

· tneaSiite:tJ, sevei·al thi_1es iri .c:l.i'y nih:ogcn ·· attnosplicte;:' 
The Q,ps'crvdl: v~l:1cs ·:u·e ·2:_06 :a~d· :3.!?q e\t: (~hf.lro~.). 

·for J-he .a!c9hol· <~lid.<~!.;(i~a:t~~ rc~pc<;twdy;_ The. adsorptio~i: .. 
'o'fga,scs chl)ancCs. tli¢,se~nkon~.hktioh curreht (hy !invcral ,' . 
·~Jrdc~s·bf'-inag·i)itudc hi .some .cascs)··and .dccte;;~d .the·· 
nd!vat,ioi-1 enct'gy: •WP~.'c,r.i.ahl'y .. the resuHs ·of OQc-~'i,ich·: 
_lypi~at ~ip~rimcnt is sl~bwn in· Fig: .1. Ti\e sti·aight- \'ine 
_potl:iQQ i.~ Jh¢ lo~ ·~~ntperature n:gion sl}ows .tht~ sciiik.; 
oonthicting .p~'op6:Hes;- Of: vii<!t~in ·.A acetatc_.·po\:v~et 
.with .~~rciorbed c_t!iyl: aci!ta~c vapor. f,lnd the slope <ifdH~ . 
'linc.; _ _giv,c:S._ the. ;1¢li~.at·i.tn energy (0&2 ey) of .this seJnl,d ·. 
tonqueting ·aysfcm. ::'fhc ·straight-line .port\<:m iri. the: 
higlf tbinr:>erature i:~gio,Q ·gives ·tfio adiVa:ti6n , ¢n~m-v· 
qr:.v·itiuni'n· 1\ acetate iil. ;nitrog~t~ ·atrnosphcre.: Tii~ ., 

. 9l;sei_ved .v~hie (3:4~·:&v) i~. slightly ~owci"'p<;s$ibl.y ~,U~ 
to · inc~mpli~e· qesorption of. :i:dsprbcd :vaporn:· . T~te. 

. intermediate portio!). s~o\y~ tbe' semicoridudion bd1~ivior . . . ' .. . . . . ~ 
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'tABLE~. S&MICONDUCTION t>ARAME'tl!.Rs I'OR vtr'M.!JN A (ALCOHoL AND ACJ!TA'I'E) ON .ADSOkPTION 

_OF E'l'J-IYL•ACETATE VAPOR OF DIFFERENT AMOUNTS - .• 

Vitamin A alcohof -Vitamin A acetate 
'(SO.lid state crystalline powder)· (Solid state crystalline powder) 
.(2kTo)-1 = 14.45 eV-1 ; ' (2kT0) • 1 = 17.52 eV-1; 

,_, =2·. 8 X 10-• 0-1 cin -1 · u0'= 1. 5 x IO-U Q-l em -t 
---~ ir ' •• 

Cun·e· No. E -------l1!1 Curve No. E 170' cxp fE/(2kT0)] oq
1 e_:p [E/(2kTfl)} qn 

frotn Fig. 3(a) ·CV 0-1 cm-1 n~t cm-1 from Fig. 3(b) eV ·Q-1 cm-1 Q-l cm·::t 

l 0.94 2:22x 104 2.0x 104 I 0.63 9.32x w-r& ·~-I.ox tO~y--o 
2 1.08 t.68x 10-1 2.3x 10-* 2. o:sg 8.87x J0-4 I.7x10-3.··• 

3 1.19 -· 8.22x to-• l.Sx IO.-i. .3 1.16 l.OOx 10-1 i.6 X I(J-t 

·~ 1.43 2.64-x 10° 3.5x 10° 4 1.52 ·5.51 X }Ot i.5x tot 
5 1.62 4.ll x'101 3.0.x 101 5 l.BO 7 .4~x IQ3 1.2 >< 10' 

Cun·e No. t~5 corresponds to the_ decreasing amount of adsorbed _ethyl acetate vapor. 

4.55 eV-1 f?r these two compounds respcc'dvely. · The 
agreement is excellt'nt. Also the. intercepts give q0~,., 
2Jl5 X 10~~ n.-1 cm-i fot· vitamin A alcohol and qo'""" 
1.6 x I0-10 !l-1 cm.-t for vitamin .A acetate. These 
values agree well -with- tl\e \'alues obtalned from .the . 
~og u11 1·s. Ea11d log u tiS. J/T plots. Thus the high 
correlation ·between the relevant parameters ir1, semi-. 

-conducting vitamin A powder on adsorption of various 
v~pors indicates that Compensation rule is valid in 
these biological semiconductors a11cl that !10 and E are 
indeed physically related. . 

Typt of. lniqaclio_n between the Adsorbed Gas and the 
Semiconducting- Material. It needs to be pointed out 
th~l the reason for tlie semiconductiofi activation energy 
change is not quite settled,8·11l H:owevcr, donor-acceptor 
complex formation has been widely held responsible 
for the increase of current in some semiconductorst5-17l. 
due to gas_adsorption. As the vapors used in this present 
lnvest.igadon are goo.d electron donors and polyenes are 
known to act both as elect_ron donor and electron 
acceptor,1a,to) formation of charge·tran~f~r complexes of 
vitamin A (alcohol and acetate) . with the adsorbed 

. vapors may Le pos&ibte. · ~t h~d generally bee:n 
.observed~"·21 1 that in solid charge-transfer complexes 

. with a particular acceptor ·and a number of similar 
ty1)e of donors, the seriliconduction activation energy 
as obtaiped frotn r.elation (l) and thc.energy (Jw0 r) of 
the IQwest cliarge.:transfcr band 'are lineatly related by . 

- the cxp~·ession · 

.E c:: iiiJc'l' ":- ($ 

::::: In - E~~. + C1 - o, (4) 

where, fo is th~ vertical ioniZation potential of the donor, 
EA is the vertical electron affinity of the acceptor, c1 is a 
eonstant:2> and (S is aho apother constant of very low 
,v.alue.JIIIl h1 Fig. 6, we show a plot of E us. ! 0 • A linear­
relationship is obtained as expecttd from Eq. ~. Thf' 
lllope of the llne (0.6) lwwe\'t"r, is much le~s than unity. 
Such a value for the slope is a ratber general observa­
tiontil.~'> jn ltllc>r l•.r. /p plots. The intercept of this plot 
1~- -3.8 eV. )'1ie value of -C\ is usuaJly22,26) around 
3 eV. The electron aHinily of anhydro vitamin A 
whkh is C'!xpected to be ·dose to that of vitamin A 
(nl(ohol and acetate) has been reponed lO be2•J 0. 7 eV, 

· '1ni• g~veil·a value ofO.l.~:V for 6 which is. a V(:ry reason· 
_a_gk. value.i).~Uj This iidds furthc.i· aedence to the 
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-J·ca I I I 
·O 6·8 9·& 10·4 - 11·2 J::j·O 

1_0 /eV 
Fig. 6. Scm.iconductlve .-activatioq ehergy (E)_ vs. ioniza. 

tio1i potential (/0 ) .ofthe adsorbed vapor molecule~. 

-!:::.-: Vitamin A ace~ate. ~ll rrt"-" a !.-
· -0--:--: Vitamin A alcohol. '\ · J\ _ /.:.. 

-. .. . . c..t.A.~,p~. 
proposed ch.arge-transfer concept. . · 

There are number of theses about the mechanism of 
conduction · in organic .semicondu·et~rs Ieadi~g to · 
compensatioq. effect. The carrier .injection model of 
_Green27) produces the type of activation energy depend­
ence of the pre~exp<?riential factor as observed expet·i­
mentally, but does noi: provide any physical basis for 
the interpretation of T0 •. Significant difference in 1~ 
values for these two compounds suggests that T0 1s a . 
molecular charactcristkoftbese organ,ic semiconductors. 
Kemeny and Rosenberg'!s) observed. ~ompensation iaw 
in tunneling of small pola~on through molecular barrier 
from thermally activated energy levels of molecules. 
Their model predicts that T0=0/2 (\vhere 0 is the 
De bye temperature) an,d that at T> T0; smt~ll polaron 
tunnelh1g i~ not possib1e ,and compensation effect b 
not expected to be observed. No experimental study 
seems to .have been reported on thq semiconducdve 
behavior of organic compounds at T> 1~. Debya 
temperature for v-itamin-_ A alcohol and acetate are 
not known. It has_ been rep<>r~cd2G) that the Debye 
temperature· for a s~ries· of crystals of large aromatic'.; 
molecules lit•yin the- range 100,......130 K. It seems that' 
the T0 values measuted are far too high to justify the 
polaron tunneling model. . · ' 

An interaction between the electrons' nnd the vibra~ 
tiona! t~otion f!as been thoiightQ,Jt!) to be the· mechanism 
behind compensation .effect. A change in the decttonic: 
state. {due to complex formation) gives rise to nn activa­
tion entropy because of a change in vibrational frequen~ 
d~.- The variation in both the electronic energy gap 
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