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Abstract

Non-touch detection of rhodamine B concentration in
distilled water using fiber coupler and concave mirror
(CM) successfully demonstrated. Based on displacement
sensor, the concentration of rhodamine B is detected
through the peak voltage value which is resulted from
the displacement profile. Using the He-Ne (543 nm) laser
as the source, the fiber coupler as the sensor probe and
CM with the curvature radius of 12 mm as the reflector
as well as the sample container, the rhodamine B concen-
tration can be detected in the range 0-20 ppm and the
resolution of 0.26 ppm.
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1 | INTRODUCTION

The development of refractive index and substance concen-
tration sensor has been done with wvarious methods and
configurations. Reflection method using mirror (flat or
concave) has been used to detect the refractive index of
the quuid,I calcium L‘Unccnlralion,2 sodium L‘hl()ridt:,3
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glucose,*® rhodamine B,® and magnesium’ using fiber
bundle'™ or fiber coupler’ ™ as the sensor probe. The work-
ing mechanism of the refractive index and substance concen-
tration sensor is based on displacement sensor, that is, by
shifting the sensor probe against the mirror with the solution
being made as a medium between sensor probe and mirror.
The detection of the refractive index and substance concen-
tration is conducted through the peak voltage value" 467 or
maximum voltage5 of optical detector resulted from the shift
of the sensor probe to the mirror. Side-emitting technique is
successfully applied to detect the refractive index of chlori-
nated water® and the concentration of uric acid” using
microbend and tapered fiber optic as sensor probe, respec-
tively. The detection mechanism is carried out through
changes in light intensity guided in microbend or tapered
fiber optic due to changes in the refractive index or the con-
tent of the solution on the side of microbend or tapered fiber
optic. For the detection method of the sensor using reflection
technique and side-emitting, the working principle utilizes
refraction,'>*? absorption,® or refraction as well as absorp-
tion’ of light due to interaction with the solution. Another
method has been developed based on surface plasmon reso-
nance (SPR) using silver-coated fiber optic'" and Nano com-
posite of ZnO-polypyrrol'" as a sensor probe, each capable
of detecting the concentration of uric acid and manganese
ions. The detection mechanism of the substance concentra-
tion is carried out through the wavelength spectrum of the
sensor probe interaction results with the sample.

The working mechanism of the refractive index and sub-
stance concentration sensor requires that the sensor probe to
be immersed to the sample solution. Direct contact between
the sensor probe and the solution required cleaning up proce-
dure due to remnants of the adhesive solution on the sensor
probe which will disturb sensor performance when it will be
used again. It becomes problematic if the detected solution
is difficult to clean from the sensor probe and thus requires a
new probe. In this paper, we propose the rhodamine B con-
centration sensor in distilled water using a fiber coupler as a
probe sensor with concave mirror (CM) as a reflector as well
as a sample container. Based on displacement sensor, the
detection mechanism does not need direct contact (non-
touch) between sensor probes and samples. With non-touch
mechanism, the proposed sensor is suitable for rhodamine B
solutions or other solutions that are difficult to clean from
the sensor probe.
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(A) The design of the rhodamine B concentration sensor using a fiber coupler with CM as the reflector as well as the sample

container and (B) an alternate light propagation illustration between the CM sample-port sensing [Color figure can be viewed at

wileyonlinelibrary.com]

2 | SENSOR WORK MECHANISM
Figure 1A shows the design of rhodamine B concentration
sensor in distilled water using fiber coupler as sensor probe
and CM as reflector as well as sample container. Volume of
sample (rhodamine B solution) used is small, which is
almost twice the volume of CM and structure resembles a
convex lens. Therefore, the detected solution must be menis-
cus (the cohesion force is greater than the adhesion force) in
order not to spill from the sample container.

The laser light trajectory in our set-up is as follows, after
laser light enters the input port of the fiber coupler (P;,) in
Figure 1A, half of it is passed by the sensing port (P,)
through the sample to the CM. In this case, the sensing port
of the fiber coupler serves as the sensor probe. The reflected
light from CM once again penetrates the solution and some
will return to the sensing port (P;,). Half of the light intensity
that enters back to the sensing port will be forwarded to the
optical detector through the detection port (P,). The intensity
of light entering the optical detector is read in the form of
the output voltage of the detector. If there is no sample, the
sensor probe shift against CM (d) will result in a peak volt-
age when the probe position of the sensor is around the cur-
vature radius of CM.® Peak voltage is a form of maximum
intensity that occurs due to the reflected light from CM in
curvature radius where the sensor probe is located. If the
position of the sensor probe against the CM surface when
producing a peak voltage without solution is called d,, and if
there is a solution called &,’, then the presence of a solution
such as a convex lens on the surface of the CM will make
the d,,’ value smaller than d,. This is shown in Figure 1B
which illustrates the light trajectory of the sensor probe-sam-
ple-CM-sample probe-sensor probe with the probe sensor
position located at the curvature radius of CM. Light comes
into the sample (black line), partially reflected by the sample
surface (blue line) and partly refracted by the sample to the
CM surface. The reflected light from the CM will be

refracted by the sample to the sensor probe. The trajectory of
light representing in and out of the sample is illustrated by a
red line.

The sensor working mechanism is based on the displace-
ment sensor. The shift of the sensor probe to the reference
point near the sample surface (D) will produce a peak volt-
age (V,,). Since the rhodamine B solution absorbs the source
light used (wavelength of 543 nm) and the rhodamine B
concentration change in the order of tens of ppm does not
alter its refractive index value.® the detection mechanism
uses the absorption principle and change in the concentration
of rhodamine B will change the V), value. On the other hand,
the light intensity reflected by the surface of the rhodamine
B solution that reentered the sensor probe did not change
(Fresnel reflection principle). The volume of the rhodamine
B solution was made almost twice the CM volume so that
the optical path in the sample is longer. This will result in
the higher light absorption and greater sensor sensitivity.

3 | EXPERIMENT

The schematic experimental setup for the sensor of rhoda-
mine B concentration is shown in Figure 2. It consists of a
laser He-Ne (with wavelength 543 nm and maximum power
of 5 mW) as a light source, fiber coupler used multimode
structured 2 x 2 made of plastic (1 mm diameter fiber and
2.2 mm with jacket, 1 m length, 50/50 split ratio, 3.7-5.6 dB
insertion loss, and 1.6 dB excess loss), a silicon photo detec-
tor as an optical detector with a digital voltmeter to read the
detector output voltage. XYZ stage with a displacement res-
olution of 10 pm and range of 25 mm is used to shift the
probe sensor. CM is used in this research as reflector as well
as a sample container consisting of two types, namely
CMR9 with curvature radius and diameter of 9 mm (volume
CM 39 pl) and CMRI12 with curvature radius and diameter
of 12 mm (volume CM 92 pul). Two micropipettes (size
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FIGURE 2 Experimental set-up of sensor of thodamine B
concentration using fiber coupler and CM

10-100 pl and 100-1000 pl) were used to measure the vol-
ume and place the sample on the container. Rhodamine B
solution with distilled water solvent as sample in our experi-
ment had a concentration of 0-20 ppm with variation
of 2 ppm.

The first step of experiment is to characterize the absorp-
tion spectrum of rhodamine B solution using a UV-Vis spec-
trophotometer and measuring the refractive index of each
sample of rthodamine B using the Abbe Refractometer. After
ensuring that the absorption properties of the rthodamine B
solution suitable for sensor using absorption principle, the
experiment was continued by placing the sample using a
micropipette in the sample container CMR9 with an experi-
mental setup such as Figure 2. Volume of sample was set at
70 pl (slightly smaller than twice of CM volume) so that the
sample does not spill from the sample container. Next step is
to place the sensor probe in the middle of CMR9 which is
about 0.5 mm from the sample surface on the main axis of
the CM. This position is acting as the reference point of the
probe shift. This step is to guarantee that the probe is not in
contact with the sample. Recording the detector output volt-
age was carried out, every sensor probe is shifted 100 pm
away from the sample surface. The experimental procedure
was performed for each sample concentration selected and
control (without sample) with repetition of three times for
each sample. Furthermore, the same procedure was

probe «——
— T

sample "“-““‘*n“ CM

— s —

FIGURE 3 Photograph of rhodamine B solution in CMR9
container (photo taken using DSLR camera) [Color figure can be
viewed at wileyonlinelibrary.com]

conducted using CMRI12 using sample with volume of
170 pl. The last step of experiment was sensor stability test.
The sensor stability test was performed by placing the sensor
probe in the position where the sensor produces a peak volt-
age. The recording of peak voltage was conducted every
30 seconds for 15 minutes. The sensor stability test was per-
formed on each sample concentration. All experiment proce-
dures were carried out at a constant room temperature

of 24°C.

4 | RESULTS AND DISCUSSION

The photograph of sample with volume 70 pl on CMR9
sample container is shown in Figure 3. The shape of the
sample is shown clearly like a convex lens. The result of
absorption spectrum of rhodamine B with concentration of
10 ppm is shown in Figure 4. The absorption of rhodamine
B solution at light source wavelength of 543 nm is 1.03
ABS (90.67%). From measurement, refractive index for each
concentration of rhodamine B solution used in our experi-
ments is similar and equal to 1.333. Thus, the sample of rho-
damine B solution is in accordance with the working
principle of absorption based sensor,

The result of detection of rhodamine B concentration in
distilled water was in the form of optical detector output
voltage as a function of probe sensor shift to the reference
point near the rhodamine B (D) solution for each concentra-
tion selected. The data are shown through the curve of the
detector output voltage against the sensor probe shift in Fig-
ures 4A B respectively for the use of CMRY and CMRI12.
The largest measurement error for set-up using CMR9 and
CMR12 is the same of 1.2 mV (0.01%). The reference point
(point 0 in Figure 4) is 0.5 mm from the sample surface. The
position of the sensor probe against the reference point when
producing the peak voltage (D)) is not at one point, but at a
certain distance range. From the data generated, the average
D, for CMR9 and CMR12 usage was found as 2.7 mm and
4.2 mm, respectively. The sample volumes in the experi-
ments using CMR9Y and CMRI12 are 90% and 92% of the
maximum volume that the sample container can accommo-
date. From the calculation, if the sample volume is assumed
to be precisely the maximum volume of the sample container
(twice of CM volume), the sample thicknesses on the CMRY
and CMRI12 axes are 2.4 mm and 3.2 mm, respectively. For
control experiment, the averages D, generated were 5.6 mm
and 7.5 mm for CMR9 and CMR 12, respectively. If coupled
with the sample thickness on the principal axis of CM and
the reference point, the experimental D, values are 8.5 mm
and 11.2 mm for CMR9 and CMRI12, respectively. The
value is close to the radius of curvature of CMRY and
CMRI12. For experiments using samples, if the mean D,
values obtained is the sum of sample thickness on the pri-
mary axis of CM and the reference point, then the resulting
D,, values for set-up using CMRY and CMR12 are 5.6 mm
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FIGURE 5 Graph of the detector output voltage against the
surface of the rhodamine B solution with different concentrations
using (A) CMR9 and (B) CMR 12 [Color figure can be viewed at
wileyonlinelibrary.com]

concentration (ppm)
B

FIGURE 6 Graph of the average peak voltage position against
the concentration of rhodamine B for set-up using (A) CMR9 and
(B) CMR12

and 7.9 mm, respectively. Decrease in the probe position of
the sensor against the CM surface occurs when it produces a
peak voltage if the sample justifies of the illustration of the
light trajectory in Figure 1B.

Based on the data shown in Figure 5, the change in rho-
damine B concentration affects both D, and V), values. The
connection between average of D, and V), against the con-
centrations of rhodamine B is presented in Figures 6 and 7.
In Figure 6, it can be seen that there is inconsistent or ran-
dom connection between D, and rhodamine B concentration.
From the data, it can be concluded that the concentration of
rhodamine B cannot be detected through the average of D,,.
Meanwhile, from the data in Figure 7, it can be seen that
there is a linear connection between V, and rhodamine B
concentration with a linearity level of more than 99% for
both set-up using CMR9 and CMRI12. That is, the concen-
tration of rhodamine B can be detected through V), resulting
from the probe sensor shift on the sample surface. Our test
to the sensor shows that the working area of the sensor (lin-
ear region) is 0-20 ppm. The linear slope in Figure 7 is the
sensor sensitivity value.

Sensor stability test results using containers of CMR9
and CMRI12 are shown in Figure 8. The test results show
that the proposed sensor has good stability. The largest SD
resulting from the sensor stability test for CMR9 and
CMR 12 has the same value, which is 0.5 mV. From the SD
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FIGURE 7  Graph of peak voltage values against the
concentration of rhodamine B for (A) CMR9 and (B) CMR 12

and sensitivity values of the sensors, we can calculate the
sensor resolution value of 0.27 ppm and 0.26 ppm for
CMRY and CMR12, respectively. The sensor resolution for
set-up using CMR12 is slightly better because the optical
path traversed by the light is longer.

Overall, the performance of the rhodamine B concentra-
tion sensor in the distilled water is shown in Table 1. From
sensitivity and resolution parameters, it is known that the
performance of the thodamine B concentration sensor using
CMRI12 as sample container is slightly better than using
CMRY. This result occurs because CMR12 has larger vol-
umes which result in longer optical path. Longer optical path
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FIGURE 8 Result of sensory stability test for (A) CMR9 and
(B) CMR 12 [Color figure can be viewed at wileyonlinelibrary.com]

Figure 5, in particular the use of CMRY, the largest detection
limits can still be increased (seen from the lowest V,, gener-
ated.) Although the resolution of sensor generated in this
experiment (0.26 ppm) is no better than the previous research
result of 0.02 ppm,® our proposed sensor has advantage that
the detection can be conducted without contact between the
sensor probe and sample. This advantage makes the sensor
more durable and easier to maintenance. Theoretically, our
sensor can be used to detect other substance concentration as
long as the detected solution is meniscus and has high light
absorption in specific wavelength.

5 | CONCLUSION

Detection of rhodamine B concentration in distilled water
using fiber coupler and CM by applying the principle of light
absorption can be conducted without contact between the sen-
sor probe and the sample (non-touch). Based on the displace-
ment sensor, the concentration of rhodamine B was detected
in the range of 0-20 ppm with a resolution of 0.26 ppm
through the peak value of optical detector voltage obtained
from the shift of sensor probe against the sample surface.
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