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ABSTRACT

Depending on different applications or materials that integrate with the substrate as well as the
transduction method used in the biosensors, different materials of the substrate are considered.
This research focuses on selecting the appropriate substrate in designing biosensors, detecting mi-
croorganisms in the environment. In this study, the glass slide (glass), Polyethylen plastic (PE plastic),
and the cellulose paper (cellulose acetate (CA) & cellulose nitrate (CN)) are investigated substrates
for coating AgNPs/ZIF-8 — material used as an optical signal amplification in further steps, using
structural analysis techniques — Scanning Electron Microscopy (SEM) for morphology characteri-
zation and the Energy Dispersive Spectrometer (EDS) for optical characterization. A morphology
characterization with SEM showed that cellulose paper is a better substrate in comparing with the
other substrates (glass, PE), because the sensity of distribution on CN was the highest (85-90%)
when it coated with AgNPs/ZIF-8. According to EDS analysis, the ratios of Ag in mixture on CN sub-
strate (15.3840.39% mass) is slightly higher than CA substrate (13.584-0.39% mass); and about 53
times higher than glass substrate (0.3740.13% mass) and PE plastic substrate (0.294-0.08%). There-
fore, cellulose paper (CA) will be suggested to select for further research as a new material with cost

(inexpensive) and effectiveness in coating AGNPs/ZIF-8.
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INTRODUCTION

Over the years, due to the properties of nanoparti-
cles in terms of good biocompatibility, broad struc-
ture variety, and notable bioimitative characteristics,
nanotechnology has been used in the development of
biosensors to improve performance and sensitivity .

Various kinds of nanoparticles have been studied in

the context of biological detection '

. Among these
nanoparticles, metal nanoparticles (MNPs) such as
silver nanoparticles (AgNPs) have been widely used
due to their unique physicochemical features, such
as the morphological and structural characterization
at the nanoscale?. As the characteristics of MNPs
are closely related to their dispersibility®, metal-
organic frameworks (MOFs) are used to support
MNPs*. Bagheri et al. have described the use of Ag
nanoparticles/Zn-based MOF (AgNPs@Zn-MOF) to
enhance the electrochemical activities of MOFs for
the selective detection of patulin”.

Substrates selected for biosensor manufacture must
be relatively inert, possess a surface consistency ideal
for ligand attachment®. There are many different
types of substrates, such as glass slide, polymer, pa-
per, etc.” Depending on different applications or ma-
terials that integrate with the substrate as well as the

transduction method used in the biosensors, differ-
ent materials of the substrate are considered. Silver
nanoparticle is obviously one of the excellent candi-
dates for the antibiosis of glass surface, but it is barely
absorbed to the surface of the protected glass by a
weak force®. Sarva.M.P et.al (2016) used cellulose
filter paper coated with silver nanoparticles because
of it’s properties such as inexpensive, abundant, sus-
tainble, and renewable’. However, there are no stud-
ies comparing coat performance between materials.
In this work, AgNPs/ZIF-8 will be synthesized and
coated on different materials such as (glass, polyethy-
lene, cellulose paper). Thus, the coating performance
of AgNPs/ZIF-8 on these materials is compared.

METHODS

Materials

Zinc nitrate (Zn(NO3),, Merck), 2-methylimidazole
(2-MeIM - CH3C3H;NoH 99%, Sigma Aldrich),
methanol (CH3OH, Merck), milver nitrate (AgNO3,
Merck), modium borohydride (NaBHj4, Sigma
Aldrich), (3-Aminopropyl) trithoxysilan 98%
(APTES - C9H,3NOs3Si, A Johnson Matthey com-
pany), ethanol (CoHsOH, Merck), sulfuric acid 98%
(H2S04, Merck), hydrogen peroxide 30% (H»O»,
Merck), acetic acid 100% (CH3COOH, Merck) were
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used without further purification.

Substrate: Research choose 4 types of substrate in-
clude Glass (cover glass made in Germany), PE
(Polyethylene) plastic, Cellulose acetate (CA) paper,
Cellulose nitrate (CN) paper.

Characterizations: The surface morphology was char-
acterized using Scanning Electron Microscopy (SEM,
JEOL JSM-6400) and the Energy Dispersive Spec-
trometer (EDS, JEOL JSM-IT200).

Experiments:

Figure 1 revealed that know how the experiment of
substrate comparison study was conducted.

« First, the ZIF-8 and AgNPs/ZIF-8 were synthe-
sized according to the previous report?. In a
typical processor, 187.5 ml of 100 mM solu-
tion of 2-MeIM in methanol and 125 ml of 100
mM solution of Zn(NO3), in methanol were
mixed and stirred for 12h at room temperature.
The milky sususpension was centrifuged and
washed with methanol for three times and dried
at 80 °C overnight. Thereafter, 10 g ZIF-8 was
added into 40 mL AgNOs3 solution (25 mmol
dm*3). Thereafter, the mixture was stirred for
12 h at room temperature. The suspension was
successively centrifuged and then dried under
vacuum at 80 °C overnight. Afterwards, 0.5
g NaBH, dissolved in 40 mL water was mixed
with the Ag+/ZIF-8 with vigorous stirring for 30
min and the mixture turned dark.

« Substrate preparation: In this study, 4 substrates
of glass, PE plastic, cellulose paper (CA, CN),
and paper are used to coat AgNPs/ZIF-8.

« Before the experiment the glass slide was treated
according to Yaohui Ly, et al. (2008)%. The
glass slide was immersed in a lightly boiled pi-
ranha solution (3:1 v/v 98% H,SO4/30% H,O5)
for 20 min. After being washed with DI wa-
ter, it was dipped in 1% ethanol solution of
APTES for 30 min at room temperature. The
pH of this solution was adjusted to 3.5-5.5 by
100% CH3COOH. Then, washed with ethanol
and cured in the oven at 100°C for at least 2 hr.

« The cellulose papers and PE plastic were rinsed
with 95% ethanol before coating®.

« Coating the AgNPs/ZIF-8 onto the selected sub-
strates.

« Analyze and characterize the substrate modifi-
cation via SEM and EDS.

o Select the best substrate.

1578

RESULTS

Synthesis of ZIF-8 and AgNPs/ZIF-8

ZIF-8 was synthesized successfully (Figure 2).

Figure 2a showed the milky suspension, which may
be to contain ZIF-8 and the residue after being cen-
trifuged (Figure 2b).

The ZIF-8 was in a good crystal morphology with a
mean diameter about of 700 nm (Figure 2c), which
confirmed the formation of pure ZIF-8. The elements
of C and Zn were undoubtedly generated by ZIF-8
(Figure 2d).

Figure 3 showed the characterizations of AgNPs/ZIF-
8 composite. The solution containing Ag+/ZIF-8 be-
comes dark after adding NaBHy solution, as a result of
the formation of AgNPs/ZIF-8 (Figure 3a). As shown
in Figure 3b, AgNPs/ZIF-8 with uniform morphology
and size were well dispersed. In addition, Figure 3¢
exhibits the elements of C and Zn are undoubtedly
generated by ZIF-8, while the element of Ag comes
from AgNPs (9.64 & 0.32 % mass).

AgNPs/ZIF 8 coating on Glass substrate

The surface morphology of AgNPs/ZIF-8 on immo-
bilized glass substrate was analyzed by SEM, which
showed a significant difference between a blank glass
(Figure 4a) and glass coated in AgNPs/ZIF 8 (Fig-
ure 4b).

Figure 4a & b showed that SEM image of AgNPs/ZIF-
8 layer coated on the glass slide. It was obvious that
there was no presence of AgNPs/ZIF-8 on the bare
glass slide. On the other hand, the EDS data (Fig-
ure 4c) showed peaks of Ag came from AgNPs, in
which Ag accounted for 0.37+0.13% in mass.

AgNPs/ZIF 8 coating on Polyethylene (PE)
plastic substrate

Similar to the glass substrate, the SEM image showed a
significant difference between a blank PE plastic (Fig-
ure 5a) and PE plastic coated in AgNPs/ZIF-8 (Fig-
ure 5b).

Figure 5 a&b showed the amount of AgNPs/ZIF 8 that
appeared on the PE plastic. The percentage of Ag on
PE plastic was 0.29£0.08% in mass (Figure 5c).

AgNPs/ZIF-8 coating on Cellulose paper
substrates

Two kinds of cellulose paper were used in this re-
search, which were CN and CA.

The coated papers images and blank papers are char-
acterized through SEM technique (Figure 6a,b,c; Fig-
ure 7a,b).
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Figure 1: The process of the experiment
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Figure 2: The result of (a)(b) Formation; (c) SEM image; (d) EDS data of ZIF-8
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Figure 3: The result of (a) Formation; (b) SEM image; (c) EDS data of AgNPs/ZIF-8
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Figure 4: The SEM image glass before (a) and after AgNPs/ZIF-8 coating (b); EDS data of glass after AQNPs/ZIF-8
coating (c)
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Figure 5: The SEM image of PE plastic before (a) and after AgNPs/ZIF-8 coating (b); EDS data of PE plastic after
AgNPs/ZIF-8 coating
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Figure 6: The SEM image of CA before (a)(b) and after AgNPs/ZIF-8 coating (c); EDS data of CA after AQNPs/ZIF-8
coating (d)

295520.18 szl €

3
I3 | 2198£024 | 31422034
® | 6682014 83620.18
L 26412031 8092010
L 15381039 28612007
100.00 100,00

Intensity [Counts]

Energy [keV]

Figure 7: The SEM image of CN before (a) and after AGNPs/ZIF-8 coating (b); EDS data of CN after AQNPs/ZIF-8

coating (c)
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In Figure 6a and Figure 7a, it was easy to see that a
clear structure of cellulose paper with varies of equal
pore size, as the pore size of filter paper is 0.45um
(according to the manufacturer’s specifications), in
which the cellulose fiber size of CA paper is larger
than that of CN paper.

As confirmed by the assessment, the papers have
been coated with AgNPs/ZIF-8. Figure 6d and Fig-
ure 7c show the peaks of Ag. The mass percentage
of Ag on CA and CN paper was 13.58+0.39% and
15.384-0.39%, respectively.

DISCUSSION

The research used SEM and EDS to characterize
the morphology of AgNPs/ZIF-8 coating on differ-
ent substrates. Each substracte was measured about
7 points over total area of lcm? in a zigzag pattern,
repeated 3 times. The results showed that the ap-
pearance of AgNPs/ZIF-8 at all measurement points,
AgNPs/ZIF-8 was evenly coated on the surface of the
substractes as well. There ass a significantly different
in the efficiency of AgNPs/ZIF-8 coating on substrate
types. The amount of AgNPs/ZIF-8 covering Glass
substrate and PE substrate was small and uneven on
the surface of the substrate (Figure 4b & Figure 5b).
Meanwhile, the AgNPs/ZIF-8 has already been well
distributed that they got into some typical pores on
the surfaces of the cellulose paper (CA, CN substrate)
were shown in Figure 6¢ and Figure 7b.

There were differences in the percentage and density
distribution of Ag on substractes, depending on dif-
ferent substrates (Table 1).

The mass percentage of Ag on glass, PE, CA, CN sub-
strate was 0.37£0.13%, 0.2940.08%, 13.58+0.39%,
15.38+0.39% respectively. For atomic percentages,
the % Ag on glass, PE, CA, CN substrate was
0.064-0.02%, 0.0410.01%, 2.56+0.07%, 2.86=0.07%,
respectively.

In terms of both mass and atomic percentage of Ag,
the percentage (both mass and atom) of Ag on CN ass
the highest. It was higher than glass 41 times (% mass)
and 47 times (% atomic); higher than PE 53 times (%
mass) and 71 times (% atomic).

The results were similar when considering the average
density of distribution of AgNPs/ZIF-8 on the sub-
strate surface at the SEM imaged points. The resulting
density of distribution on the substrate surface from
high to low was CN, CA, glass and PE, respectively.
Sensity of distribution on CN was the highest (85-
90%), while on PE the lowest (25-30%).

It means that the coating efficiency of AgNPs/ZIF-8
on glass and PE substrate are very low, while it was
high for CA and CN substrates.

Comparing between CA and CN substrate, the per-
centage of Ag in mixture on CN substrate was slightly
higher than CA substrate, but CN substrate was
changed its shape after coating (Figure 8), possibly
due to the affinity of water for the NO3~ functional

group.
CONCLUSION

In summary, the SEM result and visual observation
showed that CA paper is the best substrate in com-
paration with the other substrate (such as glass, PE,
CN). Indeed, the AgNPs/ZIF-8 film was uniformed
and fully covered on CA paper. According to EDS
analysis, the mass percentate of Ag in mixture on CN
substrate (15.38 & 0.39% mass) was slightly higher
than on CA substrate (13.58+0.39% mass); and it
was about 53 times higher than that on glass sub-
strate (0.3740.13% mass) and PE plastic substrate
(0.29£0.08%).
shape after coating.

But CN substrate was changed its

In general, both the morphology characterization and
optical properties showed that cellulose paper is a
better substrate than suitable for designing a biosen-
sor. Therefore, cellulose paper (CA) will be sug-
gested to select for further research as a new material
with cost (inexpensive) and effectiveness in coating

AgNPs/ZIF-8.
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LIST OF ABBREVIATIONS

PE: Polyethylen

CA: cellulose acetate

CN: cellulose nitrate

SEM: Scanning Electron Microscopy

EDS: Energy Dispersive Spectrometer

MNPs: metal nanoparticles

AgNPs: silver nanoparticles

MOFs: metal-organic frameworks

ZIF-8: Zeolite imidazolate frameworks-8

JEOL JSM-6400: Model of Scanning Electron Mi-
croscopy

JEOL JSM-IT200: Model of Energy Dispersive Spec-
trometer

DI water: Deionized Water
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Table 1: The percentage and the density of distribution of Ag on substractes

Substrate Mass Atomic Density of distribution
Glass 0.3740.13% 0.064-0.02% 35-40%
PE 0.29£0.08% 0.04£0.01% 25-30%
CA 13.58+0.39% 2.5640.07% 80-85%
CN 15.384+0.39% 2.8640.07% 85-90%
W
' |
N
L]
Blank CN paper Coated CN paper Blank CA paper Coated CA paper

Figure 8: The visual appearance of cellulose papers before and after AQNPs/ZIF-8 coating
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Xac dinh hiéu qua cta viéc phti AgNPs/ZIF-8 trén cac dé khac nhau
Trinh Thi Bich Huyén2”*, Lai Duy Phuong'2, Pham Tan Thi%>34, Dang Vii Bich Hanh'2"*

TOM TAT

Tuy thudc Ung dung hodc vat liéu khac nhau clia dé cing nhu phuong phéap chuyén déi tin hiéu
dugc st dung trong cam bién sinh hoc ma cac vat liéu khac nhau clia dé dugc xem xét. Nghién
clu nay tap trung vao viéc lua chon dé thich hgp trong viéc thiét ké cam bién sinh hoc, dugc st
dung d@é phat hién vi sinh vat trong méi trudng. Trong nghién clu nay, thly tinh, nhua PE va gidy
cellulose (cellulose acetate va cellulose nitrate), dugc lua chon cho lam dé sé dugc pht AgNPs/ZIF-
8 (vat liéu dugc st dung lam bo khuéch dai tin hiéu quang hoc trong cac budc tiép theo). Nghién
clu st dung céc ki thuat phan tich cau tric bao gém kinh hién vi dién t&r quét (SEM) dé xac dinh
dac diém hinh thai va may quang phd phan tan nang lugng (EDS) dé xac dinh dac diém quang
hoc. Thong qua dac diém hinh thai hoc bang SEM thdy rang gidy cellulose la vat liéu tt hon so
véi cac vat lieu khac (thay tinh, nhua PE), bai khi dugc phtt AGNPs/ZIF-8, mat d6 phan bé trén CN
la cao nhat (85-90%). Theo phan tich EDS, ty 1é Ag trong hdn hop trén dé cellulose nitrate (15,38 4=
0,39% vé khéi luong) cao hon mét chit so véi Cellulose acetate (13,58 == 0,39% vé khéi luong); va
cao hon khodng 53 1an so vai dé thuy tinh (0,37 4= 0,13% khéi lugng) va dé nhua PE (0,29 = 0,08%).
Nhin chung, gidy cellulose 1a dé tot hon phu hop dé thiét ké bo cdm bién sinh hoc. Do d6, gidy
cellulose (CA) sé dugc chon lam vat liéu dung lam dé ctia cdm bién sinh hoc trong nghién ctu ké
ti€p bdi gid thanh (khong qué dat) va hiéu qua pht AgNPs/ZIF-8.
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