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Abstract: Presence of potassium chloride concentration in
aqueous solution is investigated using optical sensor. Optical
sensor is modeled by two dimensional optical nanostructure or
photonic crystal structure, which made from silicon materials
(background/ substrate) consists of 8x8 air holes containing
aqueous potassium chloride solution. Here measurement
techniques centered on logarithmic difference of photonic band
gap in regard to unlike concentrations of potassium chloride.
The photonic band gap is found by means of plane wave
expansion scheme. Proposed model is scheduled to quantify the
output voltages with respect to same concentrations.
Simulation result revealed that potential is measured at photo-
detector varies logarithmically with respect to potassium
chloride concentration, which leads to an accurate
measurement of potassium chloride concentration in aqueous
potassium chloride solution.

Index Terms: Optical nanostructure, Potassium-
chloride, Substrate, Concentration, Photo-detector

I. INTRODUCTION

Optical nanostructure or photonic crystals (PC) are
composed of periodic dielectric nanostructures which affect
the motion of photons in the same way as the periodicity of
semiconductor crystal affects the motion of electrons [1].
As this structure is a repeatedly sections of high and low
dielectric constant so the possibility of photons propagating
through this structure depends on wavelength. Wavelength
of a stream of photons which are allowed to travel is termed
as mode and similarly rejected bands of wavelength photons
are termed as band gap (BGp) [2]. Depending on dielectric
structure’s dimensions, varieties of photonic crystals are
constructed such as 1D, 2D and 3D [3]. We restricted this
paper to 2D Optical nanostructure. Insofar as review on
optical sensor using PC is concerned, Author in reference
[4] covenants with two dimensional PC structure for
investigation of Sugar, Salt and Alcohol, again in reference
[5] percentage of PAM hydrogel in an aqueous solution is
investigated. In the same way in reference [6], author
measures glycerol concentration in blood hemoglobin—
glycerol solution using three dimensional PC structure. Here
glycerol measurement is performed by considering 3x3 air
holes on substrate materials. But in the proposed work the
concentration of potassium chloride concentration is
investigated using two dimensional PC structure consisting
of 8x8 air holes on silicon substrate. To obtain such
concentration, such as a parameter, photonic band gap of
above-mentioned crystal structure plays an important role.
The BGp of two dimensional structure (PCS) can be
calculated by plane wave expansion (PWE) [7], Finite
difference time domain (FDTD) [8], Order ‘N’ spectral [9],
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KRR [10] etc. Among these schemes PWE gives more
precise result, because it offers an adequate information for
matching boundary conditions in interface problems [11].
So we use the PWE method to calculate the band structure
using Eigen values of the Maxwell’s equation, henceforth
solve Eigen frequencies for each of the propagation
direction of the wave vectors. Potassium chloride is a
natural compound in mineral, food and sea water which is
highly necessary for various body functions like treatment
of arterial hypertension [13]. Potassium is very important
because it stimulates the kidneys to remove poisonous body
wastes [14], for treatment of hypokalemia [15], treatment of
animal diseases [16] and manufacturing of fertilizers [17].
The projected work is organized through PWE, discussed in
section-2, simulation results along with discussions in
section-3 and conclusions narrated in section-4.

II. METHODOLOGY

The proposed structure for investigation of potassium
chloride concentration is a square type two dimensional PC
structure as shown in figure-1.
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Figure 1. 2D photonic crystal hole with radius 0.42 micrometer and lattice
constant | micro meter.

Figure-1 denotes a square lattice 2D photonic crystal
structure with silicon as substrate, on which 8x8 air holes
are etched. The radius of air holes is 0.4um with lattice
constant of 1pm. The BGp of material changes by dielectric
changes in air holes. Besides this, the same can be differs
with variation of hole radius, lattice spacing or both. During
the course of investigation, the light propagation in 2D
photonic structure along Z axis and radiation has TE, then
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the Helmoltz equation for the said field can be represented
by considering Maxwell’s equation as
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Here 7, is a 2D vector in XY plane.

For simulation the BGp is computed by using the equation-2
which is developed by simplifying the equation-1
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waves taken into account.
III. SIMULATION RESULTS ANALYSIS

Here band-gap of 2D photonic crystal structure plays an
important role to find out the densities of Potassium chloride
in potassium chloride solution. The photonic band-gap of
the proposed structure depends on structure types, material
background, air hole materials, air hole radius and air hole
numbers etc. Table-1 and Table-2 represent the complete
figures regarding dielectric constant changes with different
potassium chloride concentration [18].

TABLEI.
'VARIOUS INPUTS FOR BG, SIMULATION
STRUCTURE SQUARE LATTICE
Substrate Silicon
Air hole radius 0.40 micro meter
Lattice spacing 1.01 micro meter
TABLE IL
DIELECTRIC CONSTANT VERSUS % OF POTASSIUM CHLORIDE
% (gm/ml) KCl in solution Dielectric constant
2.51 1.8041
5.01 1.8242
7.01 1.8332
10.02 1.8461
16 1.8590
20 1.8730

Considering the information from Table-1 and Table-2, the
PWE scheme is followed for computation of BGp of two
dimensional structure having various potassium chloride
concentration. The simulation outcomes for the same sample
concentration of 2.5 gm/ml (dielectric constant is 1.804) and
20 gm/ml (dielectric constant is 1.873) are shown in figure
2(a) and 2(b).
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Figure 2(a) represents the analytical outcome for BGp of two
dimensional PC structure containing 2.5% of Potassium
chloride in an aqueous solution.
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Figure 2. (a). BGp simulation for 2.5 % potassium chloride concentration
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Figure.2 (b). BGp simulation for 20 % potassium chloride concentration

Figure 2(b) forecasts the effect of BGp of two dimensional
PC structure containing 20% of Potassium chloride in an
aqueous solution.

From figure 2(a) and 2(b), normalized frequency is shown
between arrow marks and also zoomed. The zoomed figure
is insert in each figure. Corresponding each normalized
frequency, photonic bandgap is determined. The
simulations are also done for other concentrations of
potassium chloride such as 5 gm/ml (dielectric constant is
1.824), 7 gm/ml (dielectric constant is 1.833), 10 gm/ml
(dielectric constant is 1.846), 16 gm/ml (dielectric constant
is 1.859), but these results are not shown here.

On analyzing above photonic band-gap results, it is
observed that BGp declines from 5.5 meV to 4.4 meV as
concentration of potassium chloride increases from 2.5
gm/ml to 20 gm/ml.

50 CVR College of Engineering



ISSN 2277 - 3916

Graph is plotted between the photonic band gap and a
different percentage Potassium chloride solution exposed in
figure-3.
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Figure 3. Photonic Band gap versus percentage of potassium chloride
solution

From figure 3, it is seen that there is a logarithm variation
between photonic band gap and concentration. Apart from
this, it is observed that the decreasing variation is well built-
in with logarithm trend line. This logarithm variation

(R2 =0.9593) of photonic band gap and concentration gives
sensing application for determining the potassium chloride
concentration by 2D PC structures. For experimental
measurement, Sodium  D-lines concentration  with
wavelength 589 nm is incident at one end of the crystal and
the potential is detected at other end. Experimental set up for
concentration measurement is shown in figure-4.
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Figure 4. Experimental set up for concentration measurement

In this figure, it is seen that potentials at photo detector are
determined with respect to concentration of potassium
chloride. Using these results (voltage), a graph is plotted
between potassium chloride concentrations along X-axis and
voltage in Y-axis which is shown in figure-5.

Form Figure-5 , it is found that potential decreases from
2.045 V to 2.0956 V as potassium chloride concentration
increases in the range of 2.5gm/ml to 20gm/ml. Reason for
increase of potential with respect to potassium chloride
concentartion is that reflectance (photonic bandgap)
decreases from 5.5 meV to 4.4 meV. Apart from this , it is
observed that the change of output voltage is an remarkably
trim with logarithim trendline (R?=0.985). This outstanding
logarithim deviation hints a precise measurement of
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potossium chloride concentration in aqueous potassium
chloride solution.
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Figure 5. Potential versus concentration of potassium chloride

IV. CONCLUSIONS

A Concentration of potassium chloride in their
aqueous solution is investigated by using two
dimensional ~ photonic  crystal  structures.  The
experimental set up is also presented to measure the
same concentration. It is found that both photonic band
gap of photonic crystal structure and potential at photo
detector varies logarithmically with respect to
concentration ~ of  potassium  chloride.  Since
measurement is carried out at optical frequency, this
method can be used for accurate sensing application.
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