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Atmospheric ozone is known to possess mass-inde-
pendent isotopic enrichment in both 80 and "0 (rela-
tive to ambient oxygen) and at the ground level it
exhibits high regional variability, which is reflected
through the different slope values in the three-isotope
plot and is believed to be controlled by transport and
chemical transformation processes. The fractionation
factors associated with these processes are essential to
model the observed distribution of isotopic composi-
tion. We show here that one of the important in situ
ozone destruction processes, i.e. reaction with nitric
oxide (NO), proceeds in a mass-dependent way with
an instantaneous fractionation factor of 30.5%o.

THE isotopic composition of atmospheric ozone is found
to be isotopically anomalous; it is enriched in both ‘%0
and 70 (with respect to atmospheric oxygen) and their
relative enrichment does not obey the conventional mass-
dependent fractionation relationship &'0=052 8%0).
The enrichments in stratospheric ozone are very high'™
and it increases with increase in altitude following a
slope value of 0.62 in a three-isotope plot (A870 vs
AS®0) (ref. 4). Unlike stratosphere, tropospheric ozone
is not well constrained. The tropospheric ozone meas-
urements were reported by Krankowsky et al.” and Johns-
ton and Thiemens®, which show that the tropospheric
ozone possesses relatively lower enrichments compared
to that of stratosphere. Interestingly, measurement of
Johnston and Thiemens® reflects the regional variation of
isotopic composition. They sampled ozone from three
different environments (two urban and one remote loca-
tions) and found that the enrichment in 'O for the three
environments are comparable (La Jolla: 823 +6.7; Pasa-
dena: 86.1 £5.6; White Sand Missile Range (WSMR}):
89.7+4.3) but having large variations in 'O enrichment
within rural and urban environments (La Jolla: 69.1 *
6.5; Pasadena: 66.0t3.3; WSMR: 78.0t5.4), which is
reflected in the slope values in a three-isotope plot (La
Jolla: 0.72; Pasadena: 0.54; WSMR: 1.1) for the three re-
gions (see figure 5 of ref. 6). In addition to the observed
regional variation, large range of values for 80 (27%o)
and 870 (46%0) were also observed for a particular loca-
tion due to seasonal variation®. Though some of the differ-
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ences in isotopic signatures of stratospheric and troposphere
ozone can be explained in terms of temperature and pres-
sure dependence of the O + O, recombination reaction’”®,
many features still remain unaccounted for.

The tropospheric ozone has two major sources: (1)
transport from stratosphere, and (2) in situ photochemical
production. These two are balanced by two major decom-
positional pathways, (1) decomposition on the Earth’s
surface and (2) chemical destruction. Operation of these
processes in differential temporal and spatial scales
makes the tropospheric ozone budget complex. Each of
the sources and sink processes have the potential to con-
trol the enrichment value of a region, nevertheless, all
these processes may not have the potential to vary the
slope values to any large extent. Among the two source
processes, the transported component would only reflect
the stratospheric composition and the in sifu production
would reflect nearly a slope of unityg, therefore, the obser-
ved variation in the slope values (sometimes close to the
mass dependent slope of 0.52) might only be explained
through the sink processes. Among the two sink pro-
cesses; destruction at the Earth surface is very difficult to
estimate. There is only one recent study, which shows
dissociation of ozone on a glass or a quartz surface pro-
ceeds in a mass-independent wayg. The other sink pro-
cesses, i.e. in-situ chemical destruction may be of interest
in this respect. The chemical chain reactions, which
comes under this group can be represented simplistically
by the pair of reactions

X+03 > X0+0,
XO0+0 > X+0,
O+ 03> 0+ 0. (R1)
Several species have been suggested for the catalytic ‘X’
in the atmosphere. The most important of these are X =
NO, Cl, Br, and possibly iodine. Moreover, among this
group, NO is one of the major species contributing signi-
ficantly particularly in the stratosphere10 and in polluted
urban areas'’ through the reaction,

03 + NO — NO, + 05. (R2)

The ambient NO, mixing ratio varies significantly in the
above three-mentioned sample locations. The NO, con-
centrations in WSMR is quite low about <1 ppbv and at
La Jolla the concentration is highly variable with a mean
value of 11+ 15ppbv. At Pasadena, the NO, concentra-
tion is consistently high with an average of 55+ 12 ppbv
(ref. 6). Unfortunately, there is no direct correlation obser-
ved between the ozone and NO, concentration®. At the
same time it is evident from the data that with the increa-
sing NO, concentration, the slope value decreases.

In this context, it is important to evaluate the relative
role of R2 in the isotopic fractionation in ozone as well
as the associated fractionation factor of this reaction to
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decipher the variation in the slope values observed at dif-
ferent tropospheric environments. In this communication,
we have determined the associated fractionation factor of
the above reaction and the possible implications for tro-
pospheric and stratospheric ozone are discussed.

The experiment initiates with the production of ozone
via electrical (Tesla) discharge from an isotopically char-
acterized O, gas (ultra high purity Matheson gas, UPHO
hereafter) in a 85 cm’ glass chamber at a pressure of
28 mbar. The formed ozone was continuously condensed
at the bottom of the chamber with liquid nitrogen. At the
end of the conversion process, the unreacted oxygen was
pumped out. It was estimated that approximately 98% of
initial oxygen gets converted to ozone. This process was
repeated a number of times to ascertain the isotopic com-
position (5180270.5%0 and 870=-0.6%0 with respect
to UPHO) and amount of (~67 umol) of product ozone.
Following ozone formation an aliquot of purified NO
(9.2 umol) was admitted into the chamber with O3/NO
ratio of about 7. The chamber was warmed to room tem-
perature initiating the Oz +NO reaction. After sufficient
time (~20 min), ensuring significant reaction extent, the
chamber was frozen in liquid nitrogen and the non-con-
densable component, O, were separated from unreacted
NO, product NO,, and left-over ozone. Subsequently,
ozone was separated from NO and NO, mixture using
—110°C slush. The oxygen and ozone were collected on a
molecular sieve at liquid nitrogen temperature. Ozone
was decomposed to oxygen by repeated freezing and
thawing in the molecular sieve. The oxygen and ozone
(as oxygen) pressures were measured by a Baratron ca-
pacitance manometer and their amounts were estimated.
The oxygen and ozone (as oxygen) isotopic ratios were
determined by using a Finnigan MAT 251 isotope ratio
mass spectrometer with analytical uncertainties of *0.1
and *0.2%o for 8%0 and 870 respectively (all the meas-
urements are carried out with respect to UPHO as machine
standard). The experimental procedure was repeated,
with various O3/NO ratios ranging from >7 to about 7 in
four other experiments.

The result shows that the dissociation of ozone through
NO enriches the left-over ozone (with respect to initial
ozone) in a mass-dependent way with a slope value of
0.52+0.001 (Figure 1). The extent of enrichment increa-
ses with the decrease in O3/NO as expected and attains a
value of A8*0=96.6%0 at a ratio of 1.8. Consequently,
the product oxygen gets depleted (following a similar
slope value as that of ozone). Since the isotopic composi-
tion of other species were not measured, the isotopic
mass-balance was not possible to check.

In order to determine the fractionation factor ot we
assume a Rayleigh model of the form R:Rof((xfl),
where Ry and R are the respective initial and final B0/0
ratios of ozone and f'is the fraction of ozone left after the
reaction. Rewriting the Rayleigh equation in Snotation

. 12
we obtain ,
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In(1 + 0.001%&) =1n(1 + 0.001*&) + (ot— Din f, (R3)
where & and Sare the initial and final %0 respectively.
Figure 2 shows the correlation diagram between Aln(l +
0.001*y (e. In(l1+0.001*—1In(1 +0.001*&)) and Inf
The slope of this line was used to calculate the fractiona-
tion factor, and found to be o= 1.0305, implying a single
stage fractionation of 30.5%e.
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Figure 1. The three-isotope plot for the left-over ozone showing

NO + O; reaction proceeds in a mass-dependent way (slope =0.52 &
0.1) enriching the left-over ozone compared to the initial ozone. The
extent of reaction increases with the decrease of O3;/NO ratio and
hence, the enrichment in left-over ozone increases (as described in the
text).
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Figure 2. Correlation plot between Aln(1 +0.001*& and In( /) (the
symbols are explained in the text) following a Rayleigh model to
calculate the fractionation factor () associated with NO + Oj; reaction.
From the slope value of the best fit line of this correlation diagram, the
calculated otcomes out to be 1.0305 (or 30.5%o).
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It is known that with the decrease of NO concentration
from 50 to 1ppbv, the lifetime of ozone increases from
42's to 30 min®. Therefore, the recycling of ozone through
NO is far more efficient for Pasadena compared to WSMR.
Coupling of the above fact with this experimental finding
(i.e. mass-dependent fractionation with large fractiona-
tion factor) leads us to conclude that more the recycling
of ozone through NO, more is the enrichment (in 8 8O)
and less is the slope from its expected value (from
0O+ 0O, recombination reaction) of unity. Hence, the
slope values observed in the three environments were
consistent with the NO, concentrations of these three
sampling locations. Though large enrichment variations
in 'O were not observed consistent with their corres-
ponding slope values, that can be interpreted as effect of
other source process controlling the enrichment as descri-
bed earlier. Moreover, this fractionation factor may be a
useful parameter for the mathematical modelling to cons-
truct the isotopic budget of tropospheric ozone.

It was recently proposed by Bhattacharya er al.”” that
dissociation of ozone plays a significant role over the
above temperature effect'® in deciding the isotopic enri-
chment in stratospheric ozone. Moreover, the observed
slope (A870/A8%0) in lower stratosphere (up to 33 km)
is 0.62* instead of what was expected from O+O, re-
combination reaction (nearly unity). Additionally, it is
also known that the observed stratospheric ozone concen-
tration is half of that calculated from Chapman’s cycle
and is attributed to the catalytic destruction cycle. There-
fore, the NO + O3 reaction can be considered as a repre-
sentative reaction for the catalytic cycles active in
destroying ozone and hence, both the lowering of slope
value as well as the increase in enrichment with altitu-
dinal in stratospheric ozone can be accounted.

The NO + 05 sink reaction follows a mass-dependent
path with a significantly large associated fractionation
factor (o=1.0305, or 30.5%) enriching the left-over
ozone. This can be used as an important parameter to
model the tropospheric ozone budget. This reaction has
the potential to control the relative variations of oxygen
isotopic enrichments in ozone at different tropospheric
environments. Additionally, this reaction can be used as a
representative reaction for catalytic cycles to explain the
observed slope value and the altitudinal variation of en-
richment in stratospheric ozone.
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Influence of methyl jasmonate and
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capsaicin production in cell suspension
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The cell suspension cultures of Capsicum frutescens
were treated with two signalling compounds, salicylic
acid (SA) and methyl jasmonate (MeJA), individually,
and in combination. SA and MeJA were found to
individually enhance capsaicin production, but when
administered in combination there was no further
enhancement in capsaicin production. Both the signal-
ling compounds were also found to result in higher
leaching of capsaicin into the medium. The endogenous
polyamine (PA) levels were higher in the treatments
with SA and lower in the treatments with MeJA. The
endogenous PA levels were found to be the highest on
the sixth day of culture, after which the ethylene levels
were found to increase. Maximum ethylene produc-
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