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Sensitivity performance of Ag/TiIN and Ag/ZrN based
SPR sensors for glucose and sucrose identification
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This study was carried out to investigate the effect of hybrid plasmonic material thicknesses, which are Ag/TiN and Ag/ZrN
on the sensitivity of SPR sensor in detecting glucose and sucrose. A Krestchmann configuration of surface plasmon
resonance (SPR) sensor had been theoretically developed via prism coupling technique. A 633nm of red laser was incident
onto the prism’s hypothenuse side to excite the SPR. The effect of Ag/TiN and Ag/ZrN thicknesses ranging from 35nm to
60nm on the sensitivity of SPR sensor was studied. The deployment of Ag/ZrN at 44nm/10nm thicknesses resulted the
resonance angle shifting about 0.91° from 44.67° to 45.58° as it was exposed to the glucose and sucrose. In contrary, the
Ag/TiN coated sensor indicated large angle shifting only for glucose detection which portrays its non-versatility feature. The
proposed Ag/ZrN based SPR sensor able to identify the analytes, with almost similar refractive index values with sensitivity
values of 0.6725 °/RIU (glucose detection) and 0.6724°/RIU (sucrose detection). In conclusion, Ag/ZIN (tag=44nm,
tzn=10nm) offers better sensitivity and selectivity performance than Ag/TiN because of the absorption enhancement inside

the Ag due to the high scattering efficiency of ZrN.
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1. Introduction

Honey is a complex, natural food with a lot of benefits
for humans [1]. It consists of various chemical
components, and carbohydrates are the main components,
including glucose, sucrose and fructose [2]. The quality
standard for honey has been introduced by the
international standardization organization such as Gulf
Standardization Organization (GSO). According to GSO
standard, the specification of honey composition such as
fructose, glucose and sucrose should be within 27% to
44.3%, 22% to 40.7% and less than 5% respectively [3].
The biochemical variation in the composition of pure
honey can ensure the taste and benefits of originality [4].

Electronic sensing technique such as electronic nose
(e-nose) and electronic tongue (e-tongue) have been used
to identify adulterated honey [5,6]. Recently, optical
sensors also have been used in food safety area to detect
the quality of food including honey [7-9]. The optical
sensors exhibit excellent sensitivity down to nanoscale
detection since their main operating principle rely on
photon propagation. In general, optical sensors can be
divided into two categories which are fiber optics sensor
[10-13] and free space optics sensor such as prism-based
sensor and silicon-based sensor [14,15].

Surface plasmon resonance (SPR) is a phenomenon
which is created as a p-polarized light incident on noble
metal. Since SPR is a non-destructive process, it is
appropriate for various applications in the fields of biology

and chemistry [16-19]. This optical method does not
influence the substance's composition and it is favorable
for natural composition sensing, such as liquid honey [20].

Noble metal is one of the important requirements to
generate SPR. Gold (Au) offers a good chemical stability
[21, 22]. The disadvantage of this metal is due to its
broader resonance curves that limit the accuracy of
detection. In contrast, the silver has sharp resonance peak
that achieves higher detection accuracy [23]. However,
silver suffers greatly from oxidation. An additional
protective layer such as TiO, (titanium dioxide) and GO
(graphene oxide) is required to prevent this problem [24,
25]. Recently, the transition metal nitrides such as titanium
nitride (TiN) and zirconium nitride (ZrN) become
favorable materials for plasmonic applications in visible
and near infrared region due to their tailorable optical
properties and refractory quality [26, 27]. These materials
exhibit a very high melting point, high chemical stability,
and excellent ruggedness. Such properties make TiN and
ZrN perfect candidates as a coating layer material for the
SPR sensor.

This work aims to investigate the effect of hybrid
plasmonic materials’ thicknesses, which are Ag/TiN and
Ag/ZrN on the sensitivity of SPR sensor in detecting
glucose and sucrose. The total films thicknesses are varied
between 35 nm to 60 nm to determine the optimized
physical properties of the material for the development of
high sensitivity SPR sensor. The output of this study found
that the deployment of Ag/ZrN at thicknesses of 44 nm/10
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nm exhibits better sensitivity than Ag/TiN because of the
absorption enhancement inside the Ag due to the high
scattering efficiency of ZrN. We believe that the proposed
sensor will have a good future in food safety area,
specifically for adulterated honey detection due to its
versatility in identifying the presence of glucose and
sucrose.

2. Materials and methods

Winspall 3.02 simulation software based on Fresnel
equation was used to study the sensitivity of our proposed
SPR sensor. Fig. 1 illustrates the setup of this work. SPR

was created by employing Kretschmann configuration
coupling technique. A p-polarized Helium Neon (He-Ne)

633nm wavelength of
incident light

Triangular prism —»,

Ag thin film

laser with operating wavelength of 633 nm was incident
through the prism onto its hypothenuse side. The
hypothenuse side of the prism was coated with two
nanolayers of materials, namely silver/titanium nitrate
(Ag/TiN) and silver/zirconium nitrate (Ag/ZrN). The
thicknesses of Ag were varied between 30 nm to 50 nm,
meanwhile for ZrN and TiN, their thicknesses were
controlled between 5 nm to 10 nm. The SPR phenomena
was created by controlling the light incident angle from
38° to 58° with an increment of 0.30 ° per reading. The
physical and optical properties of the materials are listed in
Table 1. The characteristics of the resulting SPR curves,
such as minimum reflectance value (Rpn), sensor’s
sensitivity and amount of angle shifting had been
investigated.

Reflectance

TiN @ ZrN thin film

Analytes (Glucose, Sucrose)

Evanescent wave

Fig. 1. Detection of sugar classification using SPR sensor (color online)

Table 1. List of materials and their parameters

Material Thickness, Refractive index,
t (nm) RI (a.u)

Glass prism - 1.51
Silver (Ag) 30-50 0.13511, 3.9852
Zirconium 5,7,10 1.34,0.9852 [28]
nitrate (ZrN)
Titanium 5,7,10 1.3512, 2.7599 [28]
nitrate (TiN)
Glucose - 1.3532, 0.0002 [29]
Sucrose - 1.3533, 0.0002 [30]

3. Results and discussions

Fig. 2(a) displays the characteristics of SPR curves
when various thicknesses of hybrid layers of Ag (30nm to
50 nm) and ZrN (5 nm, 7 nm and 10 nm) were deposited
on the hypothenuse side of the triangular glass prism. Note
that, the strength of SPR signal can be evaluated based on
the SPR curve depth, or usually is called as Q-factor [31].
Obviously, as the thicknesses of ZrN increased from 5nm
to 10 nm, the Q-factor started to decrease which explain
the optimum thickness of ZrN for maximum generation of
SPR due to greater amount of surface plasmon plasmon
polaritons excitation [19]. The increment of SPR curve’s
width  (full-width-half-maximum (FWHM)) with the
increased of ZrN thicknesses proves that the additional

layer on top of metal (Ag) must be controlled at a very thin
thickness. In SPR, small value of FWHM is favorable
since it exhibits the capability of sensor in detecting small
changes of the analyte’s refractive index [23]. At tz;n =5
nm, the smallest R, value about 0.0021 a.u had been
obtained with thickness of Ag was 30 nm. When tzn =7
nm, minimum value of Ry, was observed at tag = 30 nm
with Ry,in= 0.0204 a.u. The smallest Ry, value at tz =10
nm was resulted as 0.0791 a.u had been recorded by
setting the thickness of Ag at 30 nm. Apparently,
maximum SPR signal was successfully generated by
sustained the thickness of Ag at 30 nm. Note that the SPR
generation is mainly influenced by metal thicknesses. If
the metal is too thin, the surface plasmon polaritons
(SPP) will be strongly damped because of radiation
damping into prism. If the metal is too thick, the SPP can
no be longer efficiently excited due to absorption in the
metal. The position of SPR dip in the reflectance curves
can be used as an indicator for the environmental changes
detection, in which in this study it refers to the presence of
glucose and sucrose [32]. As the coating material was
replaced with TiN (Fig. 2(b)), value of Ry, increased
about 13.58% with Ry,= 0.0134 a.u at triy = 5 nm and tag
= 30 nm. When thickness of TiN increased to 7 nm, value
of Ry, was obtained as 0.0693 a.u. Meanwhile, the lowest
Rmin Value at 0.1796 a.u was resulted when tr;y = 10 nm.
The SPR angles were found to be red-shifted from 43.16°
to 44.07° as thicknesses for both hybrid layers (Ag/TiN
and Ag/ZrN) increased.
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Fig. 2. Effect of material’s thicknesses on SPR signal (a) Ag/ZrN (tag= 30 nm-50 nm, (i) tzy= 5 nm, (ii) 7 nm (iii) 10 nm))
(b) Ag/TiN (tag= 30 nm-50 nm, (i) trix =5 nm, (i) 7 nm (iii) 10 nm)) (color online)
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Fig. 3 displays the Q-factor analyses of SPR curves
for Ag/TiN (Fig. 3(a)) and Ag/ZrN (Fig. 3(b)). Obviously,
large Q-factor values were obtained as the additional layer
of TiN or ZrN with both thicknesses at 5 nm were coated
on Ag thin film due to their low loss and excellent metallic
properties [29]. As the Ag thin film thicknesses increased
from 30 nm to 50 nm, values of Q-factor decreased
linearly which suggest the generation of strong SPR signal
at minimum thickness. Fig. 4 shows the Q-factor
comparison between both materials at their optimized total
thicknesses, t = 35 nm (tag = 30 nm and tz @ty = 5 ).
The deployment of Ag/ZrN resulted greater Q-factor value
than Ag/TiN with maximum differences up to 13.46%. It
can be concluded that strong SPR signal was successfully
generated by employing Ag/ZrN with total thicknesses of
35nm owing to their non-stoichiometric compositions.
This drastic change in film properties can be useful in
building plasmonic devices where the properties of the
material components need to be tuned or graded [28].

Fig. 5 exhibits various SPR curves of Ag/TiN based
sensor for detection of sucrose (Fig. 5(a)) and glucose
(Fig. 5(b)). In general, angle shifting had been occurred at
all thicknesses of Ag/TiN and Ag/ZrN as they exposed to
the analytes. At certain thicknesses, large angle shifting
had been recorded which reflects the ability of these
hybrid materials to detect the presence of analytes.
Apparently, the Ag/TiN sensor indicated the greatest SPR
curve depth and obvious angle shifting when tjy =5 nm as
illustrates in Fig. 5(a)(i) and Fig. 5(b)(i).

Similar analyses had been performed on the Ag/ZrN
coated SPR sensor as depicted in Fig. 6. In general, the
maximum Q-factor values were obtained as thicknesses of
Ag were set within 36 nm to 42 nm. The apparent SPR
angle shifting was observed as the analytes were switched
from sucrose (Fig. 6(a)) to glucose (Fig. 6(b)) at ty = 10
nm. It was found that the deployment of Ag/ZrN at
thicknesses of tag = 44 nm and tzn = 10 nm resulted
greatest amount of angle shifting which is 0.91° from
44.67° to 45.58° (Fig. 7(a) and Fig. 7(b)). It is noteworthy
to mention that similar amount of angle shifting for both
analytes owing to the value of refractive index of sucrose
and glucose which are almost equal with difference
between them is only about 0.0001 a.u.
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Fig. 4. Q-factor values of SPR curves for Ag/TiN and Ag/ZrN
with total thickness of 35 nm (tag = 30 nm and t;@triy = 5 nm)
(color online)



568 Wan Maisarah Mukhtar, Nurul Atirah Nuraddin
1 1 1
0.9 0.9 0.9 Ag/TiN (SUCROSE)
308 =08 ~ 08 .
3 2 S :
S07 0.7 207
&20.6 RTINGes) | 406 " & 0.6
805 —#=Ag/TiN (38/5) 80 5 =¥ Ag/TiN (38/7) 505
S04 TAVINGOS | S s e~ Ag/TIN(40/7) Ry
§03 :M%N( e e —AG/TIN (42/7) 8 —i—Ag/TiN (42/10)
=" TTALTN@S) | 203 — Ag/TIN (44/7) 203 e Ag/TiN (44/10)
202 AYTIN (46/5) 202 —Ag/TiN (46/7) =02 - Ag/TiN (46/10)
01 ~4=Ag/TiN (48/5) = Ag/TiN (48/7) & o AgTiN (48/10)
o P rccirutarcl I g |0 T
38 40 42 44 46 48 50 52 54 56 S8 38 40 42 44 46 48 50 52 54 56 58 38 40 42 44 46 48 50 52 54 56 58
Incident angle, 6 (°) Incident angle, 6(°) Incident angle, 6(°)
() (i) (iii)
(a)
1 1
3 . 1
0.9 Ag/TiN (GLUCOSE) 0.9 Ag/TiN (GLUCOSE) 00 Ag/TiN (GLUCOSE)
~ — -t Ag/TiIN
e g.s 208 . ; ‘ 208 a 2
Z0. E0.7 :
I~ i = \‘3/0'7
" 0.6 Ag/TiN 36/5 0.6 0.6
o == Ag/TiN 38/5 o e/t e Re/TiN 38/10
g 035 —ongmnaos | 209 H—AG/TIN 38/7 g0.5 & Ag/TiN 40/10
204 i AG/TIN 42/5 S04 Iﬂ'::‘;ﬂ S04 ——Ag/TiN 42/10
303 ——Ag/TiN 44/5 203 _W;Nuh 503 ——Ag/TiN 44/10
5 0.2 e AG/TIN 46/5 % 02 —— Ag/TIN 46/ =02 Ag/TiN 46/10
[ 4 Ag/TiN 48/5 o o Ag/TINAS/7 o o= Ag/TiN 48/10
0.1 - Ag/TIN 50/5 0.(1) M ~ 0.(1) - Ag/TiN 50/10
0 bt e L Ag/TIN SO/ terremhemmmdr et ermdeme]
38 40 42 44 46 48 50 52 54 56 58 38 40 42 44 46 48 50 52 54 56 S8 38 40 42 44 46 48 50 52 54 56 58
Incident angle, 6(°) Incident angle, 6(°) Incident angle, (°)
() (ii) (iii)
(b)

Fig. 5. SPR curves as the Ag/TiN SPR sensor exposed to the two types of sugar (a) sucrose detection (tag = 30 nm-50 nm,(i) trjy = 5 nm,
(i) triny =7 nm (iii) triy = 10 nm)) (b) glucose detection (tag = 30 Nm-50 nm, (i) trjy = 5 nm (ii) trjy = 7 nm (iii) try = 10 nm))

(color online)
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At thicknesses of tag = 34 nm and tzy = 10 nm, the
amount of angle shifting was obtained as 0.61° (Fig. 8). In
comparison With Agi=44nm/ZrNi=10nm based SPR sensor, the
amount of shifting decreased about 32.97%. The usage of
Adt=32nm/ TiNi=10nm resulted the maximum angle shifting
which is about 1.20° as illustrated in Fig. 9. Unfortunately,
this configuration did not show similar characteristics for
glucose sensing (refer Fig. 2(b) and Fig. 5(b)). This output
indicates the nonversatility of Ag/TiN based SPR sensor in
classifying  various  types of sugar.  Except
AQi=4anm/ZrNe=10nm, the remain thicknesses of Ag/ZrN
portray small angle shifting about 0.61° as exposed to the
analytes. Fig. 10 exhibits the example of SPR angle
shifting before and after the sensor reacted with the
analytes. In general, the sensor fabricated by Ag/ZrN and
Ag/TiN with various thicknesses able to detect the

Ag(34nm)/ZrN(10nm) for sucrose detection
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g 0 N N, e sucrose as analyte
=
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presence of glucose and sucrose. But, the maximum
sensitivity with consistent detection was successfully
obtained by using Ag/ZrN with tag = 44 nm and tzn = 10
nm.

In comparison with a single gold coated SPR sensor,
our proposed Ag/ZrN based sensor offers 1.67% better
sensitivity in detecting sucrose and glucose [3]. In
addition, few outstanding features of TiN and ZrN such
as able to stand at very high melting point, have high
chemical stability and excellent ruggedness make them
extraordinary sensing materials. Compare with another
design of sensor such as an optical chiral sensor using
optical weak measurement system, our sensor experiences
greater shifting of response curve about 33.33% which
indicates its excellent sensitivity feature as exposed to the
analytes [33].
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Fig. 8. Maximum SPR angle shifting using Ag(34 nm)/ZrN(10 nm) based SPR sensor (a) sucrose detection (b) glucose detection
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Table 2. Sensitivity analysis of SPR sensor

Material Thicknesses Sensitivity, S
(°/RIV)
Glucose | Sucrose
Ag/ZrN 44nm/10nm 0.6725 0.6724
Ag/ZrN 34nm/10nm 0.4508 0.4508
Ag/ZrN and Other 0.2217 0.2217
Ag/TIiN thicknesses

Table 2 shows the sensitivity analyses of SPR sensor
using various types and thicknesses of materials.
Obviously, the usage of Ag/ZrN hybrid plasmonic
materials at thicknesses of tay = 44 nm and tzy = 10 nm
offer the best sensitivity which are 0.6725 °/RIU and
0.6724 °/RIU for sucrose and glucose sensing,
respectively. Small sensitivity differences between both
sensing materials owing to their refractive index values
which are nearly the same. At thicknesses of tag = 34 nm
and tzy= 10 nm, lower sensitivity value 0.4508 °/RIU had
been obtained for both analytes detection. Meanwhile, at

(b) Ag/ZrN

other thicknesses, the Ag/ZrN and Ag/TiN based SPR
sensors exhibits low sensitivity about 0.2217 °/RIU.
Overall, the Ag/IZIN (tag = 44 nm, tzn = 10 nm) offers the
best sensitivity and selectivity performance due to its low
loss and high metallic properties. The presence of a very
thin layer of ZrN obviously enhanced the sensitivity of the
SPR sensor because of the absorption enhancement inside
the Ag due to the high scattering efficiency of ZrN [34].

4. Conclusions

The transition metal nitrides such as titanium nitride
(TiN) and zirconium nitride (ZrN) exhibits excellent
sensing properties for plasmonic applications in visible
and near infrared region due to their tailorable optical
properties and refractory quality. The performance
analyses between these materials indicate that hybrid thin
films Ag/ZrN at thicknesses of 44 nm/10 nm results the
best sensitivity for glucose and sucrose detection. The
proposed Ag/ZrN based SPR sensor able to identify the
analytes, with almost similar refractive index values. For
future work, the effect of light intensity and types of prism
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configurations on the sensitivity of Ag/ZrN based SPR
sensor for adulterated honey detection will be investigated.
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