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Abstract. The effect of concentration on ozone gas absorption cross section is reported.
HITRAN 2012 - the latest available line list on spectralcalc.com simulator was used in this study
to simulate ozone gas absorption cross section in relation to effect of varying ozone gas
concentration in the visible spectrum. Results obtained for a 50 cm gas cell shows that
transmittance vary continuously with concentration. However, ozone gas absorption cross section
value of 5.1055 X 1072°m?/molecule at wavelength 603 nm for concentration of 170 parts per
million by volume (ppm) and above remains constant. Comparison of the simulated ozone gas
absorption cross section with previous work show variation between 1.41 % and 2.44 %. The
results obtained show that ozone concentrations between 170 ppm and 1200 ppm has no effect on
ozone gas absorption cross section.

Keywords Absorption cross section; concentration; ozone gas; transmittance; visible
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1.0 INTRODUCTION

The relevance of ozone gas as well as the advantages of using optical absorption
spectroscopy to measure ozone gas have been previously emphasized by the authors [1,
2]. The importance of studying ozone gas absorption cross section has become important
because of inconsistencies and discrepancies in ozone absorption data as seen in
literature [3]. The work reported in this manuscript is an extension of previous work
published by the authors on window size filter effect on ozone gas absorption cross
section [4].

In previous study by the authors to investigate the effect of window size filter on
ozone gas absorption cross section; at given flow rates of oxygen and ozone gas, there
were fluctuations in the flow process which also resulted in varying of ozone gas
concentration at a given flow rate [4]. In addition, at certain concentration especially at
saturation points, it has been reported that Beer-Lambert law that governs the principle of
gas measurement with optical absorption spectroscopy suffers from nonlinearity [5-7].
Thus, this emphasizes the possible effect of ozone concentration on ozone absorption
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cross section. Hence, it has become obvious to examine the effect of concentration
variation on ozone gas absorption cross section.

2.0 SIMULATION SOFTWARE AND METHODOLOGY

Fixed parameters Manipulative parameters Simulation output

* Waveband 601.02 nm ~ + Concentration: 10 to ' « Transmittance at
t0 604.02 nm 1200 ppm 603.010570257265
* Length of gas cell 50 * Temperature: 297 K to nm
cm 303K
* Pressure 1 atmosphere

* Gas type, ozone

* Isotopologue, all

* Line list, HITRAN
2012

Figure 1 Spectralcalc.com simulation methodology and parameters

Spectralcalc.com is an online simulator for high resolution spectral modelling.
HITRAN 2012 - the latest available line list on spectralcalc.com simulator was used in
this study to simulate ozone gas absorption cross section in relation to effect of varying
ozone gas concentration in the visible spectrum. Range of ozone gas concentration
between 10 parts per million by volume (ppm) to 1200 ppm were investigated at
different temperatures between 297 K and 303 K. The fixed parameters as shown in
Figure 1 include: length of gas cell, 50 cm. Wavelength range of 601.02 nm to 604.02
nm and pressure of one (1) atmosphere. Ozone gas was selected as the gas of choice and
all isotopologue of ozone gas were considered. The output from the simulator is
transmittance at wavelength 603 nm (actual value is 603.0105702572658nm). In the
visible spectrum, ozone gas has highest peak absorption at wavelength 603 nm [8, 9].

3.0 RESULTS AND DISCUSSION

Figure 2a and Figure 2b shows the effect of increase in temperature and increase
in ozone concentration on transmittance. Increase in temperature resulted in increase in
transmittance. The effect of temperature on transmittance increases along with increase
in ozone gas concentration. From 297 K to 303 K, the rise is 0.00012 % (for 10 ppm
concentration) and 0.01499% (for 1200 ppm concentration). On the other hand, light
transmittance generally decreases along with increase in ozone gas concentration which
is in good agreement with Beer-Lambert law [10]. There was an average decrease of
0.75% in transmittance from 10 ppm to 1200 ppm for each temperature considered. This
is shown in Table 1.
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Figure 2a Graph of transmittance versus concentration for temperature 297 K to 303 K

Ozone gas absorption cross section and deviation were computed using equation
1 and equation 2 earlier described by the authors in their previous publications [4, 11].

6
o= — — 2R Ty nT (1)

C(ppm)XNAXPXL

where:

¢ppm = Ozone concentration in ppm

R = Ideal gas constant (atm m” mol”' K™)

T,, = temperature (K)

o = Absorption cross section (m?/molecules)
N,4 = Avogadro’s constant ((molecule /mol))

P = pressure in atmosphere (atm)

L = Optical path length (m)

T = Transmittance

T % 100% )

Ow

where:
o = ozone absorption cross section of previous work at wavelength 603 nm
o,, = 0zone absorption cross sectionof this simulation at wavelength 603 nm
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Figure 2b Zoom-in effect of transmittance versus concentration for temperature 297 K to 303 K

Table 1. Transmittance variation with temperature and ozone concentration

Temperature (K) 297 298 299 300
Concentration
10 (ppm)  0.9999369 0.9999371 0.9999373 0.9999376
1200 (ppm)  0.9924591 0.9924843 0.9925094  0.9925342
Temperature (K) 301 302 303
Concentration
10 (ppm)  0.9999378 0.9999380  0.9999382
1200 (ppm)  0.9925589 0.9925835 0.9926079

Figure 3 and Figure 4 show the effect of varying ozone gas concentration on
ozone absorption cross section. Both figures show the effects at different temperatures
are overlapping. There was a rise in ozone gas absorption cross section from
concentration 10 ppm to a maximum and a sudden fall to a constant level. The sudden
rise and fall is below concentration 160 ppm for temperature range between 297 K and
299 K; and below concentration 170 ppm for temperature range between 300 K and 303
K. Sensitivity of sensors for ozone measurement in visible spectrum is lower as
compared to the ultraviolet spectrum [9, 12, 13]. This has been attributed to lower
absorption cross section in the visible spectrum[12]. Ozone measurement in the visible
spectrum has thus been recommended for high concentration industrial applications [9].
From the results obtained in this study, effect of concentration variation on absorption
cross section is negligible for 170 ppm concentration and above.



Proceedings of 4" International Science Postgraduate Conference 2016 (ISPC2016)
© Faculty of Science, Universiti Teknologi Malaysia

5.108 3 T T 3 T

297K
298K
510751 — 299Ky

5107 i

2

Absorption cross section (m/molecule)

5.1065

T

5106 q

X: 160
Y:5.105e-25

51055

5.105

r r r r r
0 200 400 600 800 1000 1200
Concentration (ppm)

Figure 3 Simulated absorption cross section for temperature 297 K to 299 K

Absorption cross section for all temperature considered at concentration 10 ppm
is averaged at 5.1057 x 1072°m?/molecule. Approximately 5.1080 x 102°m?/
molecule absorption cross section is observed at the maximum point. At constant level,
average of  5.1055 x 1072m?/molecule absorption cross section is observed.
Percentage deviation of these values of absorption cross section from 5.18 X
10~2m?/molecule at 603 nm [9, 14]; is in the range of 1.41% (at the maximum points)
to 1.46% (at the points where the absorption cross section is constant). The difference is
0.05%. Similarly, comparison with 5.23 X 10~2°m?/molecule at 603nm [8], range of
deviation in percentage is from 2.39% (at the maximum points) to 2.44% (at the points
where the absorption cross section is constant). This also yields difference of 0.05%.
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Figure 4 Simulated absorption cross section for 300 K to 303 K
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4.0 CONCLUSION

In this manuscript, we have reported the investigation on effect of varying
concentration on transmittance and absorption cross section of ozone at different
temperatures. For temperature range from 297 K to 303 K, there was increase in
transmittance of 0.00012 % (for 10 ppm concentration) to 0.01499% (for 1200 ppm
concentration). There was an average decrease of 0.75% in transmittance from 10 ppm to
1200 ppm concentration at constant temperature. The percentage difference between
ozone gas absorption cross section of 5.1080 X 1072°m?/molecule (at maximum
points) and 5.1055 X 1072°m?/molecule (where absorption cross section becomes
constant) is 0.05%. In comparison to previous work, the ozone gas absorption cross
section deviation in percentage is between 1.41% and 2.44%. From the results obtained
in this study, effect of concentration variation on absorption cross section is negligible
for concentration 170 ppm and above. Outcome of the study show that there is no
variation in absorption cross section for range of concentration between 170 ppm and
1200 ppm. For research activities in the visible spectrum on absorption cross section in
the future; variation that could arise from concentration variation can be avoided by
considering concentrations above 170 ppm. It is recommended that the results obtained
be further verified with experiments.
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