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Platinum (Pt) nanoparticles have been synthesized from a precursor solution of potassium tetrachloroplatinate (K
2
PtCl
4
) using

a matrix of bacterial cellulose (BC). The formation of Pt nanoparticles occurs at the surface and the inside of the BC membrane
by reducing the precursor solution with a hydrogen gas reductant. The Pt nanoparticles obtained from the variations of precursor
concentration, between 3mM and 30mM, and the formation of Pt nanoparticles have been studied using X-ray diffraction (XRD),
scanning electronmicroscopy-energy dispersive X-ray spectroscopy (SEM-EDS), and thermogravimetry analysis (TGA). Based on
X-ray diffraction patterns, Pt particles have sizes between 6.3 nm and 9.3 nm, and the Pt particle size increases with an increase in
precursor concentration.The morphology of the Pt nanoparticles was observed by SEM-EDS and the content of Pt particles inside
the membrane is higher than that on the surface of BC membranes. This analysis corresponds to the TGA analysis, but the TGA
analysis is more representative in how it describes the content of Pt particles in the BC membrane.

1. Introduction

Platinum (Pt) has attracted much attention because Pt is the
best catalyst to use for a variety of specific purposes. As a
noble metal, Pt has the best catalytic activity among all pure
metals, especially in fuel cells [1]. Many factors affect the
electrocatalytic activity of Pt particles, such as the size, dis-
tribution, and synthesis method [2, 3]. The catalytic activity
of Pt is better when nanosized Pt particles are produced. A
nanosized Pt catalyst that is distributed properly will result in
high electrocatalytic activity [1, 4, 5]. To synthesize nanosized
Pt particles, several methods have been applied, such as
colloidal systems [6], reduction [7], using bacterial cellulose
(BC) as a hydrophilic matrix [8], microemulsion [9], sol-gel
[10], sonochemical method [11], and electrodeposition [12].
However, no one method is superior to the other methods
because it depends on the final application of the catalyst
used.

Among these methods, the synthesis of Pt nanoparticles
using the reduction method is a very simple method. This
method is done by reducing the precursor solution with
a reducing agent. The precursors that are most often used
as a source of Pt particles are H

2
PtCl
6
and the reducing

agents, that are also commonly used, are formaldehyde [13],
Lithium triethylborohydride [14], sodium borohydride [15],
and ethylene glycol [16]. Yang et al. [17] have synthesized Pt
nanoparticles from Pt (IV) solution, namely, H

2
PtCl
6
, into

BC matrix using sodium borohydride and a formaldehyde
reductant. They reported that the Pt particle sizes of 3-4 nm
are generated and applied as catalysts for fuel cells. This
research has inspired us to synthesize Pt nanoparticles using
precursor Pt (II) instead of Pt (IV). BC has been known as
a matrix that synthesizes some of the nanometals, such as
palladium and silver. BC has the ability of a matrix because
the fiber structure of BC has a cavity that is used as a
minireactor for the synthesis of nanoparticles [8].
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The present study uses the precursor Pt (II) of K
2
PtCl
4

as a source of Pt particles and hydrogen gas as the reducing
agent. By using a precursor source and reducing agent that
differs from previous research, this research is expected to
provide new information on the synthesis development of Pt
nanoparticles, particularly for use in fuel cells.

2. Materials and Methods

2.1. Materials. Potassium tetrachloroplatinate (II) (K
2
PtCl
4
)

was obtained from Sigma-Aldrich (99,9%), while ammo-
nium sulfate, glacial acetic acid, hydrochloric acid, sodium
hydroxide, and ethanol were obtained fromMerck.Hydrogen
gas (ultra-highly pure) was obtained from a local supplier.
Coconut water, sucrose (food-grade white sugar), and Aceto-
bacter xylinumwere obtained from a local traditional market.
All chemicals were used without further purification.

2.2. Preparation of BC. Preparation of BC was carried out as
described previously by Radiman and Yuliani [18]. To obtain
dry BC membranes, the BC was first cut to a size of 4 cm ×
4 cm, then pressed to remove water, and finally air dried at
room temperature for 6 days. Dried BC membrane was used
for analysis by SEM-EDS.

2.3. Synthesis of Pt Nanoparticles Impregnated into BC. The
pressed BC hydrogels were soaked in aqueous K

2
PtCl
4
solu-

tions, with different concentrations (3mM, 5mM, 10mM,
20mM, and 30mM), for 2 hrs and sonicated at room tem-
perature for another 2 hrs. The BC gel was removed, rinsed
with deionized water, and soaked again in deionized water.
The Pt (II) was then reduced with hydrogen gas at an applied
constant pressure of 0.5 psi and a stirring speed of 500 rpm at
room temperature for 1 hr. Pt-BC gel was removed from the
solution and dried, as in the above procedure, and produced
a dry composite membrane that is denoted by Pt-BCcm.
The thickness of the resulting Pt-BCcm membrane was 0.5–
0.7mm.

2.4. X-Ray Analysis. X-ray diffraction (XRD) patterns were
recorded on an X-ray diffractometer (PW1710, Philips), using
Cu K𝛼 radiation (𝜆 = 1, 54060>) at 40 kV and 30mA.
The diffraction angle ranged from 5 to 90∘. The crystallite
size of the Pt nanoparticles was calculated based on X-ray
diffraction measurements. The crystallite size was calculated
from the full width at half maximum (FWHM) of peak using
the Scherrer formula [19]:

𝐿 =

𝐾𝜆

𝛽 cos 𝜃
, (1)

where 𝐿 is the average crystallite size of the Pt particles, 𝐾 is
a constant of 0.9, 𝜆 is the X-ray wavelength, 𝛽 is the FWHM
in radians, and 𝜃 is the diffraction angle.

2.5. Scanning Electron Microscopy (SEM) and Energy Dis-
persive X-Ray Spectroscopy (EDS) Analysis. SEM was used
to observe the BC membrane and the distribution of Pt

nanoparticles in Pt-BCcm membrane. The BC membrane
was coated with a thin layer of evaporated gold, whereas
the Pt-BCcm membrane was scanned without being coated.
For cross-sectional morphology and line analysis, the Pt-
BCcm membrane was cut using liquid nitrogen. The images
were taken using a JEOL, JSM-6510 LA scanning electron
microscopy (Japan) with an acceleration voltage of 15 kV.
Energy dispersive X-ray spectroscopy (EDS) was used for the
elemental analysis of the surface and the inner part of the Pt-
BCcm membranes.

2.6. Thermogravimetric Analysis (TGA). Thermal properties
of the Pt-BCcm membrane were investigated by thermo-
gravimetric analysis (TG, NETZSCH STA 449F1 instru-
ments), in conjunctionwith a thermal analysis controller.The
samples were kept in an alumina crucible and heated in a
furnace, flushed with nitrogen gas at the rate of 40mL/min,
from 30∘C to 800∘C, at a heating rate of 10∘C/min. The
percentage of weight loss was plotted against temperature
for all the samples. The content of Pt (in mg/cm2) in Pt-
BCcmmembranes was obtained from the difference between
the residual mass of the Pt-BCcm membrane and the BC
membrane as a control.

3. Results and Discussion

3.1. XRD Analysis. Pt nanoparticles have been successfully
synthesized from aqueous K

2
PtCl
4
solution inside the BC

membrane using hydrogen gas as a reducing agent. The
evidence of Pt nanoparticles in Pt-BCcmmembrane is shown
by the X-ray diffraction spectrum, in Figure 1.

Basically, all of Pt-BCcm membranes containing Pt (0)
(from all precursor concentrations) gave diffraction patterns
that were similar; the differences lie in the concentration
of the Pt precursor. When the precursor concentration was
3mM, Pt crystal diffraction peaks that appeared had only
two peaks, at area of 2𝜃 = 39.5∘ and 46.1∘. By the time the
concentration was increased to 5mM, Pt crystal diffraction
displayed four peaks; these appear in addition to the two
peaks at the concentration of 3mM, coupled with a peak at
2𝜃 = 67.9∘ and 81.2∘. Pt particle diffraction pattern peaks are
in accordance with their respective crystal planes (111), (200),
(220), and (311), as shown in the ICSD database of Pt number
76951. In addition, it appears that the peak intensity of the
Pt crystal becomes higher when the concentration of the Pt
precursor is greater and so is the impact on the increasing
content of Pt particles in the Pt-BCcm membrane. Based
on the Pt diffraction pattern of the Pt database from ICSD
number 76951, it is evident that the Pt precursor solution has
reduced yields of Pt particles.

X-ray diffraction patterns also indicate that, besides the
characteristic Pt peaks, characteristic peaks of BC in the area
2𝜃 = 14.2∘, 16.6∘, and 22.4∘ also appear. A BC peak appeared
in each Pt-BCcm membrane. BC diffraction patterns were
similar to those done by previous researchers [20, 21].
However, increasing the concentration of the Pt precursor
decreases the peak intensity of the BC peak areas, especially
the area at 2𝜃 = 14.2∘ and 16.6∘.
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Figure 1: X-ray diffraction patterns of (a) Pt (taken from database:
ICSD number 76951), (b) BC membrane, and (c–g) Pt-BCcm
membrane (obtained fromK

2
PtCl
4
solution at 3mM, 5mM, 10mM,

20mM, and 30mM, resp.).

Table 1: The average crystallite size of Pt nanoparticles.

Precursor concentration [mM] Average Pt crystallite size [nm]
3 6.3
5 6.8
10 8.3
20 8.9
30 9.3

The Pt(111) peak is used as a reference in calculating the
size of the average Pt crystal because its intensity is the highest
among the other peaks. Table 1 shows the size of the average
Pt crystals which were calculated from FWHM (111) peak
using the Scherrer formula.

3.2. SEM Observation. The formation of Pt particles on the
BC membrane is visually observed through a color change
in the BC membrane. The BC membrane was originally
transparent white, but it changed to black when Pt was
inserted in the BC membrane. The change of membrane
to black indicates that Pt (II) ions have been successfully
reduced and deposited on the fibers of BC. However, there
were no obvious color differences among the composites
obtained by different concentrations of the precursor.

Observation on the surface morphology of the Pt-BCcm
membrane showed that white granules were embedded in
the BC membrane and that the grains are Pt particles.

White grain indicates that Pt particles have been formed and
deposited in the cavity of the BC matrix. Deposition of Pt
particles formed agglomerations or clusters at a certain level.
At low precursor concentration, only a few Pt particles were
visible, but at higher precursor concentrations, the amount
of Pt particles was more and had a larger size, indicating
that formed agglomerations are large. SEM images of the
surface morphology on the Pt-BCcm membrane can be seen
in Figure 2.

Based on SEM images, the Pt particle size seems large
because of the occurrence of agglomeration. Meanwhile, an
analysis by usingX-ray diffraction patterns shows that the size
of the Pt crystals is nanoscale for all precursor concentrations.
This difference is due to the X-ray diffraction pattern analysis
that describes the size of the Pt crystals contained in Pt
particles, because Pt particles are formed from collections
of Pt crystals. Therefore, both analyses look different in
analyzing the Pt particle size.

The formation of Pt particles appears not only on the BC
membrane surface but also on the inside of the BC fiber.
Pt particles are formed on the inside of the BC fibers; this
is known from the cross-sectional SEM images of the Pt-
BCcm membrane. The presence of Pt particles on the inside
of the BCfibers also shows that the precursor solution entered
into the inner BC fibers and interacted with BC cellulose.
Therefore, when reduction occurs, Pt particles are trapped on
the inside (between the fibers) of BC, as shown in Figure 3.

3.3. Analysis of the Content of Pt Particles. The content of Pt
particles in the Pt-BCcmmembrane, both on the surface and
on the inside of the membrane, has been analyzed by EDX.
The content of Pt particles on the inside of the membrane
appears to be higher than that on themembrane surface of Pt-
BCcm. At concentration of 30mM, the content of Pt particles
remained higher on the inside of the membrane compared
to the membrane surface, 3.24mg/cm2 and 3.37mg/cm2,
respectively. Relations between precursor concentration and
the content of Pt particles, for both the inside of Pt-BCcm and
its membrane surface, are shown in Figure 4.

The high content of Pt particles on the inside of the Pt-
BCcm membrane can be explained through the formation
mechanism of Pt particles in the BC matrix. The formation
mechanism applies to the surface and inner membranes. At
the initial stage, the precursor dissociates in water, according
to the following reaction:

K
2
PtCl
4(aq) → [PtCl4](aq)

2−

+ 2K
(aq)
+ (2)

Then, [PtCl
4
]2− ions undergo solvolysis reaction [22, 23]:

[PtCl
4
]
(aq)
2−

+H
2
O
(l) → PtCl

3
(H
2
O)
(aq)
−

+ Cl
(aq)
− (3)

PtCl
3
(H
2
O)
(aq)
−

+H
2
O
(l)

→ PtCl
2
(H
2
O)
2(aq) + Cl(aq)

−

(4)

The existence of solvolysis products PtCl
2
(H
2
O)
2
that are

formed in K
2
PtCl
4
solution means that the interaction with



4 Journal of Nanoparticles

(a) (b) (c)

(d) (e) (f)

Figure 2: SEM images of (a) dried BC and (b)–(f) Pt-BCcm membrane (obtained from K
2
PtCl
4
solution at 3mM, 5Mm, 10mM, 20mM,

and 30mM, resp.).

Figure 3: SEM images of Pt-BCcm cross section prepared from
10mM K

2
PtCl
4
.

BC cellulose can occur throughhydrogen bonding.Hydrogen
bonding is between theOatoms of BC cellulose, withHatoms
of PtCl

2
(H
2
O)
2
and the O atoms of PtCl

2
(H
2
O)
2
, and also

with H atoms from BC cellulose. Hydrogen bonding occurs
on the surface and the inner of the BC membrane, as shown
in Scheme 1.

When the reduction process takes place, the Pt particles
are formed on the surface and the inner of BC membrane:

PtCl
2
(H
2
O)
2(aq) +H2(g)

→ Pt
(s) + 2Cl(aq)

−
+ 2H
2
O
(l) + 2H(aq)

+

(5)

The Pt particles that were formed on the membrane surface
were easily separated during the reduction process, whereas it
was tough for the inside of membrane because of Pt particles
in between the fibers of BC. This results in the Pt particles
content on the inside of the membrane being higher than
that in the BC membrane surface. This analysis indicates
that the BC is able to stabilize the Pt particles in the three-
dimensional nanostructure of BC. Thus, the overall reaction
of the formation of Pt particles is as follows:

K
2
[PtCl
4
]
(aq) +H2(g)

→ Pt
(s) + 2H(aq)

+
+ 2K
(aq)
+
+ 4Cl
(aq)
−

(6)

However, the content of Pt particles in the Pt-BCcm
membrane is different for the EDX analysis, when analyzed
using the thermal analysis (TGA). Burning the Pt-BCcm
membrane in the furnace to a temperature of 800∘C results in
residue that is assumed to be the total amount of Pt per cm2 of
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Figure 4: Effect of K
2
PtCl
4
concentration on Pt content (a) on the

membrane surface, (b) inside of the membrane, and (c) total on the
surface and inside of the membrane.

the Pt-BCcm membrane. When the precursor concentration
is increased from 3 mM to 10 mM, the content of Pt particles
is significantly increased. Furthermore, when the precursor
concentration is increased above 10mM, the increase in the
content of Pt particles in the Pt-BCcm membrane is signif-
icant. At a precursor concentration of 30mM, Pt particle
content reached 0.64mg/cm2 and 6.61mg/cm2, respectively,
based on the TGA and EDX analysis. Comparisons of Pt
particle content in the Pt-BCcm membrane, based on two
analyses, are shown in Figure 5.
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Figure 5: Comparison of the Pt content on the Pt-BCcmmembrane
based on (a) TGA data and (b) EDS data.

This information indicates that the analyses on the Pt
particle content of the Pt Pt-BCcmmembrane, by using these
two methods, are very different, so that it can be said that the
Pt particles on the BC membrane are less evenly distributed.
However, the TGA analysis is more representative in analyz-
ing the content of Pt particles in the Pt-BCcm membrane
compared to the EDX analysis.

4. Conclusions

Pt nanoparticles have been synthesized from the K
2
PtCl
4

solution using H
2
as a reducing agent. The presence of

Pt particles has been demonstrated through the analysis
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of X-ray diffraction and BC membrane discoloration, from
transparent white to black. The presence of Pt nanoparticles
is found not only on the membrane surface, but also on the
inside of the Pt-BCcmmembrane. Based on SEM images, the
Pt particle size increases with an increasing precursor con-
centration, from nanometers to micrometer size. However,
based on the XRD analysis that uses Scherrer equation, the Pt
crystal size was obtained between 6.3 nm and 9.3 nm, and the
size increased with an increasing precursor concentration.
The content of Pt particles on the inside of the membrane is
higher than that on the surface of the membrane.
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