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ABSTRACT
Ammonia gas is released in excess in human body under certain diseased conditions. In this work,
highly sensitive, quantitative, optical ammonia gas sensor is presented, which can detect less than 10ppm of

the gas.
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INTRODUCTION

Ammonia gas sensing has now a days gained much attention due to its use in detecting human
infections such as urinary track infections, pulmonary infections, etc [1]. The diseased person releases more
amount of ammonia, (breaking of protein molecule) which remains unused and carried by the blood. It is
circulated in all the parts of body including brain. Under extreme conditions it badly affects functions of brain
leading to loss of memory and finally, death. Thus, reliable and quantitative detection of ammonia is a useful
tool in preventing the occurrence of extreme diseased conditions. Detection of the extracellular ammonia at
sites of pulmonary infection at an initial stage and its continuous monitoring by optical technique can save a
patient’s life.

In the present work, it is shown that, using mesoporous silica coated single mode silica nanowire
guantification of respiratory ammonia can be done which will be useful in early detection of the respiratory
infections. Mesoporous silica is found to be a good adsorbent for ammonia gas. Its 60-80nm smooth thin films
having refractive indices around 1.39.1.43 and having highly ordered porous structures and controllable
morphologies have been obtained on cylindrical surfaces such as carbon nanotubes and fibres [2]-[4].
Ammonia gas gets chemisorbed as well as physisorbed on the mesoporous silica [5]-[6]. Room temperature
adsorption of ammonia on its surface has been reported[7]. Ammonia gas gets selectively adsorbed on its
surface and the adsorption is reversible.

In the present work, miniature ammonia gas sensor is proposed. The sensor is constructed by using
Mach-Zehnder interferometer (MZI) employing mesoporous silica coated silica nanowire. The coating adsorbs
ammonia gas, which changes its refractive index. MZI is simulated for finding the level of ammonia gas
detection. MZI is simulated for various diameters, in which phase difference, sensitivity, detection limit,
minimum required sensing lengths, suitable diameters etc. are found.

THE SENSOR

Present sensor employees usual Mach-Zehnder interferometer (MZI) having single mode silica
nanowire in its two arms. Both the nanowires are coated with mesoporous silica so as to maintain same initial
phase condition before exposure in both the arms. A small region of the sensing arm is left uncovered for its
exposure to ammonia gas. The refractive index profile in both the arms before exposure is: central silica core
has refractive index of 1.4468, 50nm thick mesoporous silica film having a refractive index of 1.40 at a
wavelength of 1.55um, and air as infinite medium outside. After exposure, the refractive index of mesoporous
silica increases due to ammonia gas adsorption.

SIMULATIONS

Let the refractive index of mesoporous silica after exposure changes to 1.41, which corresponds to
10% of filling of pores of adsorbed ammonia gas. Before and after exposure, the sensing region exhibits three
layers tightly guiding waveguide structure having successively decreasing refractive index profile. The field
equations having the Bessel functions as ‘)’ in the core region, a combination of ‘I’ and ‘K’, in layer region and
‘K’ in the cladding region are written. Considering the Ez, Hz and Eg, Hy field continuities at each boundary, 8 x
8 matrix is built. The determinant of the matrix equals to zero is solved for finding propagation constant (B).

RESULTS AND DISCUSSION

The phase difference (A®) in the two arms of MZI, which is equal to ABxL, where AB is the difference
in propagation constants in its two arms after exposure, is calculated and plotted as shown in Fig. 1.
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Figure 1: Phase difference in the two arms of Mach-Zehnder interferometer

It is observed from Fig. 1 that with small sensing lengths, appreciable phase difference between the
two arms of MZI is obtained, which is high as compared to the detection limit of MZI, which is 2x107x [8].

Phase sensitivity (Spnase) is calculated by expression (1) and plotted as shown in Fig.2.

d(A
phase =%% (1)

In expression (1), d(A®) is the small variation in phase difference arising due to the small variation in
refractive index (dn.) which is considered to be from 1.40 to 1.401, i.e. 0.001.
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Figure 2: Phase sensitivity

It is observed from Fig.2 that the sensitivity values for various nanowire diameters fall in the range of
0.07um'1 to 0.35um'1. The sensitivity is found to be high and almost independent of diameter for 600nm-
1000nm diameters. It is also found that the sensing length of 18um is sufficient to produce phase difference
equal to the detection limit of MZI. Also, the measurable refractive index over a sensing length of 1mm is
found to be of the order of 10”. With a gas pressure of about 3600ppm, there is 10% of gas adsorption in a
coating material, which corresponds to the refractive index variation of about 0.017 of the coating [8]. If this
data is compared with the present case, then with the measurable refractive index of 10” as per the present
case, less than 10ppm of gas pressure will be is measurable using this sensor. Thus, over a sensing length of
few micrometers, it is possible to detect less than 10ppm of ammonia gas pressure, which corresponds to
release of ammonia in the respiratory diseases. Thus present sensor shows endoscopic application due to
miniature size and is capable of early detection of the harmful diseases.

CONCLUSION

Present sensor is the miniature ammonia gas sensor, useful for endoscopic applications. It can detect
ammonia gas concentration, as low as less than 10ppm. Middle range of diameters is suitable for constructing
the sensor since sensitivity is almost independent of these diameters.
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