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The present invention provides a method for manufacturing
platinum nanoparticle solution and a self-assembled plati-
num counter electrode thereof. The present invention adopts
apolyol reduction method and controls the reduction reaction
periods under various pH conditions. After the platinum
nanoparticle dispersion solution of uniformly distributed
platinum nanoparticles having small sizes is produced, the
self-assembled platinum nanoparticles are adsorbed on a
functionalized surface of a conductive substrate by dip coat-
ing at the normal temperature. Therefore, the structure of a
platinum nanoparticle monolayer is formed, to obtain the
self-assembled platinum counter electrode with a homoge-
neous single layer on the surface. This process is much sim-
pler without adding any stabilizers or surfactants, without
involving any subsequent heat treatments, and it consumes
less amount of the platinum material. By employing the
present invention for commercialization, the cost of mass
production for the dye-sensitized solar cell application is thus
reduced.
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An H2PtCl/EG polyol
solution 1s provided. 15410

The polyol solution is
heated to 100-120°C with
the reduction kinetics going
for 2-5 hours, and by 5420
adding NaOH to control the
pH condition of the
solution to be 2.7-4.9 so as
to fabricate the platinum
nanoparticle solution.
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METHOD FOR MANUFACTURING
PLATINUM NANOPARTICLE SOLUTION
AND SELF-ASSEMBLED PLATINUM
COUNTER ELECTRODE THEREOF

[0001] This application claims priority for Taiwan patent
applicationno. 103112479 filed at Apr. 3, 2014, the content of
which is incorporated by reference in its entirely.

BACKGROUND OF THE INVENTION

[0002] 1.Field of the Invention

[0003] The present invention relates to a manufacturing
method for platinum counter electrode applicable to dye-
sensitized solar cells (DSSC), and more particularly to a
method that comprises polyol reduction to fabricate platinum
nanoparticle solution first and dip-coating a conductive sub-
strate in the solution at low temperature thereof to manufac-
ture a self-assembled platinum counter electrode.

[0004] 2. Description of the Prior Art

[0005] Dye-sensitized solar cells (DSSC) are promising
devices for energy conversion to generate clean renewable
energy and to diminish emissions of greenhouse gases with
the advantages of low cost, simple processing and efficient
performance. Overall, platinum electrode is considered to be
the most promising component to give record device effi-
ciency of power conversion because of its great catalytic
activity. However, since pure platinum is very expensive,
alternative materials, for example, platinized counter elec-
trode (CE) formed on a substrate that is advantageous of
being easily made and adopted to afford mass production are
thus proposed nowadays in order to replace the pure platinum
electrode so as to save the production cost and become widely
used in the market.

[0006] In tradition, to prepare a thin layer of platinum on a
transparent conducting oxide (TCO) substrate as CE, several
strategies including thermal deposition (TD), sputtering
deposition (SD), and chemical reduction method have been
applied. However, TD requires subsequent annealing at a
high temperature such as 385° C., which makes it infeasible
for flexible devices; SD requires processing under an ultra-
high vacuum condition with much Pt wasted in the chamber,
which makes it unfavorable for mass production. Chemical
reduction must be in process of adequate stabilizer involved,
such as polyvinyl pyrrolidone (PVP) or other surfactant or
protective agent in order to stabilize the reduction kinetics
and lower its reaction rate such that no particle aggregation
will be formed. Although the use of stabilizer may result in
less consumption of precious metal, nevertheless, additional
post-heating steps must be utilized to remove these stabilizers
which may be attached to a surface of the electrode substrate,
such that metal particles can be adhesive to the electrode
substrate more tightly without any stabilizers in between, and
the conventional issues that series resistance may go up and
power efficiency may be lowered will be avoided. However, it
shall be noticed that after the post-heating steps are adopted,
a distribution of Pt nanostructure is not formed homoge-
neously and uniformly, but aggregated to form a plurality of
islands, which may cause a huge waste of precious metal,
thereby resulting in high production cost. Meanwhile, the
post-heating treatment is not only time and money consum-
ing, but also inapplicable to mechanical rigidity (adhesive
strength) to improve the enduring stability, especially for
flexible devices. On account of above, it should be obvious
that there is indeed an urgent need for the professionals in the
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field for a new manufacturing method to be developed that
can effectively solve those above mentioned problem occur-
ring in the prior design.

SUMMARY OF THE INVENTION

[0007] In order to overcome the above-mentioned disad-
vantages, one major objective in accordance with the present
invention is provided for a method for manufacturing plati-
num nanoparticle solution and self-assembled platinum
counter electrode thereof. By simply utilizing a quite mild
method, which is a polyol reduction method, the present
invention can control the rate for the reduction reaction
merely under varied pH conditions without using any stabi-
lizer which was needed in the prior arts. Therefore, a disper-
sive solution containing small-sized platinum nanoparticles
with uniform size distribution is fabricated. Afterwards, by
dip coating a conductive substrate in the solution at normal
temperature, the self-assembled platinum nanoparticles are
adsorbed on a clean surface of the substrate to form a mono-
layer of platinum nanoparticles and obtain the self-assembled
platinum counter electrode with a homogeneous single layer
on the surface. The method of the present invention is ben-
eficial to be applicable to the use for DSSC and, as required
for commercialization also suitable for many other energy-
related applications such as fuel cells that require platinum as
an efficient catalyst to expedite the oxygen reduction reac-
tions (ORR).

[0008] For achieving the above mentioned objectives, the
present invention provides a method for manufacturing plati-
num nanoparticle solution. The method is involved with
polyol reduction, which utilizes ethylene glycol (EG) to dis-
solve H,PtCl; and create the H,PtCI,/EG polyol solution as
precursor. The solution is then gradually heated to 100-120°
C. and with the reduction periods of 2~5 hours. Meanwhile,
by adding NaOH to adjust pH condition of the solution, the
reduction kinetics can be well controlled. When the pH con-
dition of the polyol solution is adjusted between 2.7 and 4.9,
an ideal platinum nanoparticle solution of the present inven-
tion is formed, which is composed of homogeneously and
uniformly distributed Pt nanoparticles, performing great sta-
bility and showing no aggregation.

[0009] On the other hand, the present invention further
provides a method for manufacturing a self-assembled plati-
num counter electrode. The self-assembled platinum counter
electrode is fabricated by dip coating a conductive substrate
whose surface had been functionalized and modified before-
hand, into the previously disclosed platinum nanoparticle
solution under normal temperatures. By doing so, a mono-
layer of small-size platinum nanoparticles are adsorbed and
uniformly distributed on the surface of the conductive sub-
strate and the self-assembled platinum counter electrode with
a homogeneous single layer on the surface is formed.

[0010] On the contrary, since stabilizer was a must in the
prior design method, the reactive efficiency will accordingly
be affected and decreased due to the stabilizer/residues
remaining in the dispersive Pt solution. As a result, since the
self-assembled platinum monolayer (SAM-Pt) surface of the
platinum counter electrode is clean and surfactant-free. the
present invention can be effectively used to solve the prior
issue when stabilizer had to be used, and thus to activate the
iodine reduction reaction (IRR) activity which converts the
triiodide anions (I;7) into iodide anions (I7) at the CE/elec-
trolyte interface to provide sufficient I~ species to regenerate
the oxidized dye molecules. Moreover, since the Pt loading in
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the self-assembled platinum counter electrode of the present
invention is minimized and no subsequent annealing steps
need to be used, the present invention is beneficial to save
production cost and to show a great potential for DSSC com-
mercialization.

[0011] These and other objectives of the present invention
will become obvious to those of ordinary skill in the art after
reading the following detailed description of preferred
embodiments.

[0012] Ttistobe understood that both the foregoing general
description and the following detailed description are exem-
plary, and are intended to provide further explanation of the
invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The accompanying drawings are included to pro-
vide a further understanding of the invention, and are incor-
porated in and constitute a part of this specification. The
drawings illustrate embodiments of the invention and,
together with the description, serve to explain the principles
of the invention. In the drawings:

[0014] FIG. 1 shows a flow chart of manufacturing method
for self-assembled platinum counter electrode in accordance
with one embodiment of the present invention.

[0015] FIG. 2 shows a flow chart of manufacturing method
for platinum nanoparticle solution in accordance with one
embodiment of the present invention.

[0016] FIGS. 3A-3F show the surface morphologies
observed by Scanning Electron Microscope (SEM) of the
TCO substrates decorated with Pt NP solutions prepared at
pH 1.5,2.0,2.7,3.7, 4.9 and 5.6, respectively.

[0017] FIG. 4 shows an EDS mapping image of elemental
Pt in accordance with one embodiment of the present inven-
tion.

[0018] FIG. 5 shows UV/Visible absorption spectra of the
polyol reactive solutions under varied pH conditions as 1.5,
2.0,2.7,3.7,4.9 and 5.6, respectively.

[0019] FIG. 6 shows UV/Visible absorption spectra of the
polyol reactive solution having pH3.7 under varied tempera-
tures and time, respectively.

[0020] FIGS. 7A-7E show high-resolution transmission
electron microscope (HRTEM) images of the SAM-PY/FTO
CE fabricated at different magnifications with one embodi-
ment of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0021] Reference will now be made in detail to the pre-
ferred embodiments of the present invention, examples of
which are illustrated in the accompanying drawings. Wher-
ever possible, the same reference numbers are used in the
drawings and the description to refer to the same or like parts.
[0022] The present invention discloses a method for manu-
facturing platinum nanoparticle solution and self-assembled
platinum counter electrode thereof, which adopts a polyol
reduction method under varied pH conditions to control its
rate for the reduction reaction, and records how the reaction
goes by simply measuring pH and UV/Visible absorption
spectra of the polyol solution. The present invention success-
fully provides an effective manufacturing method for the
dispersion solution containing platinum nanoparticles having
the best and most uniformly distributed platinum nanopar-
ticles ever. Afterwards, the self-assembled platinum nanopar-
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ticles are adsorbed on a functionalized surface ofa conductive
substrate by dip coating at the normal temperature so as to
form a monolayer of platinum nanoparticles and obtain the
self-assembled platinum counter electrode with a homoge-
neous single layer on the surface. Since the manufacturing
method of the present invention is not involved with any
stabilizers, protective agents or surfactants, subsequent heat
treatments are unnecessary. It is therefore beneficial to main-
tain a large active surface for great catalytic activity and as a
result can be used to show extraordinary photovoltaic and
electrochemical characteristics compared to the prior arts.

[0023] The embodiments described below are illustrated to
demonstrate the technical contents and characteristics of the
presentinvention and to enable the persons skilled in the art to
understand, make, and use the present invention. However, it
shall be noticed that, it is not intended to limit the scope of the
present invention. Therefore, any equivalent modification or
variation according to the spirit of the present invention is to
be also included within the scope of the present invention.

[0024] Please refer to FIG. 1, which shows a flow chart of
manufacturing method for self-assembled platinum counter
electrode in accordance with one embodiment of the present
invention. As shown in FIG. 1, the manufacturing method
comprises steps of S100, S200, S300, S400 and S500. In
S100, a conductive substrate, for example, a glass substrate or
a flexible plastic substrate is provided. The glass substrate
may be Fluorine-doped tin oxide (FTO)—glass. The flexible
plastic substrate may be Indium Tin Oxide-PEN (ITO-PEN)
or Indium Tin Oxide-PET (ITO-PET). S200 and S300 are
then performed to functionalize and modify a surface of the
conductive substrate. At the step 0f S200, a superacid solution
made of H,50,:H,0,=4:1 as Carro’s acid or Piranha etch is
provided. The conductive substrate is dipped into the super-
acid solution for 3 minutes. Later, deionized water is applied
to wash the surface of the conductive substrate and a nitrogen
gun is then applied to dry the surface. In general, the step
S200 makes the surface of the conductive substrate more
hydrophilic such that the surface can be covered with an
active hydroxyl group (—OH) to show an OH-modified sur-
face. By measuring the contact angles of water on the con-
ductive substrate, it apparently shows that the contact angles
decrease because of an increased hydrophilic property of the
surface after the active hydroxyl group (—OH) grows. In one
embodiment, the step S200 is optional when the conductive
substrate 1s a flexible conductive plastic substrate.

[0025] Next, inthe step of S300, the hydrophilic substrateis
treated with a bifunctional-organosilane compound of which
one side contains a functional group such as —NH,, —SH,
—OH or —COOH, and the other side contains a Si—O—Si
bond to form a densely packed silane SAM on the surface of
the conductive substrate. According to the embodiment of the
present invention, the OH-modified substrate in S200 is then
dipped into a solution containing 3-mercaptopropyl (tri-
methoxysilane) (MPTMS, 0.56 M) inethanol at 295 K for one
hour. Later, those MPTMS molecules which are not attached
to the substrate will be washed away and a nitrogen gun is
applied again to dry the surface. At the step of $300, a thiol-
functionalized silane SAM film on the substrate is created.
After this treatment, the contact angle of water on the con-
ductive surface increases because of a decreased hydrophilic
property of the surface since the thiol-funtionalized (SH-
modified) substrate is formed, which in turn confirms the
formation of a dense MPTMS monolayer successfully
formed on the conductive substrate.
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[0026] As for the following step of S400, please refer to
FIG. 2, which shows a flow chart of manufacturing method
for platinum nanoparticle solution in accordance with one
embodiment of the present invention. According to the
embodiment of the present invention, the manufacturing
method adopts a polyol reduction method under varied pH
conditions to control its rate for the reduction reaction with-
out using any stabilizers, and the method comprises steps of
S410 and S420.In S410, ethylene glycol (EG)is provided and
used in the polyol approach to serve as not only a solvent to
dissolve H,PtCl but also a gentle reducing agent to produce
the required Pt nanoparticles (NP) with uniform size. There-
fore, an H,PtCl/EG solution is formed in the step of S410.
Next, in the step of S420, the H,PtCl/EG solution, as pre-
cursor, is gradually heated to 100~120° C. (most preferable at
110 ° C.) under Argon gas and with the reduction kinetics
going for 2-5hours (most preferable for 4 hours) controlled in
a process of adding 6.23x107> M NaOH/EG solution. By
adding NaOH/EG solution and adjusting pH condition of the
H,PtCI/EG solution, the rate of the reduction kinetics can be
well controlled. UV/Visible absorption spectra of the polyol
solution are provided later to record and prove how the reduc-
tion reaction goes. According to the embodiment of the
present invention, when the pH condition of the H,PtC1/EG
solution is adjusted between 2.7 to 4.9, the reduction rate of
H,PtCl, can be effectively retarded under high pH conditions.
Overall, when the pH value reaches nearly 3.7 which is the
optimum condition for the reduction reaction, a mono-dis-
persed platinum NP solution with the particle sizes smaller
than 3 nm and uniformly distributed in the EG solution is thus
obtained. According to the present invention, the Pt nanopar-
ticles in the dispersion solution of the embodiment can be
separate for more than one month, showing no aggregation
and meanwhile providing high repeatability in use.

[0027] Finally, after the platinum nanoparticle dispersion
solution containing uniformly distributed platinum nanopar-
ticles with small particle sizes is prepared, the conductive
substrate with its thiol-funtionalized (SH-modified) surface is
dipped into the platinum nanoparticle dispersion solution at
normal temperature (e.g. at 295 K) as shown in the step of
S500. As a result, the self-assembled platinum nanoparticles
are adsorbed on the functionalized surface of the conductive
substrate to form a monolayer of platinum nanoparticles.
After 8-24 hours (most preferable, 15 hours) of dipping, pure
EG solvent is applied to rinse the substrate to ensure forma-
tion of monolayer of platinum nanoparticles on the surface.
Therefore, a self-assembled platinum counter electrode with
a homogeneous single layer on the clean surface is obtained.

[0028] According to the embodiment of the present inven-
tion, the key to produce a clean surfactant-free self-assembled
platinum monolayer (SAM-Pt) surface with enhanced iodine
reduction reaction (IRR) activity is to control the size of the Pt
NP with sufficient uniformity in the polyol solution. In the
present invention, the pH of the H,PtCl/EG solution is
adjusted ina range of 1.5-5.6to control the formation of Pt NP
and to avoid the aggregation of Pt NP in the solution. Specifi-
cally, the H,PtCl/EG solution, as precursor is provided to
have a concentration at 5 mM and a volume of 3 ml; NaOH/
EG solution having a concentration of 6.23x107>M and a
volume of x ml is added to adjust pH of the H,PtCI/EG
solution; and a volume of (27-x) ml EG is added finally to
produce a reactive solution with a final volume 30 ml. As x
increases in a range from 0, 1.2, 1.5, 1.8, 3 to 3.75, the pH
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value of the reactive solution will vary from 1.5 (no NaOH is
added), 2.0, 2.7,3.7, 4.9 t0 5.6.

[0029] Pleasereferto FIGS. 3A-3F, which show the surface
morphologies observed by Scanning FElectron Microscope
(SEM) of the TCO substrates decorated with Pt NP solutions
prepared atpH 1.5, 2.0, 2.7,3.7, 4.9 and 5.6, respectively. By
analyzing the experimental results, it is obvious that the pH of
the solution plays an important role to control both the for-
mation and the size of Pt NP and to avoid the aggregation of
Pt NP in the solution. The effect of pH on formation of Pt NP
was easily observed and confirmed with these FIGS. 3A-3F.
For example, as shown in FIG. 3A, at pH without added base,
the Pt’” species was rapidly reduced to Pt°, and an uniform
growth of crystals was difficult to generate in that condition.
As a result, irregular nanoclusters formed through agglom-
eration of Pt NP with uneven coverage on the surface of the
TCO substrate. As for FIG. 3B, at pH 2.0, the Pt nanoclusters
became smaller and aggregated to form a branch-like struc-
ture; the size distribution and the surface coverage were,
however, still poor. When pH was increased to 2.7 as shown in
FIG. 3C, the Pt nanoparticles started to behave more stable.
When the pH was further increased to 3.7 as shown in FIG.
3D, an uniform morphology of Pt NP with particle size less
than 10 nm was observed, which is consistent with the EDS
mapping image of elemental Pt (FIG. 4) showing a well
dispersed coverage of SAM-Pt on the TCO surface. As the pH
was increased to 4.9 and 5.6, the formation of Pt NP on TCO
was scarcely observable in the SEM images (FIG. 3E and
FIG. 3F), because the reduction rate became very slow with
NaOH at such a large concentration. The effect of pH on
formation of Pt NP can also be observed and confirmed from
FIG. 5, which shows UV/Visible absorption spectra of the
polyol reactive solutions under varied pH conditions as pre-
viously indicated. The kinetics of the reduction is complete
when the absorbance equals to 0.1.

[0030] Meanwhile, please refer to FIG. 6, which shows
UV/Visible absorption spectra of the polyol reactive solution
under pH 3.7. In FIG. 6, two parts including part (a) and part
(b) are provided. In part (a), it shows UV/Visible absorption
spectra of the polyol reactive solution under different tem-
peratures, which are 82° C., 99° C., 107° C. and 110° C.,
respectively. While in part (b), it shows UV/Visible absorp-
tion spectra of the polyol reactive solution at 110° C. under
different reaction periods, which are 60 minutes, 120 min-
utes, 180 minutes and 240 minutes, respectively. From these
experimental results provided, it is well proved that the opti-
mum condition for polyol reduction of the present invention
is—the polyol solution with pH 3.7 is heated to 110° C. and
the reduction maintained at this temperature for 4 fours. To
summarize, the kinetics for polyol reduction comprises two
stages: (1) forming nanoclusters or nanoparticles when the
precursor was heated from normal temperature to 110° C;
and (2) growing crystals when the reduction reaction contin-
ues to proceed for 4 hours at the temperature of 110° C.

[0031] Moreover, in order to prove the formation of a real
self-assembled monolayer of Pt NP on TCO surface, the
present invention examined the surface morphology of the
SAM-Pt/FTO substrate using a high-resolution transmission
electron microscope (HRTEM). FIGS. 7A-TE show HRTEM
images at different magnifications for the SAM-Pt/FTO CE
fabricated according to the approach above-mentioned (pH
3.7). TEM images of the SAM-Pt counter electrodes fabri-
cated under the pH 3.7 condition show a uniform spherical
morphology of the Pt nanocrystals self-assembled on rough
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surface of TCO. The scale bars in FIGS. 7A-7D represent (a)
100 nm, (b) 20 nm, (¢) 10 nm and (d) 2 nm, respectively. FIG.
7E with a scale bar 0.2 nm further shows a close look of the
dotted area of FIG. 7D. From all these figures showing the
(111) facets of Pt lattice, especially FIGS. 7D-7E, it is
believed that, the fine structure of the Pt lattice with distance
0.23 nm between the (111) facets is well formed. Moreover,
FIG. 7E proves the fine lattice structure of the Pt NP, indicat-
ing the distance between the adjacent lattice fringes to be 0.23
nm, which agrees with the interplanar spacing of the {111}
facets in the platinum lattice. Since it is reported that Pt(111)
plays an important role to affect the catalytic function of IRR
through the binding ability of the triiodide species (17/1,7) on
the surface of Pt(111), the size of Pt NP is controlled to such
asmall scale, ~3 nm, that is beneficial to maximize the surface
area for great catalytic performance with less Pt loading, as
required for commercialization.

[0032] Besides, since Pt nanocrystals with greater portions
of exposed facet {111 }, protective agents or other stabilizers
may exhibit enhanced activity and stability for IRR, the clean
surfaces of the prepared Pt NP is very critical. According to
the SAM approach disclosed above, the manufacturing meth-
ods the present invention discloses to fabricate the self-as-
sembled platinum counter electrode have the advantages to
produce a pure clean surface thereby preventing the hin-
drance of the capping agents between Pt atoms and triiodide
anions, so as to avoid the hindrance during charge transfer and
to effectively enhance the activity for IRR when the SAM-Pt
material is used as a CE for DSSC.

[0033] Furthermore, an inductively coupled plasma mass
spectrometer (ICP-MS) is also used to detect the amount of Pt
loading of the present invention, since the Pt loading on the
TCO substrate is also an important factor to consider for the
future commercialization of DSSC. From the ICP-MS
results, it shows the Pt loading in the self-assembled platinum
counter electrode of the present invention is very low (espe-
cially under the optimum condition, pH=3.7) which saves
20% of the Pt used in comparison with that using the conven-
tional thermal decomposition method. Therefore, the produc-
tion cost of the present invention can be reduced by one-fifth
with respect to the cost using the conventional thermal
decomposition method. The excellent device performance of
the present invention with a minimum Pt loading also recom-
mends the monolayer-deposited SAM-Pt materials to have a
great opportunity as potential CE for commercialization.
[0034] Below, a few experimental results are provided to
prove the extraordinary photovoltaic and electrochemical
performances of the DSSC devices fabricated using plati-
nized counter electrodes of the present invention compared to
the prior arts. TD stands for the Pt CE fabricated using the
techniques of thermal decomposition; SAM stands for the Pt
CE fabricated using the techniques of the present invention;
and CED stands for the Pt CE fabricated using the techniques
of cyclic electrodeposition.

[0035] Please refer to Table 1, which shows photovoltaic
and EIS parameters of DSSC devices fabricated with Z907
dye and varied platinized counter electrodes (Pt CE) under
TD, SAM, and CED deposited on either a fluorine doped tin
oxide (FTO) or an indium tin oxide (ITO) glass substrate,
respectively. I represents a short-circuit current density;
V o represents an open-circuit voltage; FF represents a fill
factor; and m represents efficiencies of power conversion
from light to electricity. As shown in Table 1, it proves that,
the DSSC devices prepared according to the SAM-Pt method
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of the present invention attains notable photovoltaic perfor-
mance (N=9.2%) comparable to those fabricated with a con-
ventional TD method (m=9.1%) or a CED method (1=9.3%)
under the same experimental conditions.

TABLE 1
Counter % Voo n
Electrode mA cm™2 mV FF %
TD/FTO 17.2 765 0.691 9.1
SAM/FTO 17.2 770 0.682 9.0
CED/ITO 17.1 774 0.701 9.3
SAM/ITO 17.4 764 0.691 9.2

[0036] Table 2 shows resistant parameters of electrodes
with varied platinized counter electrodes (Pt CE) under TD,
SAM, and CED deposited on either a fluorine doped tin oxide
(FTO) or an indium tin oxide (ITO) glass substrate, respec-
tively. R, represents an internal resistance of the cell, which
comprises resistance of the conductive substrate and its outer
circuit. R, represents a charge transfer resistance, which is
contributed from reduction reaction caused by the triiodide
anions at the counter electrode/electrolyte interface. The
experimental results of Table 2 prove that either SAM/FTO or
SAM/ITO is beneficial to enhance the efficiencies for iodine
reductionreactionbecause R, of SAM/FTO canbe decreased
to 3.3 Q while that of TD/FTO is still up high to 4.0 Q. Also,
alow R, of SAM/FTO makes it favorable to proceed charge
transfer as well. As a result, it is self-evident that SAM/FTO
can not only show almost the same catalyst activity as
TD/FTO, but also because of its low-temperature process,
SAM canbe applied to many other ITO materials and flexible
substrates too, since these two were believed to be thermally
unsustainable and lack of high-temperature endurances.
Besides, while compared to CED/ITO, a large Pt loading was
required for the CE generated with the CED method. It is
obvious that either SAM/FTO or SAM/ITO of the present
invention is believed to be able to show great catalytic per-
formance, nevertheless in a less amount of Pt loading, thereby
becoming much more competitive and advantageous for cost-
effective mass production and commercialization.

TABLE 2
Counter R/ R,/
Electrodel®] Q Q
TD/FTO 15.2 4.0
SAM/FTO 14.7 33
CED/ITO 105 2.3
SAM/ITO 10.7 37

[0037] To sum up, the present invention provides a novel
method for manufacturing platinum nanoparticle solution
and self-assembled platinum counter electrode thereof.
According to the embodiment, a polyol reduction method
under varied pH conditions to control the rate for the reduc-
tion reaction is adopted. Therefore, a platinum nanoparticle
dispersion solution with uniformly and homogeneously dis-
tributed platinum nanoparticles is fabricated. By simply dip
coating a conductive substrate in the solution at normal tem-
perature, the self-assembled platinum nanoparticles are
adsorbed on a clean surface of the substrate to form a mono-
layer of platinum nanoparticles and obtain the self-assembled
platinum counter electrode which is capable of superior elec-
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tro-catalyticability. As a result, the manufacturing method of
the present invention is characterized by the following advan-
tages:

[0038] (a) Without using any surfactant, a homogeneous
reaction can be provided by merely adjusting pH condi-
tion of the polyol solution, and the platinum nanopar-
ticles are sized uniformly.

[0039] (b) Without using any additional reducing agent,
ethylene glycol is provided and used in the polyol
approach of the present invention to serve as not only a
solvent but also a mild reducing agent to produce the
required Pt nanoparticles with uniform size and to pre-
cisely control how the polyol reduction proceeds.

[0040] (c) Without using additional annealing or post-
heating steps, a minimum series resistance and interfa-
cial resistance can be obtained, whereby this approach is
not only saving the production cost and time, but also
showing better electrochemical characteristics.

[0041] (d) A functionalized reaction (e.g. —OH modi-
fied or —SH modified) is performed at the surface of the
conductive substrate. Therefore, an inlet gas of O, or
other chemical modified process can be adopted, which
is beneficial to be widely used in a more variety of
substrates.

[0042] (e) Since the method of the present invention
adopts a low-temperature process, it can be easily
applied to various conductive substrates, including ITO
which was however, thermally unsustainable, and ITO-
PEN/ITO-PET which were known in lack of high-tem-
perature endurance.

[0043] (f) Since the uniform SAM-Pt film with a narrow
distribution of size and the platinum nanoparticles that
scaled only to 3-5 nm can be produced, the uniform
nature of the SAM-Pt film has the advantages of mini-
mizing the amounts of Pt loading and optimizing the
catalytic function on the substrate surface.

[0044] (g) Due to a monolayer of small-size platinum
nanoparticles which are adsorbed and uniformly distrib-
uted on the surface of the conductive substrate and the
self-assembled platinum counter electrode with a homo-
geneous single layer is formed, the Pt loading in the
self-assembled platinum counter electrode of the present
invention is minimized. Besides, no subsequent anneal-
ing steps need to be used, so the present invention is
beneficial to be less cost and time consuming, and thus
can be effectively used as a potential CE for DSSC
commiercialization.

[0045] It will be apparent to those skilled in the art that
various modifications and variations can be made to the
present invention without departing from the scope or spirit of
the invention. In view of the foregoing, it is intended that the
present invention cover modifications and variations of this
invention provided they fall within the scope of the invention
and its equivalent.

What is claimed is:

1. A method for manufacturing platinum nanoparticle solu-

tion, comprising steps of:

providing a polyol solution composed of H,PtCl, and eth-
ylene glycol; and

heating said polyol solutionto 100-120 ° C. with reduction
periods of 2-5 hours, and adjusting pH condition of said
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polyol solution between 2.7 and 4.9 by adding an NaOH
solution so as to obtain said platinum nanoparticle solu-
tion.

2. The method for manufacturing platinum nanoparticle
solution of claim 1, wherein said polyol solution is formed by
uniformly dissolving said H,PtCl in said ethylene glycol.

3. The method for manufacturing platinum nanoparticles
solution of claim 1, wherein said polyol solution is heated to
110° C. with said reduction period of 4 hours.

4. The method for manufacturing platinum nanoparticles
solution of claim 1, wherein said pH condition of said polyol
solution is adjusted to 3.7 by adding said NaOH solution.

5. A method for manufacturing self-assembled platinum
counter electrode, comprising steps of:

providing a conductive substrate and functionalizing said

conductive substrate to create a modified surface of said
conductive substrate;

providing a platinum nanoparticle solution, comprising:

providing a polyol solution composed of H,PtCl and
ethylene glycol; and

heating said polyol solution to 100-120 © C. with reduc-
tion periods of 2~5hours, and adjusting pH condition
of said polyol solution between 2.7 and 4.9 by adding
an NaOH solution so as to obtain said platinum nano-
particle solution; and

dipping said conductive substrate having said modified

surface into said platinum nanoparticles solution to self
assemble a monolayer of platinum nanoparticles on said
modified surface of said conductive substrate so as to
obtain said self-assembled platinum counter electrode.

6. The method for manufacturing self-assembled platinum
counter electrode of claim 5, wherein said conductive sub-
strate is a glass substrate or a flexible plastic substrate.

7. The method for manufacturing self-assembled platinum
counter electrode of claim 5, wherein said step of function-
alizing said conductive substrate further comprising using
bifunctional-organosilane compound to activate said conduc-
tive substrate such that a functional group comprising —NH,,
—SH, —OH or —COOH dominates to create said modified
surface of said conductive substrate.

8. The method for manufacturing self-assembled platinum
counter electrode of claim 7, further comprising dipping said
conductive substrate in a superacid solution so said conduc-
tive substrate is covered with active hydroxyl group (—OH)
before creating said modified surface of said conductive sub-
strate.

9. The method for manufacturing self-assembled platinum
counter electrode of claim 5, wherein said polyol solution is
formed by uniformly dissolving said H,PtCl in said ethylene
glycol.

10. The method for manufacturing self-assembled plati-
num counter electrode of claim 5, wherein said polyol solu-
tion is heated to 110° C. with said reduction period of4 hours.

11. The method for manufacturing self-assembled plati-
num counter electrode of claim 5, wherein said pH condition
of said polyol solution is adjusted to 3.7 by adding said NaOH
solution.

12. The method for manufacturing self-assembled plati-
num counter electrode of ¢laim 5, wherein said conductive
substrate having said modified surface is dipped into said
platinum nanoparticles solution for 8-24 hours.
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