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Abstract— The use of optical retro-reflectors in improving the
sensitivity of an optical sensor base on optical absorption
spectroscopy for the measurement of ozone gas to increase
optical path length is presented in this article. Two optical retro-
reflectors were employed in the design of a 20cm absorption gas
cell. Our analysis shows that, in the 20cm gas cell we can achieve
a sensitivity value of 0.0681ppm. However these sensitivity values
are dependent on the optical density of the sensor. In addition the
20 cm gas cell has a better potential for a faster sensor response
time. Also, at 253.7nm, ozone can be detected with minimal
interference in the presence of CO, and SO,.

Index Terms — Monitoring, Optical path length, Optical recto-
reflectors, Ozone, Selectivity, Sensitivity.

1. INTRODUCTION

NCREASINGLY, more research activities have been

devoted towards the sensing and monitoring of gases that

constitute hazard to the wellbeing of humanity [1]. Ozone,
though a toxic gas has a wide range of industrial applications;
however, exposure to unsafe level of ozone is associated with
inherent health dangers such as allergy, - asthma, breathing
difficulty, inflammations, premature ageing of the lungs, and
irritations in the human body; and as a bye product of the
drying process in a printing press it can result to cancer and
heart and blood related diseases, [2, 3, 4, 5, 6].

The monitoring of ozone using optical absorption
spectroscopy has been in use and is widely accepted [7].
Ozone has peak absorption at 253.7nm and 603nm [8]. The
working principle of gas cells of the optical gas sensor is
based on Beer Lamberts law which states that if radiation of
intensity /, is directed at an analyte of path length L, radiation
of intensity /; leaves the analyte [9]. It mathematically stated
as:

Iy = I,()108EPDLE 110, 11] (1)

Where,
* ¢ = the decadic molar absorption coefficient of the
sample being measured
* ¢ =the concentration of the sample.
By increasing € and/or L the absorption sensor can be very
sensitive [10].
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II. PROBLEM STATEMENT

Ozone sensing has become increasingly important because of
ozone application in many industrial processes, its
concentration variations and the health hazards associated with
the exposure to unsafe quantity of ozone gas. Ozone sensing
with spectroscopic methods witness a great revolution with the
advent of fiber optics; however sensor sensitivity, selectivity
and response time has remain trio challenges. In recent times
retro reflectors has been employed to increase path length of
light which in turn increases sensitivity and yet there is still
the need to improve on the measured sensitivity and sensor
response time.

[II. METHODOLOGY

The Sensitivity (S,) of a Sensor is the smallest amount of
analyte concentration which it is built to measure that it can
measure.

Referring to (1), we make C the subject of the equation as
shown below:
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Where D is the optical density
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From (2),
Increasing the value of €(t,p,A); and/or
Increasing the value of L;
Reduces the value of C and these results in the increase of
Sensor sensitivity (Sy).
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Fig. 1: Research Methodology

Selectivity (Sp) of a sensor is its ability to discern a certain
gas from others [12]. The overlapping spectrum comparison
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method for interference study is adopted for this study [13].
Spectrums for Oz, CO, and SO, obtained from MPI-Mainz-
UV-VIS Spectral Atlas of Gaseous Molecules [13] are
compared at room temperature.

The response time of a sensor is a function of the velocity
or rate of diffusion of gas, density of gas, length and volume
of gas cell, operating temperature and pressure and other
related factors. Hence the reasons for reducing the length of
gas cell from 40cm to 30cm and to 20cm [14].

IV. NEW SENSOR DESIGN

Our proposed sensor design is based purely on the light
propagation principle in an optical retro-reflector. An optical
retro-reflector has three internal surfaces; light incident at 90°
is reflected by the three surfaces and reflected light returns
parallel to the incident light [15]. Our gas cell aligns two
retro-reflectors. The complete experimental set up is
illustrated in fig. 2.
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Fig. 2: Proposed ozone gas cell with two optical recto-reflectors

V. ANALYTICAL RESULTS

In the analysis below, Fig.3 is when the optical densities of-
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Fig. 3: Analyte concentrations with equal values of optical densities.
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Fig. 4: Analyte concentrations with D of the proposed gas cell half the D of [12].

- our proposed gas cell and that of [16] are both equal. Fig. 4 and Fig.
5 are when the optical density of our proposed gas cell is half and
twice the value of that of [16] respectively.
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Fig. 5: Analyte concentrations with D of the proposed gas cell twice the D of [12].

VI. CONCLUSION

Using N-numbers of optical retro-reflectors the optical path length
of an optical gas sensor can be greatly increased thus increasing
sensitivity. With two retro-reflectors in a 20cm gas cell as compared
with one retro-reflector in a 40cm gas cell, sensitivity of a gas sensor
can be increased to 0.068 1ppm. However this depends on the optical
density of the sensor. The 20 cm gas cell has the potential for faster
sensor response time. 235 nm is suggested to enhance selective ozone
masurements at the UV spectrum.
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