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CONDUCTIVE INK FUNCTIONAL MATERIAL AND APPLICATION

AND PREPARATION METHOD THEREOF

FIELD OF TECHNOLOGY

The present disclosure belongs to the field of sensors, and particularly
relates to a conductive ink functional material and application and a preparation
method thereof.
BACKGROUND

With the demands for high precision and high integration of electronic
equipment, an inkjet printing technology has been gradually emerging in the
field of printed electronics. Compared with conventional processes for preparing
conductive circuits with printed circuit boards, a method for preparing a
conductive circuit by the inkjet printing technology has the advantages of high
manufacturing speed, environmental friendliness, simple process, low cost and
diversified functions. Based on the production of the conductive circuits on
flexible circuit boards, the productivity of products can be greatly improved. The
key is to develop a conductive ink that meets demands of inkjet printing
equipment and final products. Due to small size, difficult agglomeration, low
melting point and other outstanding advantages, a metal nanoparticle has been
widely used in the research and production of the conductive ink. In inkjet
printing electronics, a printer, an ink and a substrate conductive ink are mainly
involved, which can be applied to radio frequency identification (RFID), an

organic light emitting diode (OLED), a printed circuit board (PCB), flexible
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sensors and other aspects. An inkjet conductive ink material has a great potential
in RFID antennas, PCBs and other aspects such as display electrode components,
thus becoming a representative in the development direction of thin-film printed
electronic materials. At present, the conductive ink material is selected mainly
based on several factors such as electrical conductivity, oxidation stability, cost
and required electromagnetic properties, and the research on functionalization of
the conductive ink material in a specific direction is not enough.
SUMMARY

In order to solve the above problems, the present disclosure discloses a
conductive ink functional material. The surface of a metal nanoparticle is
bonded to a molecule containing an electronic medium by a covalent bond.
After a conductive ink prepared therefrom is printed to form a conductive layer
and an electrode of a biosensor are prepared, due to the action of an electronic
medium layer, electrons generated by an enzyme reaction on a working
electrode of the biosensor can be directly transmitted to the surface of the
electrode, so that the electrode can detect biological substances at lower working
voltage, and the sensitivity of the biosensor to interfering substances is reduced.
Meanwhile, a biological electrode prepared from the conductive ink functional
material has higher electron transmission efficiency, and the electrode area can
be greatly decreased without reducing the signal intensity.

In order to solve the above problems, the present disclosure further
discloses a functionalized conductive ink, which is prepared by dissolving a

surface-functionalized metal nanoparticle as the conductive ink functional
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material. After a biological electrode is prepared by printing with the
functionalized conductive ink, higher electron transmission -efficiency is
achieved, and the electrode area can be greatly decreased without reducing the
signal intensity.

In view of the above problems, the present disclosure provides a conductive
ink functional material. The conductive ink functional material is a
surface-functionalized metal nanoparticle having a structure as shown in a

formula I:
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Q is a metal nanoparticle; ‘D is a medium structure; ¢ is a

protective agent; and R is an organic structure consisting of C, N, O and H.
Further, the medium structure is an organic complex of iron; and the R; is
selected from a linear/branched/cyclic hydrocarbyl, an organic structure
containing lipid/ether/amide/quaternary ammonium group/polyethylene glycol,
or any combination of the hydrocarbyl and the organic structure.
Further, the medium structure is ferrocene or a derivative thereof having the

following structural formula:



4 ) X], Xz, X3, X4, X1', Xz', X3', X4', and Xs' are
independently selected from one of the following groups, * refers to other
structures of the conductive ink functional material except for the selected

medium structure:
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*/O\RZ *)LRz */U\°’R2 , Rz, R3, R4, and
Rs are a structure consisting of H, a linear/branched/cyclic hydrocarbyl, and a
group containing lipid/ether, and * refers to other structures except for the
selected group in the groups.

Further, the R; is selected from the following structures or any combination

10 thereof:
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o O |, nis an integer ranging from 1 to 10,
Rs and R7 are H or a linear/branched/cyclic hydrocarbyl, and * refers to other
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structures of the conductive ink functional material except for the selected R;
structure.

Further, the metal is one of Ag, Au, Cu, Zn, Ni, Co, Pd, Pt, Zr, Cr, Ru, Os,
Ir, Sn, Pb, Al, Mo, and W; and the protective agent is one of polymers with the

following structures and has a molecular weight of 500-1,000,000:

(N O R
o 03—+
S T4
* *
' . . n, R 1s a structure consisting of H, a

linear/branched/cyclic hydrocarbyl, and a group containing lipid/ether, and *
refers to other structures of the conductive ink functional material except for the
selected protective agent.

Further, the metal is Ag, Au, Pd, or Pt; and the protective agent is one of
polyvinylpyrrolidone, polyacrylic acid, polyacrylate, and polyethylene glycol,
and has a molecular weight of 1,000-10,000.

The present disclosure further provides a functionalized conductive ink,
which is prepared from the conductive ink functional material. The
functionalized conductive ink can be applied to a biosensor.

According to a preparation method of the conductive ink functional

material, a reaction route includes:
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dissolving a metal nanoparticle; adding a surface-functionalized molecule
HS-R;-<2 to an obtained solution; conducting stirring for a reaction at room
temperature; after the reaction is completed, conducting centrifugation at high
speed to separate a solid phase and a liquid phase; and subjecting the obtained
solid phase to washing and vacuum drying to obtain the conductive ink
functional material.

Further, the metal nanoparticle is added to a solvent for full dissolution by
ultrasonic treatment; the surface-functionalized molecule HS-R;- <2 is added,
where the mass ratio of the metal nanoparticle to the HS-Ri-<=» is 1,000 : 1 to
1 © 10; stirring is conducted for a reaction at room temperature; after the reaction
is completed, centrifugation is conducted at 10,000 rpm to separate a solid phase
and a liquid phase; and the obtained solid phase is washed for 3 times, and then
vacuum drying is conducted to obtain the conductive ink functional material.

Further, the mass ratio of the metal nanoparticle to the HS-R;-<® is 10 - 1
to 1 . 10; the stirring is conducted for a reaction at room temperature for 8 hours;
and after the reaction is completed, the centrifugation is conducted at 10,000
rpm for 1-5 minutes to separate a solid phase and a liquid phase.

Further, a preparation method of the metal nanoparticle includes: dissolving
6
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a metal salt and a protective agent at a mass ratio of 10 :1 to 1 1,000 in a solvent
separately; heating a protective agent solution to 120 °C, and adding a metal salt
solution dropwise under stirring; after the dropping is completed, conducting
stirring continuously for a reaction at 120 C  for 6 hours, and conducting
cooling to room temperature; after the reaction is completed, conducting
washing on an obtained solution for 3 times; and drying a precipitate at 40 C
for 12 hours to obtain the metal nanoparticle.

Further, a conductive ink functional material and water are mixed and
subjected to ultrasonic treatment; diethylene glycol and glycerol are added for
adjusting the viscosity to 5-200 CPS, so as to obtain a functional conductive ink
containing the conductive ink functional material with a mass concentration of
5%-40%; and then the functional conductive ink is filtered and stored.

Further, during application of the functionalized conductive ink, electrodes
of a biosensor are prepared by printing with a general conductive ink first; one
electrode is completely covered with the functionalized conductive ink by an
inkjet printing or micro-dropping method, and subjected to drying, followed by
heat curing or NIR photocuring; and then, a glucose oxidase-containing solution
is dropped on the surface of the electrode, subjected to drying, so as to form a
working electrode.

Further, the heat curing is conducted at a temperature of 70-100 °C; and
the NIR photocuring is conducted at 800-1,200 nm and 0.1- 2 mW/m?.

The present disclosure discloses a conductive ink functional material and a

preparation method thereof. The surface of a metal nanoparticle is bonded to a
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molecule containing an electronic medium by a covalent bond. After a
conductive ink prepared therefrom is printed to form a conductive layer and an
electrode of a biosensor are prepared, due to the action of a medium layer
directly fixed to the surface of the conductive layer, electrons generated by an
enzyme reaction on a working electrode of the biosensor can be directly
transmitted to the surface of the electrode, so that the electrode can detect
biological substances at lower working voltage, and the sensitivity of the
biosensor to interfering substances is reduced. Meanwhile, a biological electrode
prepared from the conductive ink functional material has higher electron
transmission efficiency, the electrode area can be greatly decreased without
reducing the signal intensity, and thus the size of the biosensor is significantly
reduced. Moreover, the present disclosure further discloses a functionalized
conductive ink and application thereof. The functionalized conductive ink is
prepared by dissolving a surface-functionalized metal nanoparticle as the
conductive ink functional material. Since the surface of the metal nanoparticle is
bonded to a molecule containing an electronic medium by a covalent bond, the
surface is functionalized, a conductive ink prepared therefrom is printed to form
a conductive layer, and an electrode of a biosensor is prepared by attaching a
biological enzyme to the surface. Due to the action of an electronic medium
layer directly fixed to the surface of the electrode, electrons generated by an
enzyme reaction on a working electrode of the biosensor can be directly
transmitted to the surface of the electrode, so that the electrode can detect

biological substances at lower working voltage, and the sensitivity of the
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biosensor to interfering substances is reduced. Meanwhile, a biological electrode
prepared from the conductive ink has higher electron transmission efficiency, the
electrode can be greatly decreased without reducing the signal intensity, and thus
the purpose of reducing the size of the biosensor is achieved.

Other features and advantages of the present disclosure are described in the
subsequent specification, and a part will become apparent from the specification
or will be understood through the implementation of the present disclosure. The
objectives and other advantages of the present disclosure may be realized and
achieved by the structures indicated in the specification, claims and attached
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to make the technical solutions in the embodiments of the present
disclosure or in the prior art more clearly illustrated, drawings required to be
used in the description of the embodiments or the prior art are briefly introduced
below. Apparently, the drawings described below are some embodiments of the
present disclosure, and other drawings may also be obtained by persons of
ordinary skill in the field without creative labor according to the drawings.

FIG. 1 is a diagram showing the comparison of cyclic voltammetry curves
of a glucose biosensor made from a conductive ink prepared from a conductive
ink functional material prepared by the present disclosure and a glucose
biosensor made from a conductive ink prepared from a silver nanoparticle
without surface functionalization in a glucose solution;

FIG. 2 is a diagram showing the comparison of the working current of a
9
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glucose biosensor made from a conductive ink prepared from a conductive ink
functional material prepared by the present disclosure and a glucose biosensor
made from a conductive ink prepared from a silver nanoparticle without surface
functionalization in a glucose solution; and

FIG. 3 is a schematic diagram showing a preparation method of an
electrode of a biosensor.

DESCRIPTION OF THE EMBODIMENTS

In order to make the objectives, technical solutions and advantages of the
embodiments of the present disclosure more clear, the technical solutions in the
embodiments of the present disclosure are clearly and completely illustrated
below in conjunction with the attached drawings in the embodiments of the
present disclosure. Obviously, the embodiments described are merely a part,
rather than all of the embodiments of the present disclosure. Based on the
embodiments of the present disclosure, all other embodiments obtained by
persons of ordinary skill in the field without creative labor fall within the
protection scope of the present disclosure.

Example 1 of the present disclosure: Preparation method of a conductive
ink functional material:

(1) Synthesis of a metal nanoparticle: 1.0 g of silver nitrate and 10.0 g of
polyethylpyrrolidone (PVP) (with a molecular weight of 3,000) as a protective
agent were dissolved in 50.0 mL of ethylene glycol separately. A
polyethylpyrrolidone solution was heated to 120 °C, and after the solution was

stable, a silver nitrate solution was slowly added dropwise to the
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polyethylpyrrolidone solution under thorough stirring. After the dropping
process was completed, stirring was conducted continuously for a reaction at
120 'C for 6 hours, and after the reaction was completed, cooling was
conducted to room temperature. An obtained solution was poured into 100 ml of
ethanol, followed by thorough stirring and high-speed centrifugation at a
rotation speed of 10,000 rpm, and washing was completed to obtain a silver
nanoparticle precipitate, where the washing process was repeated for 3 times.
Then the obtained precipitate was dried at 40 ‘C for 12 hours to obtain a silver
nanoparticle.

(2) Preparation of a conductive ink functional material: 0.4 g of the silver
nanoparticle obtained in step (1) was added to 5.0 mL of ethanol for ultrasonic

treatment to obtain a stable suspension. 5 mL of an alcohol solution of
H F
HS(/\O>\/N7]/@’ e\@
4 o

concentration of 0.02 g/mL was added to the suspension, stirring was conducted

mercaptan-polyethylene glycol-ferrocene with a

for a reaction at room temperature for 8 hours, and centrifugation was conducted
at a rotation speed of 10,000 rpm to separate a solid phase and a liquid phase.
The obtained solid phase was added to 5 mL of ethanol for thorough mixing,
centrifugation was conducted on an obtained suspension at a rotation speed of
10,000 rpm, and a liquid phase was removed. Washing was completed to obtain
a solid, where the washing process was repeated for 3 times. Then the obtained
solid was subjected to vacuum drying in an environment at room temperature to

obtain the conductive ink functional material.

11



10

15

20

Example 2: Preparation method of a conductive ink functional material:
1.0 g of a gold nanoparticle was added to 12.5 mL of butanol for ultrasonic

treatment to obtain a stable suspension. 5 mL of a butanol-tetrahydrofuran

Q  cH,
o
\/ Fe
HS\/\/g\/Q
e ci
solution (1:1) of with a concentration of 0.1

g/mL was added to the suspension, stirring was conducted for a reaction at room
temperature for 8 hours, and centrifugation was conducted at a rotation speed of
10,000 rpm to separate a solid phase and a liquid phase. The solid phase was
added to 10 mL of a butanol-tetrahydrofuran mixed solvent (1:1) for thorough
mixing, centrifugation was conducted on an obtained suspension at a rotation
speed of 10,000 rpm, and a liquid phase was removed. Washing was completed
to obtain a solid, where the washing process was repeated for 3 times. Then the
obtained solid was subjected to vacuum drying in an environment at room
temperature to obtain the conductive ink functional material.

Example 3: Preparation method of a conductive ink functional material:

0.4 g of a gold nanoparticle was added to 5.0 mL of propanol for ultrasonic

treatment to obtain a stable suspension. 20 mL of a propanol solution of

Cl
H

HS\/\/\“/H NP \IKQ/Fe\@/SO3H

© o < with a concentration of 0.2 g/mL

was added to the suspension, stirring was conducted for a reaction at room
temperature for 8 hours, and centrifugation was conducted at a rotation speed of

10,000 rpm to separate a solid phase and a liquid phase. The solid phase was
12
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added to 5 mL of propanol for thorough mixing, centrifugation was conducted
on an obtained suspension at a rotation speed of 10,000 rpm, and a liquid phase
was removed. Washing was completed to obtain a solid, where the washing
process was repeated for 3 times. Then the obtained solid was subjected to
vacuum drying in an environment at room temperature to obtain the conductive
ink functional material.

Example 4: Preparation method of a conductive ink functional material:

0.4 g of a platinum nanoparticle was added to 10.0 mL of ethanol for

dissolution to obtain a stable suspension. 20 mL of a butanol-tetrahydrofuran

HS

solution (1:1) of with a concentration of

0.2 g/mL was added to the suspension, stirring was conducted for a reaction at
room temperature for 8 hours, and centrifugation was conducted at high speed to
separate a solid phase and a liquid phase. The solid phase was added to 10 mL of
a mixture of butanol and tetrahydrofuran (1:1) for thorough mixing,
centrifugation was conducted on an obtained suspension at high speed, and a
liquid phase was removed. Washing was completed to obtain a solid, where the
washing process was repeated for 3 times. Then the obtained solid was subjected
to vacuum drying in an environment at room temperature to obtain the
conductive ink functional material.

Example 5: Preparation method of a conductive ink functional material:

0.1 g of a palladium nanoparticle was added to 5.0 mL of ethanol for

dissolution to obtain a stable suspension. 0.5 mL of an alcohol solution of
13
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HS o)
</\o);\/ @\503H
Fe SO3H
Cs \\@/ with a concentration of 0.02 g/mL was

added to the suspension, stirring was conducted for a reaction at room
temperature, and after the reaction was completed, centrifugation was conducted
at a rotation speed of 10,000 rpm to separate a solid phase and a liquid phase.
The solid phase was added to 250 mL of ethanol for thorough mixing,
centrifugation was conducted on an obtained suspension at a rotation speed of
10,000 rpm, and a liquid phase was removed. Washing was completed to obtain
a solid, where the washing process was repeated for 3 times. Then the obtained
solid was subjected to vacuum drying in an environment at room temperature to
obtain the conductive ink functional material.

In order to verify the effect of the present disclosure, comparative tests of
properties of products are also carried out by the inventor. A conductive ink
functional material for comparison is prepared, and made into conductive inks
with the conductive ink functional material prepared in Example 1 respectively.
Then biosensors are made for comparison of properties.

Experimental Example:

Comparative experiments of properties of biosensors

1. Experimental materials:

The silver conductive ink functional material obtained in Example 1 and
water were mixed at a ratio of 0.1 g : 4 mL and subjected to ultrasonic treatment

under the condition of an ice water bath. Diethylene glycol and glycerol were
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added for adjusting the viscosity to 12 CPS and the surface tension to 32 dyn/cm,
so as to obtain a functionalized conductive ink. Then the functionalized
conductive ink was filtered and stored at 7 C for later use.

A three-electrode structure of a biosensor was printed on a PET substrate
with a non-functionalized conductive ink first, and an Ag/AgCl reference
electrode material was placed on one electrode. Next, the functionalized
conductive ink prepared from the silver conductive ink functional material of the
present disclosure was injected into an ink box of a DMP-2831 printer, a
working electrode was prepared on the surface of the second electrode, and after
printing was completed, the working electrode was placed in a drying oven for
curing at 80 C for 4 hours. After that, a glucose oxidase aqueous solution was
dropped on the surface of the working electrode, and subjected to drying. Then,
the sensor was placed in a vapor environment of glutaraldehyde for crosslinking
of glucose oxidase, so as to complete the preparation of the working electrode.
The rest one blank electrode was used as a counter electrode. The surface of the
biosensor was coated with a layer of a hydrophilic polyurethane (HPU) film by a
slit coating method, and after drying was completed, the film had a thickness of
2 pm.

Comparative example: A conductive ink was prepared from a silver
conductive ink material without surface functionalization, and then a glucose
biosensor was made according to the above method.

The two biosensors in comparative experiments are nearly the same in the

thickness of conductive layers and the roughness of surfaces, are consistent in
15
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the use amount of enzymes on working electrodes and the morphology and size
of enzyme layers, and are the same in the thickness of PU films.

2. Comparative experiment of the working voltage of biosensors

The two biosensors were placed in a 100 mg/dL glucose solution, and
cyclic voltammetry curves were measured. Results are as shown in FIG. 1.

From the figure, it can be seen that the glucose biosensor prepared from the
silver conductive ink material without surface functionalization (contrast system)
reaches a maximum current value at a working voltage of 680 mV, while the
sensor prepared from the surface-functionalized silver conductive ink functional
material can reach a maximum current value at 320 mV, which is far less than
the working voltage of the contrast system. The lower working voltage indicates
that fewer interfering substances are involved in a reaction. Therefore, the
glucose sensor prepared from the surface-functionalized silver conductive ink
functional material has a better anti-interference ability.

From FIG. 1, it can also be seen that in the same concentration of the
glucose solution, the glucose sensor prepared from the surface-functionalized
silver conductive ink functional material has a detectable maximum current of
550 nA, which is more than four times that of the contrast system (120 nA),
indicating that the charge transfer efficiency of an enzyme electrode can be
significantly improved while the working voltage is reduced, and that is to say,
the sensitivity of the sensor is improved.

In addition, the biosensors monitor biological substances by measuring the

current generated. According to the data in FIG. 1, the following results can be
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obtained: when the electrodes are nearly the same in area and surface roughness
(namely, nearly same total surface area), the electric quantity expressed as 550
nA + 120 nA = 4.6 times can be generated when the conductive ink functional
material is used. That is to say, when the electrode is prepared from the
conductive ink functional material, the current intensity of the electrode
prepared from the conductive ink material without surface functionalization can
be obtained by using only 1/4.6 of the electrode area.

3. Comparative experiment of the working current of biosensors

The two biosensors were placed in a 50 mg/dL glucose solution, a 100
mg/dL glucose solution, and a 200 mg/dL glucose solution in sequence, and then
current signals of the two biosensors were measured. In the experiment, the
biosensor prepared from the surface-functionalized silver conductive ink
functional material was set to have a working voltage of 320 mV, and the
contrast system was set to have a working voltage of 680 mV. Results are as
shown in FIG. 2.

From the figure, it can be seen that the two biosensors can respond to
changes in the concentration of glucose in the solutions, but in each
concentration, the current value measured by the biosensor prepared from the
surface-functionalized silver conductive ink functional material is much greater
than that of the contrast system, indicating that the sensitivity of the sensor can
be improved by using the surface-functionalized silver conductive ink functional
material.

4. Conclusion
17
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The above experiments show that the biological electrode made from the
conductive ink prepared from the conductive ink functional material of the
present disclsoure has higher electron transmission efficiency, the electrode area
can be decreased without reducing the signal intensity, and the purpose of
reducing the size of the biosensor is achieved. Meanwhile, the obtained
biosensor can detect biological substances at lower working voltage.

Examples of the functionalized conductive ink are also described in the
embodiments of the present disclosure.

Example 6 of the present disclosure: Functionalized conductive ink:

A functionalized conductive ink is prepared from a conductive ink

functional material (namely a surface-functionalized silver nanoparticle

C}»@
OOy AN;OFG

Q ), water, diethylene

glycol, and glycerol, where ¢ is polyvinylpyrrolidone with a molecular weight
(Mn) of 3,000 g/mol.

A specific preparation method of the conductive ink functional material
includes: adding a silver nanoparticle to a solvent for full dissolution by

ultrasonic ~ treatment; adding a  surface-functionalized  molecule

H F
SNV S
4 0 , Where the mass ratio of the silver nanoparticle to the
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room temperature for 8 hours; after the reaction was completed, conducting

was 1,000 : 1; conducting stirring for a reaction at

centrifugation at 10,000 rpm for 5 minutes to separate a solid phase and a liquid
phase; and washing the obtained solid phase for 3 times, and then conducting
vacuum drying.

Example 7: Functionalized conductive ink:

A functionalized conductive ink is prepared from a conductive ink

functional material (namely a surface-functionalized gold nanoparticle

S \5%\%:‘@6 Lt
HO3S\©/F6'?\‘§“‘(\%HﬁSQSQTrH%H\[’/@’Fe\é,S%H

SO;H

), water,
diethylene glycol, and glycerol, where ¢ is polyacrylic acid with a molecular
weight (Mn) of 1,000 g/mol.

Example 8: Functionalized conductive ink:

A functionalized conductive ink is prepared from a conductive ink

functional material (namely a surface-functionalized palladium nanoparticle

19



10

SO,H

D

HOsS L
-0~

S
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O
H03 SOgH
H03$\©’Fe Cre
\@sosH ),  water,

diethylene glycol, and glycerol, where ¢ is polyethylene glycol with a
molecular weight (Mn) of 60,000 g/mol.

A specific preparation method of the conductive ink functional material
includes: adding a palladium nanoparticle to a solvent for full dissolution by

ultrasonic ~ treatment; adding a  surface-functionalized  molecule

HS o
~(/\o);\/ @ﬁsow
Fe SO;zH
<4 \\@/ , where the mass ratio of the palladium
HS o
\</\o);\/ \©\503H
Fe SO;H
©4 \@ was 1 © 10; conducting

stirring for a reaction at room temperature for 8 hours; after the reaction was

nanoparticle to the

completed, conducting centrifugation at 10,000 rpm for 1 minute to separate a
solid phase and a liquid phase; and washing the obtained solid phase for 3 times,
and then conducting vacuum drying.

Example 9: Functionalized conductive ink:

A functionalized conductive ink is prepared from a conductive ink

20



functional material (namely a surface-functionalized gold nanoparticle

0o, CHs
0}

1O

Fe
N

o s/ Ve o ¢
Hsc\o \/ S cl
e e WU
b °a TG
O c®
), water, diethylene

glycol, and glycerol, where ¢ is polymethyl acrylate with a molecular weight

\I\)@(’

(Mn) of 800,000 g/mol.
5 Example 10: Functionalized conductive ink:
A functionalized conductive ink is prepared from a conductive ink

functional material (namely a surface-functionalized platinum nanoparticle

o

®°

/@ Fe@NT
(}Lﬁ/\@’FeC )—wz = QS -

)
(" S\C
NS
Fe
Oeee

) ), water,
diethylene glycol, and glycerol, where ¢ is a polyurethane-acrylate copolymer

10 with a molecular weight (Mn) of 150,000 g/mol.

Example 11: Preparation of the functionalized conductive ink in Example

The silver conductive ink functional material

21
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Fe

@ and the water were

mixed at a ratio of 0.1 g: 1 mL and subjected to ultrasonic treatment under the
condition of an ice water bath. The diethylene glycol and the glycerol were
added for adjusting the viscosity to 12 CPS, so as to obtain a functionalized
conductive ink. Then the functionalized conductive ink was filtered and stored
for later use.

Example 12: Preparation of the functionalized conductive ink in Example

The gold conductive ink functional material

Njé@(je‘“_@/som

\(\K:{NQ‘, L b
Hoas\@Fe%nﬁnﬁsQS%n %H lf?’FeésosH

were mixed at a ratio of 0.25 g: 1 mL and subjected to ultrasonic treatment. The

and the water

diethylene glycol and the glycerol were added for adjusting the viscosity to 20
CPS, so as to obtain a functionalized conductive ink. Then the functionalized
conductive ink was filtered and stored for later use.

Example 13: Preparation of the functionalized conductive ink in Example
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The palladium conductive ink functional material

SO,H

D

HOsS L.

-8

s\(y\{’
é s
A O

b A

HO,S ~Fe Fe
@ > \®S°3H and the

water were mixed at a ratio of 0.40 g: 1 mL and subjected to ultrasonic treatment.
The diethylene glycol and the glycerol were added for adjusting the viscosity to
200 CPS, so as to obtain a functionalized conductive ink. Then the
functionalized conductive ink was filtered and stored for later use.

Example 14: Application of the functionalized conductive ink in Example 6
to a biosensor, as shown in FIG. 3:

Three electrodes of a biosensor were prepared by printing with a general
conductive ink first. An Ag/AgCl reference electrode material was placed on the
left electrode. Next, the middle electrode was completely covered with the
functionalized conductive ink in Example 1 by an inkjet printing method,
subjected to drying, and placed in a drying oven for heat curing at a temperature
of 100 ‘C for 1 hour. After that, a glucose oxidase solution with a concentration
of 5% by mass percentage was dropped on the surface of the electrode, and

subjected to drying. Then, the sensor was placed in a vapor environment of
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glutaraldehyde for crosslinking of glucose oxidase, so as to prepare a working
electrode. The rest one blank electrode was used to form a counter electrode.

Example 15: Application of the functionalized conductive ink in Example 7
to a biosensor:

A PET substrate was covered with a circuit structure of a biosensor by
printing with a general conductive ink first to prepare a biosensor circuit. Next,
the functionalized conductive ink was injected into an ink box of a DMP-2831
printer, and an electrode was prepared on the biosensor circuit, subjected to
drying, and placed in a drying oven for heat curing at a temperature of 80 C
for 2 hours. Then, a glucose oxidase solution with a concentration of 5% by
mass percentage was dropped on the surface of the electrode, and subjected to
drying, so as to form a working electrode.

Example 16: Application of the functionalized conductive ink in Example 8
to a biosensor:

Electrodes of a biosensor were prepared by printing with a general
conductive ink first. Next, one electrode was completely covered with the
functionalized conductive ink by a micro-dropping method, subjected to drying,
and placed in a drying oven for heat curing at a temperature of 70 °‘C for 4
hours. Then, a glucose oxidase-containing solution was dropped on the surface
of the electrode, and subjected to drying, so as to form a working electrode.

Example 17: Application of the functionalized conductive ink in Example 9
to a biosensor, as shown in FIG. 3:

Three electrodes of a biosensor were prepared by printing with a general
24
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conductive ink first. An Ag/AgCl reference electrode material was placed on the
left electrode. Next, the middle electrode was completely covered with the
functionalized conductive ink by a micro-dropping method, and subjected to
drying, followed by NIR photocuring (at 800 nm to 1,200 nm and 1 mW/m? for
30 seconds). Then, a glucose oxidase-containing solution was dropped on the
surface of the electrode, and subjected to drying, so as to form a working
electrode.

Example 18: Application of the functionalized conductive ink in Example
10 to a biosensor:

Electrodes of a biosensor were prepared by printing with a general
conductive ink first. Next, one electrode was completely covered with the
functionalized conductive ink by inkjet printing, and subjected to drying,
followed by NIR photocuring (at 800 nm to 1,200 nm and 0.1 mW/m? for 60
seconds). Then, a glucose oxidase solution with a concentration of 5% by mass
percentage was dropped on the surface of the electrode, and subjected to drying,
so as to form a working electrode.

In order to verify the effect of the present disclosure, comparative tests of
properties of products are also carried out by the inventor. A conductive ink for
comparison is prepared, and made into biosensors with the functionalized
conductive ink in Example 1 respectively. Then properties of the biosensors are
compared.

Experimental Example:

Comparative experiments of properties of biosensors
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1. Experimental materials:

The functionalized conductive ink in Example 1 and a biosensor made by
printing were used.

Comparative example: A conductive ink was prepared from a silver
conductive ink material without surface functionalization, and then a glucose
biosensor was made by printing.

The two biosensors in comparative experiments are nearly the same in the
thickness of conductive layers and the roughness of surfaces, are consistent in
the use amount of enzymes on working electrodes and the morphology and size
of enzyme layers, and are the same in the thickness of HPU films.

2. Comparative experiment of the working voltage of biosensors

The two biosensors were placed in a 100 mg/dL glucose solution, and
cyclic voltammetry curves were measured. Results are as shown in FIG. 1.

From the figure, it can be seen that the glucose biosensor prepared from the
silver conductive ink without functionalization (contrast system) reaches a
maximum current value at a working voltage of 680 mV, while the sensor
prepared from the functionalized silver conductive ink can reach a maximum
current value at 320 mV, which is far less than the working voltage of the
contrast system. The lower working voltage indicates that fewer interfering
substances are involved in a reaction. Therefore, the glucose sensor prepared
from the functionalized silver conductive ink has a better anti-interference
ability.

From FIG. 1, it can also be seen that in the same concentration of the
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glucose solution, the glucose sensor prepared from the functionalized silver
conductive ink has a detectable maximum current of 550 nA, which is more than
four times that of the contrast system (120 nA), indicating that the charge
transfer efficiency of an enzyme electrode can be significantly improved while
the working voltage is reduced, and that is to say, the sensitivity of the sensor is
improved.

In addition, the biosensors monitor biological substances by measuring the
current generated. According to the data in FIG. 1, the following results can be
obtained: when the electrodes are nearly the same in area and surface roughness
(namely, nearly same total surface area), the electric quantity expressed as 550
nA + 120 nA = 4.6 times can be generated when the functionalized conductive
ink is used. That is to say, when the electrode is prepared from the
functionalized conductive ink, the current intensity of the electrode prepared
from the conductive ink material without functionalization can be obtained by
using only 1/4.6 of the electrode area.

3. Comparative experiment of the working current of biosensors

The two biosensors were placed in a 50 mg/dL glucose solution, a 100
mg/dL glucose solution, and a 200 mg/dL glucose solution in sequence, and then
current signals of the two biosensors were measured. In the experiment, the
biosensor prepared from the functionalized silver conductive ink was set to have
a working voltage of 320 mV, and the contrast system was set to have a working
voltage of 680 mV. Results are as shown in FIG. 2.

From the figure, it can be seen that the two biosensors can respond to
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changes in the concentration of glucose in the solutions, but in each
concentration, the current value measured by the biosensor prepared from the
functionalized silver conductive ink is much greater than that of the contrast
system, indicating that the sensitivity of the sensor can be improved by using the
functionalized silver conductive ink.

4. Conclusion

The above experiments show that the biological electrode prepared from
the functionalized conductive ink of the present disclosure has higher electron
transmission efficiency, the electrode area can be decreased without reducing the
signal intensity, and the purpose of reducing the size of the biosensor is achieved.
Meanwhile, the obtained biosensor can detect biological substances at lower
working voltage.

Although the present disclosure has been described in detail with respect to
the previously described embodiments, it should be appreciated by one skilled in
art that the technical solutions recorded in the embodiments may be still
modified, or a part of technical features may be replaced with equivalents; and
such modifications or substitutions do not deviate the nature of the technical
solutions from the spirit and scope of the technical solutions of the various

embodiments in the present disclosure.
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WHAT IS CLAIMED IS:
I. A conductive ink functional material, wherein the conductive ink
functional material is a surface-functionalized metal nanoparticle having a

structure as shown in a formula I:
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Q is a metal nanoparticle; D is a medium structure; ¢ is a

protective agent; and R is an organic structure consisting of C, N, O and H.

10 2. The conductive ink functional material according to claim 1, wherein the
medium structure is an organic complex of iron; and the R; is selected from a
linear/branched/cyclic  hydrocarbyl, an organic structure containing
lipid/ether/amide/quaternary ammonium group/polyethylene glycol, or any
combination of the hydrocarbyl and the organic structure.

15 3. The conductive ink functional material according to claim 2, wherein the
medium structure is ferrocene or a derivative thereof having the following

structural formula:
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, X1, Xz, X3, X4, X1', Xz', X3', X4', and Xs' are

independently selected from one of the following groups:
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, and Ru, R3, Ry,
and Rs are a structure consisting of H, a linear/branched/cyclic hydrocarbyl, and
5  agroup containing lipid/ether.
4. The conductive ink functional material according to claim 2, wherein the
Ry is selected from the following structures or any combination thereof:

(0]
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H
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n * * @ ) *
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H
(o) * * *
*/\n/ ~ V\OKVNT
o O |, nis an integer ranging from 1 to 10,

and Rs and R7 are H or a linear/branched/cyclic hydrocarbyl.
10 5. The conductive ink functional material according to claim 1, wherein the
metal is one of Ag, Au, Cu, Zn, Ni, Co, Pd, Pt, Zr, Cr, Ru, Os, Ir, Sn, Pb, Al, Mo,

and W; and the protective agent is one of polymers with the following structures
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and has a molecular weight of 500-1,000,000:

O~ 0. o8
O}3—+*
AJJ\/I’ T **\—I}‘
* *
' noF " N, and R is a structure consisting of H, a

linear/branched/cyclic hydrocarbyl, and a group containing lipid/ether.

6. The conductive ink functional material according to claim 5, wherein the
metal is Ag, Au, Pd, or Pt; and the protective agent is one of
polyvinylpyrrolidone, polyacrylic acid, polyacrylate, and polyethylene glycol,
and has a molecular weight of 1,000-10,000.

7. A functionalized conductive ink, wherein the functionalized conductive
ink is prepared from the conductive ink functional material according to any one
of claims 1-6.

8. A preparation method of the conductive ink functional material

according to any one of claims 1-6, wherein a reaction route comprises:

R
Hsf 1“ 0
Ry

—— 5

R
solvent s” 1"(3
protected with a

s
nratective acent ;51 conductive ink functional

¥ - protective Q material
agent

metal nanoparticle

dissolving a metal nanoparticle; adding a surface-functionalized molecule
HS-R;-<2® to an obtained solution; conducting stirring for a reaction at room
temperature; after the reaction is completed, conducting centrifugation at high
speed to separate a solid phase and a liquid phase; and subjecting the obtained

solid phase to washing and vacuum drying to obtain the conductive ink
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functional material.

9. The preparation method of the conductive ink functional material
according to claim 8, wherein

the metal nanoparticle is added to a solvent for full dissolution by
ultrasonic treatment; the surface-functionalized molecule HS-R;- <> is added,
wherein the mass ratio of the metal nanoparticle to the HS-Ri-<= 1s 1,000 : 1
to 1 © 10; stirring is conducted for a reaction at room temperature; after the
reaction is completed, centrifugation is conducted at 10,000 rpm to separate a
solid phase and a liquid phase; and the obtained solid phase is washed for 3
times, and then vacuum drying is conducted to obtain the conductive ink
functional material.

10. The preparation method of the conductive ink functional material
according to claim 9, wherein the mass ratio of the metal nanoparticle to the
HS-Ri-<® is 10 . 1to 1 : 10; the stirring is conducted for a reaction at room
temperature for 8 hours; and after the reaction is completed, the centrifugation is
conducted at 10,000 rpm for 1-5 minutes to separate a solid phase and a liquid
phase.

11. The preparation method of the conductive ink functional material
according to any one of claims 9-10, wherein a preparation method of the metal
nanoparticle comprises: dissolving a metal salt and a protective agent at a mass
ratio of 10 - 1 to 1 2 1,000 in a solvent separately; heating a protective agent
solution to 120 °C, and adding a metal salt solution dropwise under stirring;

after the dropping is completed, conducting stirring continuously for a reaction
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at 120 °‘C for 6 hours, and conducting cooling to room temperature; after the
reaction is completed, conducting washing on an obtained solution for 3 times;
and drying a precipitate at 40 C for 12 hours to obtain the metal nanoparticle.

12. A preparation method of the functionalized conductive ink according to
claim 7, wherein

a conductive ink functional material and water are mixed and subjected to
ultrasonic treatment; diethylene glycol and glycerol are added for adjusting the
viscosity to 5-200 CPS, so as to obtain a functionalized conductive ink
containing the conductive ink functional material with a mass concentration of
5%-40%; and then the functionalized conductive ink is filtered and stored.

13. Application of the functionalized conductive ink according to claim 7 to
a biosensor.

14. The application of the functionalized conductive ink according to claim
13, wherein electrodes of a biosensor are prepared by printing with a general
conductive ink first; next, one electrode is completely covered with the
functionalized conductive ink by an inkjet printing or micro-dropping method,
and subjected to drying, followed by heat curing or NIR photocuring; and then,
a glucose oxidase-containing solution is dropped on the surface of the electrode,
and subjected to drying, so as to form a working electrode.

15. The application of the functionalized conductive ink according to claim
14, wherein the heat curing is conducted at a temperature of 70-100 °C; and the

NIR photocuring is conducted at 800-1,200 nm and 0.1- 2 mW/m?.
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