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Abstract: Silver nanoparticles (AgNPs) have been effica-
ciously synthesized from AgNO; via an easy and green
method, also called green synthesis, using Mon Thong
durian (Durio zibethinus L.) rind extract. The inner shell
of durian rind extract was used as an intermediary for the
synthesis of AgNPs because the absorption spectra of the
AgNP colloid extracted from the inner shell had a higher
absorption than that of the outer shell. Additionally, we
have found more fructose and glucose — which act as a
reducing agent — and protein and carbohydrates — which
act as the stabilizer — in a higher amount in the inner shell
than the extract from the outer shell. The synthesized
AgNPs were mainly spherical in shape and exhibited a
relatively narrow size distribution with an average particle
diameter of 10.2 + 0.2nm. In the reduction of hydrogen
peroxide (H,0,), these nanoparticles demonstrate catalytic
activity. The degradation of AgNPs, including the catalytic
decomposition of H,0,, causes a considerable change in the
absorbance strength of the surface plasmon resonance
band depending on the H,0, concentration. Over a broad
concentration range of 10-10~° mol-L ™ H,0,, a good sen-
sitivity and a linear response are achieved. This sensor’s
quantification limit is found to be 0.9 umol-L ™" H,0,. Therefore,
this optical sensor for the detection of H,0, can be potentially
applied in the determination of color indicators in medical or
clinical diagnosis, biochemical analysis, and environmental
applications.
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1 Introduction

Considering that hydrogen peroxide (H,0,) is a byproduct
of processes mediated by several oxidase enzymes, deter-
mining H,0, in trace amounts is a crucial and essential
task. It is crucial in a variety of industries, including those
related to food, medicine, clinical laboratories, and envir-
onmental analysis [1,2]. The majority of the techniques for
measuring H,0, that have been developed until now are
based on enzymes and include spectrofluorometry [3-5], spec-
trophotometry [6-8], and electrochemistry [9-11]. Although
enzyme sensitivity and selectivity are exceptional, immobi-
lizing and stabilizing enzymes are challenging operations. It
was found that sensors had poor repeatability and instability
when exposed to enzymatic H,0,.

The construction of innovative devices and applications,
including chemical sensors and biosensors, is made possible
by the distinctive optical, magnetic, catalytic, and mechanical
capabilities of nanoscale materials [12-15]. According to recent
publications [16-19], several attempts have been made to
monitor the concentration of H,0, electrochemically by
applying nanomaterials (using no enzymes). Due to their
advantages such as high surface response activity, high
catalytic efficiency, high surface-to-volume ratio, strong
adsorption ability, stability, and ease of electron transfer,
nanomaterial-altered electrodes are an excellent option
for detecting H,0,. The sensors made of nanomaterials
have quicker reaction times and lower detection thresh-
olds [20]. Platinum [21,22], silver [23-26], gold [27], copper
oxide [28], MnOOH [29], or silver nanoparticles (AgNPs)
encapsulated in SBA-15 mesoporous silica [30] and electro-
deposited on a ZnO film [31] are only a few examples of the
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metal or metal oxide nanoparticle-based electrodes that
have been chemically changed. H,0, can be detected using
electro-analytical techniques.

The optical sensors and biosensors based on the loca-
lized surface plasmon resonance (LSPR), which may be
emitted by nanostructured noble metals like gold and
silver, are an excellent, quick, and low-cost substitute for
amperometric nanostructured sensors [32]. Briefly, the
passage of electrons through the interior metal framework
gets constrained when the size of a metal form shrinks
from the bulk scale to the nanoscale. As a result, when
incident light enters resonance with the conduction band
electrons on the surfaces of metallic nanoparticles, distinct
absorption bands of their UV-visible (UV-Vis) spectrum are
shown. It merely referred to these oscillations in charge
density as LSPR [33]. According to Endo and colleagues
[34-38], gold nanoparticles are specifically employed for
LSPR excitation and the development of corresponding
optical biosensors in medical and food applications. AgNPs
have a catalytic activity for the breakdown of H,0,, according
to a number of recent research studies [23,39]. Endo et al. [40]
and Alzahrani [41] synthesized polyvinylpyrrolidone-coated
AgNPs based on an LSPR-based fully optical detection method
for the quantitative determination of reactive oxygen species,
particularly H,0,. AgNPs with poly(vinyl alcohol) (PVA) caps
as a renewable LSPR-based sensor for H,0O, detection and
measurement have been suggested by Filippo and colleagues
[42].

To obtain silver colloids with nanostructures, wet che-
mical synthesis was frequently used [43]. Numerous nano-
material preparations entail hazardous chemicals, poor
material conversion, high energy demands, and time-con-
suming, inefficient purifications. Here, we instead synthe-
size AgNPs using a green method. There has already been
some advancement in the creation of green chemistry that
is safe, non-toxic, and acceptable to the environment for
the production of noble metal (gold and silver) nanoparti-
cles. For the synthesis of Au and Ag nanoparticles, green
reducing agents such as citrate [44-46], glucose [47-51],
ascorbic acid [52], and hydrogen peroxide [53-55] have
been investigated. AgNPs can be made using water-soluble
polymers, such as gum Arabic, gelatin, PVA, and methyl
hydroxyethyl cellulose [46,56-59]. Starch has recently been
used as a green capping agent [48-50]. Mehata [60] and
Ghaseminezhad et al. [61] have published many studies on
green synthesis, while Mouzaki and colleagues have pro-
vided an overview of the synthesis of AgNPs [62].

We used Mon Thong durian (Durio zibethinus L.) rind
extract [63] as a reducing agent and stabilizer to reduce Ag”
dissolved in AgNOs; solution to AgNPs with a narrow size
distribution and demonstrated their applicability as an
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LSPR-based optical sensor due to the current development
on green synthesis techniques for preparing metallic nano-
particles as well as on LSPR based on detection techniques
and sensing devices. We make use of the fact that the
analyte, H,0,, can be used as an active oxidant for AgNPs
and demonstrate that, under suitable experimental condi-
tions, the change in the LSPR absorbance strength caused
by the degradation of the as-prepared AgNPs correlates
well with the concentration of H,0,. These nanoparticles
serve as an unconventional LSPR-based optical sensor that
we employ to measure H,0,.

2 Materials and methods

2.1 Preparation of durian rind extract

The Mon Thong durian rinds were used throughout this
work. The fresh durian rinds collected during the durian
season from the fruit market were cleaned, dried, and the
outer layer from the inner layer was separated. Then, it
was ground to powder, stored in a vacuum box, and placed
at —20°C until it was used to prepare durian rind extract.

About 50 g of the durian outer layer powder was used
to prepare the durian rind extract. The powder was boiled
in 500 mL of deionized (DI) water for 30 min. The resulting
extract was filtered through Whatman filter paper No. 1
with a pore size of 11 pm. The preparation of the inner layer
of durian rind extract was the same as that of the outer
layer. We stored this extract at 4°C for further experiments.

2.2 Solutions used in the experiment

AgNO3; was used as a substrate for the synthesis of AgNPs
using the reduction method. NaOH and HCl solutions were
used for adjusting the pH change. AgNO; was purchased
from Poch. When AgNO; was dissolved in DI water, it
caused the dissociation of Ag®, which acts as an electron
acceptor (oxidizer) in the reduction process.

2.3 Synthesis of AgNP colloid using durian
rind extract as a reducing agent and
stabilizer

In this experiment, durian rind was used to synthesize
environmentally friendly AgNPs using the Mon Thong
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durian extract as both a reducing agent and stabilizer. The
durian extract will act as the electron distributor to the
dissociated Ag* in AgNO; solution under light conditions
as a catalyst. The process is shown as represented by Egs. 1
and 2:

AgNO,(s) —> Ag*(aq) + NOj(aq) &)
Ag'(aq) + & — Ag (s) @)

First, 30 mL of the durian outer shell extract was
mixed with 30 mL of 1mM AgNO; solution (1:1 ratio), and
the pH of the solution was adjusted to 8.5. The solution was
stirred with a magnetic stirrer (Stuart, CB 162) for 3h at a
light intensity of 13,430 lux and a temperature of 25 + 1°C.
The absorbance of the solution was measured in the wave-
length range of 300-800 nm with a UV-Vis spectrophot-
ometer (Avantes, AvaSpec-2048). The light source used
was a tungsten—deuterium lamp, which generated light
in the wavelength range of 177-1,100 nm. The absorbance
of the solution was measured by adjusting the absorbance
measurement mode (A). The extracted water from durian
rind was used as a blank. The same process was repeated
but the durian inner shell extract was used instead of the
durian outer shell extract.

Green synthesis of silver nanoparticles using durian rind extract
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2.4 Characterization of AgNPs synthesized
with the durian rind extract

The AgNPs synthesized with durian rind extract were
tested for their qualitative and quantitative characteristics
as follows:

— UV-Vis spectrophotometer was employed to examine the
absorbance of AgNPs synthesized with the extract obtained
from the inner and outer shells of durian rind.

- TEM (JEOL, JEM-2100) was used to examine the disper-
sion and shape of the AgNPs.

— XRD (Bruker, D8 Advance) was used to analyze the crys-
talline structure of the elements.

— SEM-EDX (JEOL, JSM-6610LV) was used to determine the
elemental composition of AgNPs.

2.5 Optical characteristics of the surface
plasmon resonance (SPR)-based optical
sensor for the detection of H,0, of AgNP

To evaluate the optical characteristics of AgNP solution as
SPR-based H,0, sensor, 3% of different concentrations of

-
3%H,0,
solution

Dilute with PBS
solution (pH=7.4)
5

| Add

UV-Visible Spectrophotometer
(Avantes, AvaSpec-2048)

Y vy

10°M 10°M 10 M 10°M 10°M 10 M

Mixing

Reaction times 0, 5, 10, 15, 20,
30, 40, 60, 80, 100, 120 min

Figure 1: Experimental procedure for SPR optical characterization of colloid AgNPs synthesized from the durian rind extract.
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H,0, solutions diluted with phosphate buffer (pH 7.4) were
introduced into the AgNP solution in the quartz cuvette at a
ratio of 1:15. The change in its optical characteristics with
time (0, 5, 10, 15, 20, 30, 40, 60, 80, 100, and 120 min) in the
visible range (350—-850 nm) was monitored by a UV-Vis spec-
trophotometer (Avantes, AvaSpec-2048), as shown in Figure 1.

3 Results and discussion

3.1 Durian rind extract and the conditions
used in the AgNP synthesis

Before synthesizing AgNPs, the absorbance of durian rind
extracted from outer and inner shells was measured. The
results showed that the durian extract from the outer shell
of durian rind had the highest absorbance at 320.896 nm.
In contrast, the extract from the inner shell had the highest
absorption at a wavelength of 323.689 nm, which was
higher than that from the outer shell. Therefore, the inner
shell extract was used to synthesize AgNPs.

In this experiment, the inner shell of the durian rind
extract was used as an intermediary for the synthesis of
AgNPs because the AgNP colloid extracted from the inner
shell had a higher absorption than that of the outer shell.
Moreover, the durian inner shell yielded more AgNPs than
the outer shell (as presented in Figure 2). Additionally, we
have found more fructose and glucose — which act as a
reducing agent — and protein and carbohydrates — which
act as the stabilizer — in a higher amount than the extract
from the outer shell (as shown in Table 1).
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Table 1: Nutrient contents in durian rind

Substance Substance content in Substance content in
the outer shell the inner shell

Fructose 0.93g100g™" 8.01g100g™"

Glucose 1.01g-100g™ 21791009

Protein 0.09g-100 mL™ 0.03g-100 mL™

Carbohydrate  0.43g-100 mL™ 113100 mL™

Therefore, at this stage, the extract from the inner shell
of durian rind was recommended as a reducing agent and
a stabilizer in the synthesis of AgNPs.

3.2 Effect of reaction times on the
absorbance of colloid AgNPs

AgNPs were synthesized using the inner durian rind extract
at a light intensity of 13,430 lux with the pH of the solution
adjusted to 8.5. Then, the absorbance of the solutions was
measured at reaction times of 5, 10, 30 min, 1, 2, 3, 6, 9, and
12 h with a UV-Vis spectrophotometer. With the formation of
AgNPs, the color of the solution changed from light yellow
(source extract) to yellowish-brown because of the reduc-
tion of Ag" ions in AgNPs as the reaction time was increased
gradually up to 12 h, as shown in Figure 3.

As observed in Figure 3, the color of AgNPs synthesized
using the inner durian rind extract at a light intensity of
13,430 lux and pH 8.5 had a yellowish-brown color at all
reaction times. This result implies that the higher the
absorbance, the higher the quantity of AgNPs. Therefore,
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Figure 2: Colloid absorbance of AgNPs synthesized using the durian rind extract: (a) outer shell of durian rind and (b) inner shell of durian rind

(pH = 8.5; reaction time, 3 h) at a light intensity of 13,430 lux.



DE GRUYTER

Omin 5S5min 10min 30min 1h

Green synthesis of silver nanoparticles using durian rind extract

2h

3h

6h

9h

12h

Figure 3: Colors of colloids of AgNPs synthesized using an extract from the inner durian rind at a light intensity of 13,430 lux, pH of 8.5, and reaction

times of 0 min to 12 h.
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Figure 4: Colloidal absorbance of AgNPs synthesized using an extract
from the inner durian rind at a light intensity of 13,430 lux, pH of 8.5, and
reaction times of 5min to 12 h.

adjusting the pH of the solution to 8.5 is recommended for
synthesizing AgNPs as it generates a higher quantity.
As observed in Figure 4, at a pH of 8.5, the absorbance

implied the small size of AgNPs. Therefore, adjusting the
pH of the solution to 8.5 was recommended in synthesizing
AgNPs using an extract from the inner shell of durian rind.

Figure 4 shows the UV-Vis spectrum recorded from
the formation of AgNPs in solution. The appearance of a
strong and sharp plasmon band at a wavelength of max-
imum absorbance (An,x) 0f 416 nm shows the formation of
AgNP colloids. The reaction was completed within 3h,
which can be ascertained by no change in the absorbance.
This value of A,,,x Was blue-shifted toward a shorter wave-
length of approximately 416 nm at a pH value of 8.5 and the
full-width at half-maximum (FWHM) of the absorbance
band was 122 nm.

3.3 Dispersion, shape, and size of AgNPs

TEM (JEOL, JEM-2100) was employed to investigate the for-
mation of dispersion and shape of AgNPs synthesized using
an extract from the inner durian rind at a light intensity of
13,430 lux and a reaction time of 12h at a pH of 8.5. The
smallest size of AgNPs is shown in Figure 5. Therefore, it

of the synthesized AgNPs had the highest at 416 nm, which

.,

Number of particle (%)

10

(®)

14
Diameter of particle (nm)

Figure 5: TEM analysis results: (a) TEM image of AgNPs synthesized from 1 mM AgNOs solution and durian rind extract at ambient conditions (solution
pH = 8.5) and (b) corresponding particle size distribution histogram of AgNPs.
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can be concluded that the pH of the solution used in the AgNP
synthesis (the inner shell of durian rind extract and AgNO5)
should be adjusted to 8.5 to get the smallest size of AgNPs.

The TEM results are shown in Figure 5a, which dis-
plays that AgNPs are formed in spherical shapes. Figure
5b shows a relatively narrow size distribution with an
average diameter of 10.2 + 0.2 nm, which corresponds to
the XRD pattern, as illustrated in Figure 6. Figure 6 shows
the XRD patterns of AgNPs synthesized using the durian
rind extract. The XRD pattern shows the sharp peaks of the
face-centered cubic (fcc) crystal structure (JCPDS file no.04-
0783) with diffraction peaks at 37°, 44°, 64°, and 77° in the
20 range of 20-80°, which correspond to the (111), (200),
(220), and (311) facets of silver, respectively. Therefore,
the UV-Vis spectra, TEM images, and XRD patterns are
strong evidence to confirm that the method described
here is an effective approach for the synthesis of AgNPs.
Additionally, EDX analysis was used to estimate the ele-
mental composition of AgNPs. Figure 7 shows that the
energy of the elemental silver peak is 3 keV.

3.4 Optical characteristics of the SPR-based
optical sensor for the detection of H,0,
of AgNPs

3.4.1 Effect of reaction times on the wavelength and
absorbance spectra of dilute H,0, solution

Dilute H,0, (1072M) was used to determine the effect of
reaction times on the wavelength and absorbance of dilute
H,0, solution. The results are shown in Figure 8.

(111)

(200)

(220)

Intensity (a.u.)

(311)

JCPDS file n0.04-0783

I T T T T T T T T T T
20 30 40 50 60 70 80

2 Theta (Degrees)

Figure 6: X-ray diffraction patterns of the synthesized AgNPs.
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Figure 7: SEM-EDX spectrum of the synthesized AgNPs confirming the
presence of silver.

From Figure 8, the maximum absorbance of 107*M
H,0, is at 416 nm, which implies that the lesser the reaction
time, the higher the absorbance of dilute H,0,.

In order to determine the effect of dilution on the SPR
absorbance strength, we introduced phosphate buffer into
the AgNP colloid at a ratio of 1:1.5. The change in the absor-
bance strength at A« is because of its dependence on the
AgNP concentration. In this experiment, the dilution with
buffer solution affects the AgNP concentration. As a result,
a volume ratio of H,0,/colloid AgNPs is chosen as 1:1.5 to
evaluate the characteristics of the SPR-based sensor.

3.0
—— Blank
5 0 min
5 5 min
—— 10 min
204 15 min
5 —— 20 min
S 30 min
8 15 40 min
S —— 60 min
< —— 80 min
8 104 —— 100 min
< 120 min
0.5
OO T T T T T T T T T T T

— —
350 400 450 500 550 600 650 700 750 800 850
Wavelength (nm)

Figure 8: Changes in the SPR absorbance strength with time and the
addition of 1072 M H,0, solution in the as-synthesized AgNPs solution at
a volume ratio of 1:1.5.
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Figure 9: Colors of H,0, and AgNP solution at different H,0, concentrations.

3.4.2 Concentration of H,0, and absorbance of the
solution

UV-Vis spectrophotometry was employed to determine the
absorbance of H,0, and AgNP solution at different H,0,
concentration levels and a reaction time of 15min (as
shown in Figure 9).

As shown in Figure 9, the color of H,0, and AgNP solution
faded as the concentration of H,0, increased. This finding
implies that the higher the concentration of H,0, in the solu-
tion, the fadedness of the color of the solution increased.

The spectroscopy measurements showed the forma-
tion of AgNPs. The AgNP synthesis was verified by UV-Vis
spectroscopy by determining the maximum absorbance at
approximately 416 nm because of the SPR. Figure 10 repre-
sents the SPR peak at 416 nm of AgNPs, showing a sufficient
dispersion, narrow size distribution, and the spherical
shape of AgNPs. The addition of 1 mL of 3% H,0, solution
with different volumes of AgNPs leads to a decrease in the
SPR absorbance of the AgNPs, leading to the bleaching of
the brownish color to a clear solution of AgNPs.

3.0
——10"'MH,0,
2.5 ——10°MH,0,
10°MH,0,
2.0 ~ — 10_5 MH,0,
a\ 0° M H,0,
15 /RN ~—10°MH,0,

Absorbance (a.u.)

. T . T T T . T .
300 400 500 600 700 800
Wavelength (nm)

Figure 10: UV-Vis absorption spectra recorded for 15 min after the
addition of different concentrations of H,0, solution to the solution of
AgNPs at a volume ratio of 1:1.5.

3.4.3 Effect of time on changes in the reaction of AgNPs
and H,0, solution at different concentrations

UV-Vis spectrophotometry was employed to analyze the
effect of reaction time on changes in the reaction of
AgNPs and H,0, solution at different concentrations, and
the results are shown in Figure 11.

As observed in Figure 11, absorption shows relatively
significant changes in the reactions between different con-
centrations of AgNPs and dilute H,0, solutions between 0
and 15min. However, it was found that the reactions
became static after 15 min. This reaction pattern represents
the reactions of different concentrations of AgNPs and
dilute H,0, solution, as observed in Figure 11. Therefore,
15min of reaction time was recommended to apply for
AgNPs (extracted from the inner layer of durian rind) to
an SPR-based optical sensor for the detection of H,0,. The
(Ao — AP/A, values calculated at a reaction time of 15 min
and the concentration of H,0, are presented in Figure 12. As
seen, the absorbance change at a reaction time decreases
proportionally to the H,0, concentration. It can be con-
cluded that the optical sensor studied using the durian
rind extract in synthesizing AgNPs ensures a linear response

1.4
_  u - .
7] E———
1.2 l/. —m—10"M H,0,
” ®—10°MH,0,
1.0
/ 10°M H,0,
1 -
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| -5,

o L 10°M H,0,
% ] < 10°MH,0,
<F° ————o——f—————o””7”—0—7777.
< 04+ a—

| | o
o
0.2 e
N
i —w-w—Y—Y - - — : :
0.0+ GRITT— & 41—
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Figure 11: The relative changes in the reaction of AgNPs and H,0,

solution at a 15 min reaction time at different concentrations of H,0,
solution.
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Figure 12: Relative change in the absorbance strength of the AgNP
solution 15 min after the addition of H,0, solution as a function of H,0,
concentration.

over the wide concentration range of 10~'~10~° mol-L ! H,0,
and might be successfully applied in analytical procedures
for the determination of H,0, in various samples such as
vegetables and food. The quantification limit, calculated
based on the criteria, is 0.9 umol'L'l.

Comparing the H,0, detection performance of AgNPs
extracted from durian rind with previous studies, we
found that AgNPs obtained from the durian extract in
our study had the lowest detection limit compared to other
methods (Table 2) [24].

3.4.4 Mechanism of H,0, detection

From Eqs. 1 and 2, the durian rind extract can be reduced
to Ag* to Ag® because it is composed of water-soluble poly-
saccharides that comprise a linear chain of several hun-
dred to over ten thousand B (1 — 4) linked D-glucose units
and low protein content [67]. Glucose generally acts as a
reducing agent in the preparation process of AgNPs. After
these simple steps, the optical sensor is ready for use.
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With the addition of another strong oxidizing agent as
H,0,, the reverse process occurs, in which AgNPs are oxi-
dized with the consequent formation of silver oxide, and
peroxide is decomposed into water and oxygen [68]. The
oxi-reduction occurs as described by the following che-
mical equations (Egs. 3 and 4):

2Ag(s) + H,0,(ag) — 2Ag*(aq) + 20H (aq)  (3)
2Ag*(aq) + 20H (aq) — Ag,0 (s) + H,0 (1) 4

We observed that the intensity of the yellowish-brown color
decreases with increasing H,O, concentration (Figure 9),
which is attributed to the oxidation of Ag’.

4 Conclusions and future directions

In this work, we have demonstrated a challenging alterna-
tive for the synthesis of AgNPs using the bio-waste durian
rind as a low-cost biological reducing agent. By using this
strategy, agricultural wastes may be used more effectively
and the garbage that could have an adverse effect on the
environment can be disposed of. The effective utilization of
the hydroxyl groups of glucose as a reducing agent and starch
or protein as a stabilizer may contribute to the green produc-
tion of AgNPs from durian rind. Only spherical particles were
formed, with an average diameter of 10.2 + 0.2 nm.

Our synthesis produced AgNPs with an SPR band at
416 nm, good colloidal AgNP stability, and intermediate
catalytic activity for the oxidation of H,0,. The SPR band’s
absorbance intensity significantly varies depending on the
H,0, concentration due to the degradation of AgNPs due to
the catalytic breakdown of H,0,. An SPR-based sensor for
the detection of H,0, is suggested based on this technique.
This sensor responds linearly and with exceptional sensi-
tivity throughout a wide range of 10™-10° mol-L™* H,0,.
The quantitative limit of detection, according to our find-
ings, is 0.9 umol-L ™" H,0,. The application of an SPR-based
optical sensor for H,0, detection and for the detection of
other reactive oxygen species is possible.

Table 2: Comparison of analytical performances of the methods for the determination of H,0,

Method Detection limit (uM) Linear range References
Decomposition of particles 10 N/A [64]
Decomposition of particles 1.60 10-80 pM [65]
Decomposition of particles 5 10-40 pM [66]
Decomposition of particles 12 60-600 pM [24]
Decomposition of particles 0.9 1M to 0.1 M This work
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H,0, is a crucial chemical used in many industrial pro-
cesses including textile, pharmaceutical, culinary, cleaning,
and disinfection. As mentioned above, H,0, detection is
effective over a wide range of concentrations. For these
sensors to be extensively used in the aforementioned indus-
trial applications, we still need to improve in terms of sen-
sitivity and selectivity for H,0, in varied samples. AgNPs are
a type of nanomaterial that is used to enhance the perfor-
mance of sensors in various environmental conditions. To
allow continuous monitoring necessary for industrial appli-
cations, further efforts will need to be made to address the
sensor contamination concerns in various sample types. In
conclusion, the flexible detection range, straightforward
construction technique, and affordable price of optical sen-
sors make them suitable for a variety of applications.
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