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Two band systems have been observed in the electronic absorption spectra of 9-nitroanthracene in the 
near ultraviolet region having origins at 26100 and 23800 cm-1. These have been- assigned as 1A-+lLa and 
1A ->- 1Lb transitions respectively. The emission spectrum of this nitro aromatic compound has also been 
reported. A good over lapping between the emission spectrum and the 1 A -+ J. Lb absorption band has been 
observed. It has been sqggested·that the low energy excited singlet state is a rr rr* and not a n rr* state as in 
wme nitro aromatic coci'pounds. IA-+ 1Lb band which is hidden under the intense lA 41La band in anthra
cene, tln:s, appears in this molecule due to the substitutional perturbation of nitro group. The solvent effect 

on the lA -+ I La transition energy has been explained in terms of predominent dispersive interaction and weak 
dipolar interaction in non-'p('>lar solvents and in terms of orientation-induction effect and local interaction in 
polar solvents. The observed change in oscillator strength of 1A -+ 1La has been explained in terms of inter
molecular forces between the solute and the solvent molecules, the translational fluctuations between the 
induced moments and local interactions. 'Intermolecular force factors' for various solvents have been 
estimated. 

l. Introduction 
In catacondensed hydrocarbons, as one moves 

from benzene to higher polyacenes, both 1 La and 1Lb 
energy levels of benzene move to lower energy. The 
lowering in energy of 1 La is steeper than that of 1 Lb 
and in anthracene the longest wavelength band is due 
to 1A ~ 1La transition and· 1A......,) 1Lb band appears 
to be hidden under the stronger 1 A ~ 1 La transition1 

at 37oo-A. 
The nitro group is an important chromophore. 

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

2. Experimental Procedure 
The sample of 9-nitroanthracene, a gift from 

Prof. R. S. Becker, was further purified by repeated 
recrystallization using purified benzene. Needle-shaped 
yellow coloured crystals having melting point at 
l46°C were obtained. Solvents of spectrograde quality 
were used. 

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

Elmer 202 recording spectrophotometer and also on 
a Spectromom. 202 spectrophotometer 'of Hungarian 
Optical Co. The emission spectrum was recorded on 
Aminco Bowman· spectrofl.uorometer. 

3. Results and Discussion 
3.1 Spectra 

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

240 260 280 . 300 

WAVENUMBER 1 10
2cm-1 

no 

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

_A close examination of the absorption· spectra of 
9-nitroanthracene·in vari'ous·solvents reveals that the 
strong band system at about 26100 c.rll-1 resembles 
the lowest 'energy absorption . band of anthracene 
(Fig. 3). The bands on the lower energy side are struc-, 
turally different from the bands in ·the intense· system· 
an~ possibl~ belong to different electronic. transition~. 
This deductron has ·been further substantrated by the 
vibrational analysis of the spectra in v~rious solvents. 

It has been pointed out by Coggeshell and Pozef
sky2 that in benzene and naphthalene spectra the vib
rational spacing involving transitions to a 1 La state is 
~f the order of 1400 cm-1 and -in transith:ms to a 1Lb 
state it is of the order ·onooo cm-1• The 1400 cm-1 

vibration is associated with. the C-Hin-plane bend
ing whereas the 1000 cm-1 vibration-is the ·breathing 
vibration of the ring. 

The analysis· of the spectra of·9..;niti'oanthracene. 
shows that the separation :between .the bands' <in the 
iritense system is about 1400 cm-1 which possibly is 
C-H in-plane bending vibration. !J'his ·vibration 
for!lls a ·progression 'in the absorption 'spectra of 
anthracene solution at room temperature (Fig. 3). 
But the separation --between the bands b and c is 
about 900 cm-1. This suggests that hand c belong to 
two· different ·electronic ·transitions. The· separation 
between the bands .a ·and .b of the 'lower energy-band 
system is· much less than :1400 cm-1 and is about 
1050 cm-1 : -It-seems that possibly 'the ·breathing vib
ration oLthe_ring_forms .the progression -in the weak 
low energy .bl:ind 'system. We assign this band system 
to l.A "-i>'- 1-Lb·. tr;:msition, which ·has been shifted to 
red; more than the intense 1 A -+ 1 La transition and 
the two band systems ·have been :resolved in this 
9-nitroanthracene ·molecule. 

:The emission spectrum of 9-nitroanthracene has 
beel{11i\S-estigated. In cyclohexane, emission-has been 
obs~.r_yeq-' Th_e. _eg1ission spectrum is reproduced .jn 
Fig~ 3. A "good overlapping be_tween the observed 
emission and weak low energy absorption spectrum 
is observed. This ·observation ·is interesting in view 
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of the fact that the lumine~cence of nitroaromatics is 
not yet clearly understood. Many nitroaromatic com

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

excited singlet and triplet states of nitroaromatic 
compounds are usually nearly degenerate and both 
rt'lt* -and- n'lt* s-tates are present in each molecule. A 
·good overlapping between 'the lowest energy weak 
absorption and the emission shows that both initiates 
from the same states which has a 'lt'lt* character. It 
has been suggested by Plotnikov3 that as the size of 
the aromatic system increases, rt'lt* state moves to a 
level lower energy than the n'lt* state· energy level. 
Intramolecular charge transfer character of the low 
'!nergy state is also -expected to increase with the size· 
·of the ·polynuclear nitroaromatics. This should 
increase the 1'1trc* -+ 1rcrt0 transition probability. 

Thus, we conclude that the lowest-excited singlet 
state in 9-nitroanthracene molecule is a 7t'lt* state 
and that the ·system · having origin at about 
23800 cm-1 bekn1gs to 1 A :..___,. 1 Lb and the 'other having 
origin at about 26100 cm-1 belongs to 1 A -+ 1 La 
transition. 

3·2. Solvent Effect 

·Solvation· energy-The solvent effects on the elec
troniC< absorption -spectra -of 9-nitroanthracene -have 
peen studied. The non-polar solvents n-hexane, cyclo
hexane, carbon t~trachloride and benzene ·and -polar 
solvents methanol(MeOH), tetrahydrofuran (THF), 
1, 4'-dioxane, and chloroform :have been- used. 

In polar solvents, though 1 A ~ 1 La transition 
shows a vibrational-structure, in 1 A -+ 1 Lb the vibra
tional structure is not generally obser-ved. Ih non
polar solvents the vibrational structure of both 
1A -+ 1 La and 1 A -+- 1 Lb transitions are observed. 
However, the vibratiomil structure observed in ·Satu
rated hydrocarbons is appreciably blurred in the 
solvents like carbon tetrachloride and ·benzene, possi
bly due to stronger interaction between the solute 
and solvent molecules. 

The solvent effect on -the absorption spectra of 
a solute is -known to ·be due to dispersive interaction, 
dipolar interaction and in case of polar solvents also 
due to the orientation-induction effects of the solvent 
dipole on the solute molecule.4 •5 In addition, local 
interaction like .bond -formation, etc. may also affect 
the transition energy. Quantitative estimation of the 
absorption energy could be made for 1A -+ 1 La tran
sition only. For both non-polar and polar solvents, 
plots of tr~nsitiqn energy against the factor 
(n2 - l)f(n2 + 2) give good straight lines, where n is 
the refractive index of the solvent used. 'Fhe · linear 
plot for the polar solv\'!nt is, ·however, on the •lower 
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. Table -!-Absorption Bands of 9-Nitroanthracene in Various Non-polar Solvents at Room Temperature 

n-Hexane Cyclohexane Carbon t~trachloride 

\\'ave- Tentative Wave~. Tentative Wave- Tentative 
nvmber Intensity assign- number Intensity assign- number Intensity assign-

cm-·1 ment cm-r ment cm-r ment 

24150 w Ot -" '24000 w Ot 23900 vw Or 
25200 vw 01+1050 25000 vw 01+1050 24950 vvw Or+1050 
26250 s 02 26075 s 02 25975 s 02 
1.7625 vs 02+1400±25 27475 vs 02+1400 27375 vs 02+1400 
29000 s 02+2x 1400 28900 s 02+2x 1400 28750 s 02+2xl400 . ., 

±25 ±25. ±25 
30350 w 02+3x 1400 30275 w 02+3x 1400 30100 vw 02+3x 1400 

±25 ±25 ±50 
w, weak; v, very; and s, strong 

Table 2-Absorption Bands of 9-Nitroanthracene in Various Polar Solvents at Room Temperature 

Wave
number 
cm-1 

Methanol 

Intensity 
Tentative 

assign
ment 

Broad and weak absorption 
in tl:e range 

25500 cm-1 to 22000 cm-r 
26100 s 02 
27550 vs . 02+ 1400 
28925. . s 02+2 X 14CO 

±25 

·Solvent 

Non-polar 

n-Hexane 

Cyclohexane --

Carbon tetrachloride 

Benzene 
- -- --· -·-

Wave
number 

cm-r 

Tetrahydrofuran 

Intensity 
Tentative 

assign-
. ment 

Broad and weak absorption 
_ in the range. 

25300 cm-r to 22000 cm-I 
25950 s 02 
27350 vs 02+1400 
28725 s 02+2x1400 

±25 
v, very; and. s, strong. 

.Wave
number 

cm-r 

·1, 4-Dioxane 

Intensity 
Tentative 

assign
ment 

Broad and weak absorption 
in the range. 

25500 cm-r to 22500 cm-1 
25900 s 02 
27300 vs 02 + 1400 

287oo s 02+2x14oo 

Table 3-Experimental Oscillator Strength Values and the %-Factors 

Oscillator (1 +X)fi Solvent " Oscillator 
strength strength 

Polar 

0"1281 o·I044 Methyl alcohol 0"0801 

0"1221 0"0961 Tetrahydrofuran 0•1078 

0"1130 0"0869 1, 4 Dioxane 0"1141 

0•1070 0"0799 Chloroform 0"1341 

Benzene 

Wave- Tentative : 
number Intensity assign-

cm-1 ment 

23700 vw Or 
24750 vvw 01+1050 
25850 s 02 
27250 . vs 02+1400 

-28650 s 02+2x 1400 

30000 vw D2+3xJ400 
±50 

Chloroform 

Tentative Wave
number 
cm-r 

Intensity assign-
ment 

Broa~ and weak absorption 
, in the ~ange · 

25000 cm-r to 22000 cm-r 
25875 ,. s 02 
27275'- vs 02+ 1400 
28675 s 02+2 X 1400 

(1 X X)fi 

o·o674 

0·o866 

0"0902 

0"1042 
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Fig. 3.!-...Emission and absorption spectra in; cyclo'hexane 
[1, Emission spectrum of 9-nitroanthracene; 2, absorption 
spectnim of 9-nitroanthracene; and i 3, abso:r-ption spectrum 

of anthracene] 

energy) range and has a different slope :than tpat for 
non·p~lar:solvents '(Fig. ~4). A ~lose examination :of · 
the expr~~si~n : foi,· sol~e~i: shift in the abSbrption 
spectra; of a solute as discusse9 by Basu5 leads to 
some interesting conclusions. . The linear plot :in ·non
polar splvents indicates that the !dispersive interaction 
predominate$ over ·the dipolar interaction. Fbr · the 
1 A ~ 1 !a: tr~~sitio~i of medium intensity, this possibiy 
furtherisligg9~ts:;th~t the c~a~'ge1in the dipole n~·oment 
on excjtaiioi} is: small in g·~nitroanthracetfe molecule. 
The lin'ea:ri plot in. p'ohit·soJveh:ts 1is not ea~y to rationa
lize. I~ possibly .indicates tha;t the difference in 
dipole moment in the excited lc:tntl in the·· gmund state 
is smal~ a~i:l ~lso~.1ht{sum tdtal 'of!orie:fi'tq:ti~n induction 
effect ap.~ 'loq'al i,nteractim{is pot rnucll dependent dn 

- the solvent refractive index. Smali ref~active· 1 inci~x 
depend~nce is, however, present giving a d:iff~re'nt 
slope of the linear plot. Indeoo, 9·~nitroanthnicei:ie"is 
expectel:l to have strong local' interaction witli. some 
polar solvents used. It is knowii6 ' 7 that I, 4 dio~ane 
forms a!. weak N · · ·· .. 0 bond: i~ the same way as 
alcohol 'forms'hy~rogen tiond: The hydrogen Bond :is 
much niote s(ro:!igeF than iN······O bond! Tettahydro
furan i~ more polar than dloxarie and is· similar in 
structure anil may form a stronger N ...... o bond 
than dioxane, 

Osc'illatoi:'.· strength-Theoret.ical stUdies on the 
solvent ;effect!.on :~he j-value of ad electro pic transition 
in the sbhi.te . mdlecdle ·. have be¢n niosily· concerne·d 
with th,e Local ~eld:efft;:~t. e. g. Lorentz-Lor~nz fieltl 
by Cha,k<)8' or' Botteher:.oniager field by 'schuyer ariil 
Bakhsi~r et a/. 9 The resulis are always analyzed' in 
terms of local field contributioi1s and dis.torti~ns of 
electronic charge distribution. by the surroundings:. 
Chako's correction factor for the spectral intensitY 
change is not sufficient to explain the ob&erved · 
results .. Recently, considering ·long range dispersive 
forces to be operative, Abdulnur1o has slio'wn that for 

. the conversi.on of the . oscillatoJ; strength value m 
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Fig. 4--The .plnt of transition· energy of lA-+ lLa band of 
9-nitroanthnicene against (n2·:.:...t)/(a2+2) where n is the ref..: 

ractive irufex of-the sOlvent 

' solution frcim : the corresponding: isolated' molecular 
value, Chako's correction factor (n being the refrac~ 
tive index off the solvent) i~ of minor importance: 
compared to an additional 'IMF' factor-' originating 
from thb intermolecular forces between the solute 
and the:..solvent molecules and from the translational 
fluctuations"between the induced moments. 

Our results for the J-,value~ in various solvents. 
cannot be explained: by ·-Ch'ak'o's . correction factor 
alone. Exp[!;nding tbe'''IMF' · factor· to include loca:l 
interactions>between the solute and the solvent mole~ 
c:ules as well, the··expehmehtal oscillator strength in 
solution/; can, be'expressed by the empirical relation 

1 . . 
-· (1 + X)j; =!. . y . 

where 1/Y is~the Chako's factor, f; is the free molecular 
oscillator strength and X is the expanded IM F factor~ 

· We have· estimated the val-&es· df (1 + XJif.· from= the 
experime'nta}Hy ·observed oscillator strengths in sohi
tion which are'presented in Table 3. With the increase 
df n, while in polar splvents the f-value increases',\ 

!-'value decreases in non-pbliir~ solvents. In case of 
n·on-polar solvents, tHe dispersive· interaction plays; 
a very jmportant role. In going from n-hexane 
to benzene the solute:~solve.iit interaction increases: 
The X factor increases· with· the increase of: 
refractive in'dex. Thus, the observed decrease in 
f-va:Iue followed by increase in' X- factor indicates a 
negative value for this interaction factor in non-polar 
solvents. In po'lar solvents the contribtition to· the 
Jt. factor is not only due to dispersive interact10n or 
d'ipole irtteractibns but also due to local ii1teractions. 
As has been pointed out b~fore, local bond formation 
with 9-nitroanthracene and solvent molecule is possi
ble: Thus, the X fa<..tor in· .polar solvents will be in 
the=order : 

XMeOH > XrHF > Xmoxane > X..:hloroform 

I . 

J 
; 

:l 
I . • 
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The experimentally observed .f-values increase in the 
same order' indicating a positive value for the X~factor _ 
in polar solvents. 
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Semiconductive properties of organic compounds 
gas adsorption effect on 9-nitroanthracene 
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The conductivity of powdered 9-nitroanthracene in a sandwich cell 
has been studied. Conductivity of this organic compound follows the 
operational semiconductivity relation 

O"(T) = 0"0 exp.(-Ef2kT). 

The intrinsic value of the activation energy (E) is found to be- 2 ev 
both in vacuum and in dry nitrogen atmosphere. The specific 
conductivity O" (27°0) and the pre-exponential factor (0"0 ) are 
0·9031 X I0-15 Q-1cm-1 and 75·ll Q-1cm-1 respectively. Effect of 

·the adsorption of various vapours e.g., carbontetrachlor-ide, benzene, 
ethyl acetate, methanol, ethanol and iso-propanol has been studied 
at a constant vapour pressure. The change in conduction current 
shows a distinct inverse relationship with the ionization energies 
of the adsorbed gases. This suggests that charge-transf~r interaction 
may be responsible for such change. The rise in conductivity is 
exponential with increasing vapour pressure. The adsorption kinetics 
observed is fast and efficiently reversible which follows the modified 
Roginsky-Zeldovich equation. 

dm · 
dt = A exp.( -(JmfkT) 

where A is a constant and (Jm is the activation energy associated 
with the rate of adsorption (dmfdt). The factor (1 has been found 
to have inverse dependence upon vapour pressure. 

l. INTRODUCTION 

Semiconductive properties of organic crystals on adsorption of gases on the crys
tallite surfaces in a sandwich cell depend on the nature and strength of-interaction 
between the adsorbed. gas molecules and the semiconductor. This results in 
change in semiconduction current and the activation energy of the semiconductor. 
Both organic and inorganic semiconductors are very much sensitive to the 
ambient atmosphere (Gutmann & Lyons 1967). It has been spec.ulated by 
Rosenberg et al. that a weak charge-tr-ansfer complex formation between vapour 
molecule and the semiconductor is responsible for the enhancement in the conduc
tivity and lowering in tbe activation energy in case of polyenes and other com
pounds (Misra et al1968, Rosenberg et al1968). Attempts have also been made('::j 
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to explain such change of conduction current on gas adsorption in terms of 
physical mixing of original unperturbed semiconductor and the perturbed (due 
to gas adsorption) compound at the surface, resulting in so calleil. compensation 
effect (U1bert J970).· A three constant conductivity equation involving change 
in the pre-exponential factor (a-0 ) has also been proposed (Rosenberg et al 1968). 

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

2. EXPERIMENTAL PROOEDURE 

Commercial 9-nitroanthracene was further purified by repeated recrystalliza
tion using pmified benzene. Needle-shaped yellow· coloured crystals having 
melting point at 146°C were obtained. Solvents of high purity were used to 
study gas adsorption phenomenon. The compound in the fmm of fine powder 
was pressed in a sandwich cell between a conducting glass and a stainiess steel 
electrode. Separation between the electrodes was maintained by 3 1nil thick 
teflon .spacers. A d.c. voltage of 22·5 volts was applied across the cell which 
was placed on a thermal bar platform in a suitably designed conductivity 
chamber made of brass and fashioned with teflon. The temperature of the 
sandwich cell could be controlled from outside. Gas inlet and outlet were also 
provided for gas adsorption study. Temperature measurements were made 
using a copper-constantan thermocouple, attached at the top of the metal elec
trode and a millivolt potentiometer. All the conductivity measurements were 
made in dry nitrogen atmosphere/vacuum with an electrometer amplifier EA 814 
of Electronics Corporation of India Limited. To pass various vapours inside 
the chamber, nitrogen was used as a carrier gas which was passed through the 
bubbler kept at constant temperature. Repeated heating and cooling of the 
sample in nitrogen atmosphere ensured desorption of adsorbed water, oxygen 
or any other gas molecules prior to the experimental run. Tempertature of the 
sample was maintained constant at 27°C during adsorption studies .at different 
vapour pressures. 

3. RESULTS 

3.1 Oonduotivity of 9-nitmanthraoene powde1· 
The conductivity of powdered 9-nitroanthracene studied in. a sandwich 

cell in the temperature range of 30°C to 103°C in dry nitrogen atmosphere follows 
I 

the operational conductivity relation for semiconductors : 

a-= a-0 exp(-Ef2kT) (1) 
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as shown in Fig. I. In high temperature region, a higher value of activation 
energy (about 2 eV.) is observed than that of low temperature region which is 
about 1·4 ev. Thus, the high temperature region might be attributed to the 
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ci. 
E 101 
0 

1-
z 
w 
Cl: 
0:: 
~ 
0 

:lo:: 
cr: 
~ 

L-----------~----------~-----------~----------~-· 
2·5 2·9 

1000 

T
0 

I< 

Fig. 1. Conductivity in a 9-nitroanthracene powder cell. 

intrinsic region for this semiconductor. The !3pecific conductivity (0') at 27°0 
and the pre-exponential factor (0'0 ) were found to be of the order of 0·9031 xl0'-15 

.Q-lcm-1 and 75·11 Q-1cm-1 respectively. 
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3.2 Gas Adsorption Effect 

The adsorption of various vapours, e.g., carbon-tetrachloride, benzene, 
ethyl acetate, methanol, ethanol and iso-propanol have been observed to have 
a pronounced effect on the enhancement in the conductivity as shown in table l. 
The adsorption process is fast and efficiently reversible. The initial value of dark 
current is reached quickly simply by flushing the chamber with dry nitrogen. 

This is shown in Fig. 2. 
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Fig. 2. The change in dark current in a 9:nitroanthracene powder cell with (a) adsorption 
and (b) desorption of carbon-tetrachloride vapour at 32·4 mm. vapour poressure 

(sample kept at 27°0). 
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3.3 Vapour Pressure Dependence 

Mea.eurements were made on the conductivity rise at constant temperature 
as a function of partial vapour pressure of carbon-tetrachloride inside the 
chamber. The total gas mixture inside the chamber was at atmospheric pressure 
and the partial vapour pressure was the vapour pressure of the chemical used. 
At constant flow and c,onstant vapour pressure the conductivity after adsorption 
(]' A(m) follows· the relation (Misra et al 1968) 

(J'A(m) = (J'f exp (o:m) (2) 

where o: is a constant and m is the amount of the vapour adsorbed. m depends 
on the partial vapour pressure of the chemical and in the initial p!=lriod, also 
on the time of exposure. After sometime, however, an equilibrium is established. 
Thus we assume that in the initial region· 

m(t)=Q(b). p ............ (3) 

Q(t) is a function of time. At equilibrium 

(3) 

where Q0 is another cQnstant. So, at equilibrium 

O:A(m0 ) = (J'v e:ip (o:.Q.p). (4) 

A plot of log(]' .A(m0) versus vapour pressure (p) is expected to be linear. Our 
experimental result in Fig. 3 shows a good agreement with this. ·When small 
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Fig. 3. Change in the dark current of 9-nitroanthracene powder cell as a function of the 

vapour pressure of carbon-tetrachloride. 
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fraction of the surface is covered by gas molecules equation (3) is expanded 
from Langmuir's adsorpition isotherm. 

4. DrscussiON 

4.1 Change in S emiconduotion current 

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

gases. 

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

Vapour 

Carbon-tetrachloride 

Methanol 

Ethyl Acetate 

Benzene 

Ethanol 

Iso-Propanol 

Measured factor for 

current rise 

[u(steady state)Ju(initial) 

3 

6 

3x 10 

3xlO 

1·2 X 102 

9·2x 10> 
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4,2 K inetios 

The change in dark current. in a 9-nitroanthracene powder cell with adsorp
tion and desorption of carbon-tetrachloride vapour at 32·4 mm. vapour pressure 
is shown in Fig 2. Adsorption kinetics follows Roginsky-Zeldovich equation 
in a modified form (Misra et al1968, Eley et al1964). It was assumed th~t there 
is an activation energy associated with the adsorption rate, which increases 
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Fig. 4. Adsorption kinetics data plotted according to Roginsky-Zeldovich equation. 
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linearly with the amount of adsorbed gas. Thus, the rate of adsorption (dmfdt) 
will be 

a;= A"exp(~flmfkT) ... (5) 

where fl. is. a constant. 

Integrating (5), we get 

leT 
m(t) =---p log(t+t0)+constant ... (6) 

combining (3a) and (6), 

kT 
p = fJQ(t) log(t+t0)+constant. ... (7) 

Now, expression (2) can be re-written as 

. log O"A = ct:Q(t) p+constant. ... (8) 

Substitution for .P from (7) in (8) results in 

log u A·= rx~T log(t+t0)+constant.· (9) 

A linear plot of logO" A versus log (t+t0) is suggested and our experimental 
results in Fig 4 are in good agreement. Different slopes observed at different 
vapour pressures for the same value of ct: shows the vapour pressure dependence 
of fl. (Table 2). 

Table 2. Vapour pressure dependence of the factor fl' for carbon-tetrachloride 
vapour adsorption kinetics. 

Vapour ((if a) 
Pressure (mm) (ev.) 

32·4 4·074x 10-2 

42·0 3·218 xi0-2 

56·7 2·458 X10:-2 

79·3 1·907 xi0-2 

97·95 .1·577 X 10-2 

· Our experimental results indicate that the activation energy associated 
with the rate of adsorption is not linearly increasing with the amount of the 
adsorbed vappur. 
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