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Semiconductive properties of organic compounds :
gas adsorption effect on 9-nitroanthracene
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The conductivity of powdered 9-ntrounthracene w a sandwich cell
has been studiod  Conductivity of thus organe compound follows the
operational semiconduclivity relation
a(1') = agexp (— L[28T)

The mtrinsic value of the activation energy (£) i found to ho 2 ev
both 1 vacuum and in dvy nitrogen atmosphere  The  specific
conductvity o (27°C) and  the pre-exponentml {actor (o) are
09031 5010 % Q Tem b and 7501 Q 'em ' respectinely  Bffeet ol
the adsorption of varwous vapouis ¢ u L carbontetrachlonde, bunzene,
atliy]l agetate, methanol, ¢thanol aud ro-propanal has heen studiod
ab @ constant vapow pressive The change m conduction current
shows o distimet mverse olationslup with, the omzation o
of the adsorbed gares  Thus suggests thad. charge-translor miter
may be responsible Ior such change  The rize 1w conductivity s
exponental With mercasmg vapouwr pressurve  The adsorption kincties
observed s fast and olficiently reversible vhich lollows the modified
Rogimsky-Zeldovidy eruation

ction

~= — deap( pm/ET)

where .1 is a constant and gm s the actnation  cne gy associstod
with the rate ol adsorption (dmfdt)  The factor f# has hoen found
10 have mverse dependence upon vapour pressure

1. INTRODUCTION

Semiconductive proportios of organe erystals on wlsorption ol gases on the crys-
tallite surlaces in a sandwich cell depend on the natwre and strength ol wieraction
botween the adsorbed gas molecules and the senuconductor  Tlus results in
change 1 senuconduction curtent and {he activation energy of the senuconductor.
Both orgame and inorgunic senuconduclors are very much sensiive to the
ambient atmosphoro (Guimamm & Lyous 1967) It s heen speculated by
Roscenberg ¢l al that a weak charge-ttunsfer complex Jormation between vapouw
mwoleculo and the semiconductor is responsible for the cubancement i the condue-
twvity and lowermyg m the activation encrgy in case ol polycnes and other com-
pounds (Misra ¢t al 1968, Rosenberg el al 1968).  Altempts have also heen male
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to explam such change of conduction current on gas adsorption in terms of
physical mixing of original unperturbed semiconductor and the pertwbed (due
to gas adsorption) compound at the surface, resulting in so called compensation
elfeet (Ulbert 1970). A throo constant conductivity equation iuvolving change
in the pro-exponential {actor (o) has also been propused (Rosenberg ¢t al 1968)

We have undertaken a programme on the systematic mvestigations of the
conductive properties of various organic compounds m a sandwich cell on gas
adsorption at ddfferent vapour pressures using mtrogen as carrior gas. In this
puper we present our results on the conductive properties of 9-nitroanthra-
cene, adsorption and desorption kineties and vapour pressure dependence of the
somiconduction curtent in various ambient atmorpheres.

2 EXPERIMENTAL PROOCEDURE

Commercial 9-mutroanthracone was further purified by vepeatod reerystalliza-
tion wsimg puriied benzene.  Needle-shaped  yellow colowred crystals hiwmg
nelting point at 146"C were obtamed  Solvents of high purity were usdd to
study gas adsorption phenomenon  The compound in the form of fine potder
was pressed in a sandwich cell between a conducting glass and a stainless gteel
cloctrode  Separation betwoen the electrodes was mamtamed by 3 mil thick
teflon spacers A de¢ voltage of 225 volts was applied across the cell wluch
wad placed on a thermal bar platfloom m a suitably designed conductivity
chamber made of brass and fashioned with teflon  The temperatwre of the
sandwich cell could be controlled from outside  Gag inlet and outlol were also
provided for gas adsorption study. Temperature measuremcnts were made
using a copper-constantan thermocouple, attached at the top of the metal clec-
trode and a millivolt potentiomoter  All the conductivity measurements were
made in dry mtrogen atiosphere/vacuum with an clectrometer amplifier EA 814
of Eloctronics Corporation of India Limited To pass various vapows mside
the chamber, nitrogen was used as a carrior gas which was passed through the
bubbler kept at constunt temperature. Repeated hoating and cooling of the
sample 1n mtrogen atmosphere ensured desorption of adsorbed water, oxygen
or any other gas molecules prior to the experimental mm  Tempertature of the
sample was muntained constant at 27°C during adsorption studies at different
V4POUL Pressurck

3. REsuLTs

3.1  Conductivity of Y-nitroanthracene powder

The conductivity of powdered 9-mtroanthraconce studied m a sandwich
cell m the temperature range of 30°C to 103"C in dry nitrogen atmosphere follows
the operatioual conductivity relation for semiconductors .

= oy exp(—L[2kT") e (D
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as ghown in Ty :
«. 1 I high temperature 1ogon. o lugher value ol activation

onergy (ul , 2 ¢ . . N
gy (ahout 2 ¢V') is observed than that of low temperatue regon which s

abont 1- ¥ d
4 ov. Thus, the Jugh {fomperature rogron nught he attubuted to the
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g, 1. Conductivity sn a 9-mtroanthracene powder coll.
intrmsic rogion for this semiconductor  The specific conductivity () ab 27°0
and the pre-exponentiul factor (o) were found 1o be of the orda of 0-9031 %10~

0-lem=? and 7511 Q- lem™ rospectively.
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32 Gus ldsorplion Effect

The adsorption ol varous vapours, ¢ g . cauhon-detrachloride,  benzen,
ethyl acetate, methanol. ethanol and iso-propanol have been observed o have
a pronownced ¢lfeet on the enhancement. in the conductivity as shown m {able 1
The adsorption process is fast and eflwiently reversible The initial value of dark
current 1s reached quichly simply by flushimg tho chamber with by nitrogen,

This is shown in Fig, 2.
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I, 2. The change m dak cwrrent o 9-mtroanthracene powder coll with (¢} adsorption
s b 1 1
and (b) desorption of carbon-{eirachlovide vapowr al 324 oo vapow poressure

(rample kept at 27°C)
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33 Vapour Pressure Dependene

Moasuremoents were maule on the conduetivity vise af constant tempoeraturo
as a hmetion ol partial vapowr presswre of carbon-ted pachlorde inside the
chamber  The total gas mixtwre mside the chamber was at almosphetie prossuroe
and the partinl vapour pressure was {he vapouwr pressre ol {he chiemical used.
At gonstant flow and constant vapowr pressure the conductivity after wlsorption
a 4(m) Tollons the velation Misra et al 1968)

ma(m) = oy exp (am) @)

Whete o s @ constant and a1 is tho amoint of the vapowr adsorbed. me dopends
on the partial vapowr pressure ol the chenueal and ne tho iutial period, also

on the tmo of exposure. After sometime, however. an equilibvium s ontablished
e - - -

m(l)—QD) p.. ..o (B)
Q) is & tunetion of time A1 equilibrinm
my -~ Gy )]
where €y 15 another constant So. at cquiltbriun
Ay} — 7y oxp (@ QD) )

A plot ol log a4(mg) Vetsis vapour pressite () 1 expected to he lmear  Ow

experimental resudt m T 3 shows @ good agreomont with tlus  When small
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Tig. 3 Change m the dark current. of 9-nutroanthracene ])0“‘(](‘1' cell as o funebion

vapour pressue of earbon-lotrachloride,
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fraction of the swfaco is covered by gas molecules cquation (3) is expanded
from Langmuir’s adsorpition isotherm.

4. DIsCUSSION

4.1 Change in Semiconduction current

When the powdered semiconductor is exposed to some vapour, then the mole-
cules at the surface will he nfluenced much causing change in the conductivity.
If the rosultmg conductivity change is due to physical mixmg of the original
sermeonductor and the pertwbed semiconductor due to gas adsorption then,
a relationslup hetween the conductivity enhancement and the dielectric constant
of the chenueal vsed is expected. But our experimental results for conductivity
rise al the same vapour pressure as shown m table 1 do not suggest this. The
statie diolectric constants are m the ovder carbon-tetrachloride < benzene < ethiyl
acotate -< 180-propanol = ethanol << methanol which is not in agreement with
the semiconduction cwmrent enhancement  9-nitroanthracenc s an  clectrop
accoptor becawse of the presence of nitro-group chromophore  The adsorbod
molocule having clectron donatmg nature may form a weak (Di4°) charges
transler complex causing change m the conductivity.  Carbon-tetrachloride and
benzene both have approximately the same value ol static diclectric constant,
i, the conductivily enhuncement m benzene 15 about ten tumes than that of
carhon-tetrachloride, possibly due to the more electron donating natwe of
benzono than carbon-tetrachloride  Tndeed the enhancement of conductivity
shows a distinet inverso relationship with the ionigation energies of the adsorbed
gases.

Table 1  Rise m the dark current m a 9-mtroanthraceno powder cell duo to
adsorption of various vapours at the same vapour pressure of 50 mm.

Meonsured factor for
Vapour current rise
[o(stoady stato)/e(mtial)

Carbon-tetrachlorido 3
Methanol 6
Ethyl Acctate 3x10 -
Benzone “Ax10
Ethano! 12102

Iso-Propanol 92x10?
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4.2 Kinelics

"
The change m dark current m o O-ntroanthracene powde coll with adsorp-

tion and desorption of carbon-tet achlorde vapow at 324 mm \apour pressure

i shown m Fig 2 Adsorption kmeties follows Roginsky-Zeldovich equation

m a modified form (Misra ef al 1968, Kloy of af 1964) M was wssumed that there

1s an activation onergy associated with (he adsorption rate. wiieh meroasos
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Fig. {. Adsorption kunolies data plotted according Lo Rogmsky-Zeldovich squation
1g. 1. b
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linearly with, the amount of adsorbed gas  Thus, the rate of adsorption (dm/dt)

will ho

| oxp(—pm/k1")
where /s o constant.
Integrating (5), we get
Y
mt) =—ké log(t |-£y) - constunt
combiming (3a) and (6).
k'
P — log(t+-1,)+constant
pow

Now, exprossion (2) can be re-written as
log oq — xQ(t) p-+constant
Substitution for p [rom (7) m (8) results m

m

logo, = log(t | 1) | constant,

5)

(6)

(8),

O]

A Imear plot ol log os versus log (I-4-4,) is suggested and ow experimental
results m Mg 4 wre mogood agreement  Ditlerent slopes observed at dilferent

vapour pressures lov the same value of a shows the vapour pressure dependence

of fi. (Table 2)

Table2  Vapow pressure depeudence of the factor £ lor carbon-tetrachlorude

vapour adsorption kimeties

Vapour (Bl
Prossure (mm) (ev.)
324 4-074x 10-2
42-0 3 218 x 10~
567 2 468 X 10-2
73 1-907 x10-2
97-95 1-577 x 102

Owr experunental tesults indicate that the activation energy ascooiated

with the rate ol adsorption s not lincarly metcasmg with the amount ol the

aclsorbed vapour,
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