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Abstract
Defective colloids of blue MoOx nanosheets were prepared by anodizing exfoliation method in water. This colloidal solution
exhibits an optical plasmonic absorption band in the infrared region at about 760 nm. Merely mixing HAuCl4 solution with the
MoOx leads to loss of the blue color, decaying of 760 nm plasmonic peak and simultaneous formation of the gold plasmon
absorption peak at 550–570 nm. Some spectral variations in gold plasmonic peak and MoOx optical band gap were observed for
Mo:Au ratio of 10:1, 20:1, 30:1, and 40:1. The size of the gold nanoparticles was in the 5–6 nm range with fcc crystalline
structure. X-ray photoelectron spectroscopy (XPS) revealed that the initial solution contains Mo5+ states and hydroxyl groups,
which after reduction, hydroxyl groups are eliminated and the Mo5+ states converted to Mo6+. The obtained Au-MoO3 colloids
have a gasochromic property in which they are colored back to blue in the presence of hydrogen gas and the molybdenum oxide
absorption peak recovered again. Furthermore, it was observed that both gold andMo oxide plasmonic peaks redshift by insertion
of hydrogen gas which is attributed to change in solution refractive index and formation of defect concentration.

Keywords MoOx nanosheets . Anodizing exfoliation . HAuCl4 . Gold nanoparticles . Localized surface plasmon resonance .
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Introduction

GNPs have many applications in biological and chemical
sensing due to surface plasmon resonance and negligible toxic
properties [1–4]. Synthesis of gold nanoparticles with differ-
ent shape and size has become one of the most interesting
research topics now [5–8]. Gold nanoparticles are usually pre-
pared by chemical reduction of gold precursors, commonly
HAuCl4, with a variety of reducing agents like citrate [9],
amino acids [10], ascorbic acid [11], and sodium borohydride
[5]. In addition to single GNPs, many works have been devot-
ed to synthesis of gold-metal oxide compositional nanoparti-
cles [12–14]. For the reduction of gold precursors to metallic
nanoparticles, use of preformed different nanoparticles seeds
as nucleation center are crucial [15–21].

Recently, scientists have paid much attention to the 2D
metal oxide nanomaterials due to their unique physical and

chemical properties [22–25]. Molybdenum oxide is one of the
dichalcogenides, forming nanosheets of 2D structures due to
weak Van der Waals bonds between lattice planes. The quan-
tum size effects in 2D materials allow shifts in electronic
structure and oxidation potentials so that permits enhanced
catalytic activities not possible in bulk. Especially in 2D ma-
terials, edge-site substitution with metals and nucleation and
growth of metal NPs is possible due to the high density of
defect-containing reactive edges [26]. Therefore, they may be
a good candidate for use as the primary nucleus for the reduc-
tion of HAuCl4. On the other hands, it is believed that surface
defect sites play a key role in catalytic activity of molybdenum
oxide, either as nucleation centers or as attachment sites [27].
Therefore, in addition to two-dimensionality, the evolution of
defects in molybdenum oxide nanosheets can enhance its cat-
alytic activity towards a metal precursor and is often per-
formed by reducing the fully oxidized MoO3 [28–30].

Until now, several methods have been developed for 2D
materials synthesis. In the case of 2D MoO3, exfoliation of
bulk MoO3 is a common method which includes liquid [31]
and micro-mechanical exfoliation [32]. The liquid-phase ex-
foliation method deals with the intercalation of ions of the
solution into the gaps of weakly bonded inter-layers of
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MoO3. Breaking of inter-layer bonds causes exfoliation of
plate-like structures and dispersion of the exfoliated pieces
into a suspension. Needing a long time and embedding impu-
rity are the main problems of liquid-phase exfoliation of bulk
MoO3. Oxidation of metals without annealing in an oxidizing
atmosphere is a remarkable idea for 2D growth that fewer
attentions have been paid to. Previously, we have demonstrat-
ed that a blue colloidal solution of MoOx(x < 3) nanosheets,
where the blue color is an evidence for extensive structural
defects, can be synthesized via an anodizing-exfoliation pro-
cess as a facile, mass productive, and rapid method [33, 34].
Thanks to Mo incomplete oxidation, oxygen defects have
been created, which are responsible for the blue color as well
as theMo oxide ability towards reduction the Pd2+ cations into
metallic Pd which was accompanied by losing the blue color
at room temperature. XPS has indicated that this is an oxida-
tion reduction reaction that governs this chemical conversion.
The obtained Pd-MoO3 colloidal solutions have shown
unique gasochromic and photochromic properties in liquid
phase. In principle, Mo has three different oxidation states:
Mo6+, Mo5+, and Mo4+ that two later states concern oxygen
vacancies and promote the reduction reaction by electron do-
nating to supported cations. On the other hands, both Au and
Mo oxide, as a single particle or multi-particle systems, have
become more interesting todays for their applications in cata-
lysts [27], solar [35], localized surface plasmon resonance
(LSPR) [36, 37], and sensing [38]. As one of a new aspect,
both gold and molybdenum oxide exhibit LSPR effect in
which the absorption of gold lies often within visible range
and that of Mo oxide within NIR region. In addition to plas-
monic behavior, Mo oxide exhibits gasochromic switching as
an interesting effect in some transition metal oxides in which
the color of the material changes to an absorbing state in a
catalytic interaction with hydrogen gas due to developing ox-
ygen defects [39–42]. In the gasochromic coloration of Wand
Mo oxides, the coloration is accompanied by arising one or
several plasmonic absorption peaks. So, combination of plas-
monic property of gold and plasmonic-gasochromic effect of
Mo oxide allows a wide range of spectral variations from
visible to NIR region in the presence of hydrogen, which
can be also used for optical hydrogen gas sensing.

While, there is a significant number of articles on the bulk
or thin films of this composition fabricated via different syn-
thesis and deposition methods [43–47], a few reports exist on
colloidal Au-MoO3 systems to our best knowledge. Thus, the
main contribution of this work is to examine the ability of blue
MoOx nanosheets reduction for a gold salt precursor to pro-
duce Au-MoO3. In this work, we demonstrate that Au-MoO3

colloids are achievable by reduction of gold salt solution with
exfoliated blueMoOx nanosheets. Furthermore, anodizing ex-
foliation is a simple and rapid method for synthesis a variety
of metal oxides colloids and needs to be more investigated.
Herein, we observed formation of gold nanoparticles of

several nanometers in size in addition to oxidation of blue
molybdenum oxide and its losing plasmonic peak. The pro-
duced Au-MoO3 colloidal nanoparticles are also able to ex-
hibit gasochromic coloration property with a spectral shifting
aspect in the presence of hydrogen gas.

Experimental

The fabrication method of Mo oxide was similar to that used
in our previous report [33]. Colloidal nanoparticles of molyb-
denum oxide were prepared via an electrochemical anodizing
of Mo sheets in a 0.02 M HCl electrolyte (Fig. 1). In this
process, two molybdenum sheets were put 1 cm apart from
each other. A 30 V DC bias voltage was applied to the two
ends of sheets for 5 min. By applying voltage, the anode began
to corrode electrochemically, gradually dispersed into the
electrolyte and a colloidal solution was obtained. Total disper-
sion of molybdenum was measured from the weight loss of
molybdenum sheets. HAuCl4 (10−4 mM) aqueous solution
was prepared by dissolving 0.039 g hydrogen tetrachloroaur-
ate (III) hydrate (99.9%, metals basis, Au 49% min., Alfa
Aesar) in 1000mlDI water and 0.1 mlHCl. Bymerelymixing
of hydrogen tetrachloroaurate (III) hydrate solution with the
colloidal molybdenum oxide, samples of different
MoOx:HAuCl4 ratios (Mo:Au = 10:1, 20:1, 30:1, and 40:1)
were obtained and named according to Mo:Au ratio (for ex-
ample Mo:Au = 10:1 denoted MA10:1). The schematic repre-
sentation from anodizing exfoliation of Mo sheets to HAuCl4
reduction by blue MoOx nanosheets is presented in Fig. 1.
Optical absorptions weremeasured in the 200–1100 nmwave-
length range using Perkin Elmer spectrophotometer (Lambda
25). We characterized samples by XRD using a Philips
XPERT X-ray diffractometer unit with CuKα radiation at a
scanning speed of 5° per minutes. The morphology and parti-
cle size were determined by TEM imaging using Philips
Holland model CM120. The XPS analyses were done using
an ESCA/AES system (CHA, Specs model EA10 plus). The
binding energy of carbon (284.8 eV) was used for calibration
energy scales. The electrochemical experiments were per-
formed with a potentiostat unit of Iviumstat which were con-
ducted in a three-electrode electrochemical cell with Pt wire
and Ag/AgCl (satd KCl) electrodes as the counter and refer-
ence electrodes in a 1MH2SO4 electrolyte solution at ambient
temperature. The samples were drop-casted over a graphite
plate (1 × 1 cm2). The cyclic voltammetry (CV)measurements
of the samples were performed in the potential range of 0 to
0.6 V at a scan rate of 10 mVs−1. FTIR was performed in the
400–4000 cm−1 range using a Perkin-Elmer 2000 system in-
strument. In order to perform XRD, FTIR, XPS, CV charac-
terizations, samples were prepared by centrifuging followed
by drop-casting over quartz or graphite substrates.
Gasochromic coloration experiments were conducted by
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injection of 10%H2/Ar mixed gas. To do this, a tiny glass pipe
was inserted into a sealed quartz cell containing the solution.

Result and Discussion

Figure 2a illustrates the optical absorption spectra of the
HAuCl4 solution, as-prepared blue MoOx colloids before
and after mixing with the HAuCl4 in four different Mo:Au
ratios of 10:1, 20:1, 30:1, and 40:1. For the spectrum of blue
MoOx in Fig. 1, the plasmonic behavior concerns a broad
optical absorption band observable in the NIR region at ~
760 nm, which originates from the presence of oxygen vacan-
cies [48] and as a metal oxide semiconductor, it represents an
absorption edge under 400 nm due to excitation across the

optical band gap. Furthermore, the HAuCl4 has a characteris-
tic peak around 300 nm.

As can be seen, the mixing of these two solutions results in
formation of gold plasmon absorption peak at about 550 nm,
indicating the gold precursor reduces to GNPs which can also
be viewed from the appearing a pink color in the photographic
image. In addition, the HAuCl4 peak decays for all the mixing
ratios after the mixing process, thus indicating the gold pre-
cursor decomposes completely.

Formation of GNPs is understandable according to diffrac-
tion gold diffraction peaks in the XRD patterns. The XRD
patterns of the initial blue MoOx, samples MA10:1 and
MA40:1 are shown in Fig. 4(a–c), respectively. No diffraction
peak exists over the pattern of MoOx in part (a), which will be
explained by two-dimensionality of the MoOx nanoflakes

Fig. 1 Schematic representation of anodizing exfoliation of Mo sheets and obtaining blue MoOx nanosheets, mixing with HAuCl4 process and
formation of Au+MoO3 nanoparticles and reduction processes of HAuCl4 by the blue MoOx
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Fig. 2 a Optical absorption spectra of initial blue MoOx nanosheets
colloidal solution, HAuCl4 solution and after their merely mixing at
different Mo:Au ratio of 10:1, 20:1, 30:1, and 40:1. Photographic
images of the solutions are also presented in the middle panel. Blue

MoOx spectrum shows a broad LSPR peak at 760 nm. After a mixing
step, GNPs are synthesized via a HAuCl4 reduction with about 550 nm
LSPR peak position. b Au LSPR peak position and MoOx optical band
gaps as a function of Mo:Au mixing ratio
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(TEM images in the next part). However, apparent diffraction
peaks of fcc Au (JCPDS No. 00-001-1172) appears for sam-
ples MA10:1 and MA40:1. The sharpest peak at (111) direction
suggests that Au nanoparticles are likely more developed
along this direction [49].

The gold absorption wavelength (~ 550 nm) in Fig. 2 sug-
gests that the particle size should be smaller than 20 nm [31] in
agreement with the TEM results in the next section.Moreover,
gold plasmon peak position, plotted vs. Mo:Au molar ratio in
the left vertical axis of Fig. 2b, demonstrates blue-shift by
increasing the Mo:Au ratio followed by a redshift at ratio
40:1. This spectral shift is mainly attributed to a reaction-
induced variation in the solution refractive index, where the
gold peak position can be used as an indicator for environment
refractive index according to the following equation [31]:

λmax ¼ λp

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

1þ 2n2m

q

ð1Þ

in which λmax is the gold peak position, λp is bulk plasmon
resonance wavelength and nm is refractive index of the medi-
um. Right vertical axis of Fig. 2b indicates the measured
MoOx optical band gap using Tauc method. Typically, the
optical band gap depends on several factors, mainly oxidation
degree of the metal oxide, so that it is expected to be mini-
mized by increasing oxygen vacancies. The optical band gap,
Eg, of the initial blue molybdenum oxide was measured to be
~ 2.8 eV. As can be seen, Eg has been increased to about
3.5 eV for sample MA10:1 which according to the values re-
ported in the literature [50] indicating fully oxidation of the
blue molybdenum oxide. By increasing the molybdenum ratio
in samples 20:1 to 40:1, one can see a decrease in band gap,
which is attributed to the presence of some unoxidized MoOx

in high Mo:Au ratio.
TEM images and corresponding size distribution histo-

grams are shown in Fig. 3a–c for the initial blue MoOx, sam-
ples MA10:1 and MA40:1, respectively. The two dimensional
nature of MoOx colloids is identified from the TEM image in
part (a) where most of observable flakes look transparent, thus
indicating that their thickness is only few nanometers. This is
probably why there are no peaks in the XRD patterns (Fig. 4).
From the size distribution histogram, an average lateral size of
24 nm was measured for the nanoflakes. In TEM images of
samples MA10:1 ad MA40:1 (part (b) and (c)) two different
kinds of particles exist. Those few particles that are bigger
and seem darker are attributed toMoO3 while those of smaller
dimension are attributed to GNPs. One can see that these
GNPs are uniformly distributed and the corresponding size
distribution histograms indicate that the gold averages sizes
are ~ 6.5 and 4.5 nm in sample MA40:1 and MA10:1, respec-
tively, consistent with LSPR wavelength position in the ab-
sorption spectra. Partial formation of core-shell structure is
also expectable because insets of Fig. 3 reveal a core-shell
structure with about a 4-nm shell.

The chemistry of outermost layers of MoOx is more mean-
ingful for catalytic reactions that may take place in the reduc-
tion of HAuCl4. Therefore, to investigate the surface chemical
states of elements in Au-MoOx colloids, XPS measurements
were conducted. Figure 5 illustrates the high-resolution XPS
spectra for the initial blueMoOx colloids and samplesMA40:1.
Binding energies and FWHM of XPS peaks are presented in
Table 1. As shown in Fig. 5a, the Mo3d transition for MoOx

sample is fitted into two doublets, for which theMo3d doublet
at 235.7 and 232.6 eV binding energies corresponds to Mo6+

and that at 234.7 and 231.6 eV to Mo5+ [51, 52]. Comparison
of binding energies and FWHMs in Table 1 reveals that the
Mo3d peaks become narrower after reduction due to losing
Mo5+ peak contribution, which confirms conversion of 5+
states to 6+ as a result of oxidation. Au4f region has one
doublet with peaks at 83.4 eV (Au4f7/2) and 87 eV (Au4f5/2)
characteristic of metallic gold [53] in agreement with the re-
sults of XRD. Figure 5a–c right panels show the O1s XPS
spectra of our samples. Generally, O1s region can de-
convoluted into two peaks, one at binding energy about
530 eV related to oxygen in covalence bonds (metal-O in
metal oxide) and another at about 532 eV related to hydroxyl
groups (metal-OH) [53, 54]. For MoOx colloids, one can see
that the hydroxyl peak is much stronger in comparison to O-
metal bond, indicating the presence of a large quantity of
hydroxyl group. However, the hydroxyl peak intensity con-
siderably reduces after the mixing with HAuCl4 in sample
MA40:1 indicating significant OH desorption during the reduc-
tion process. The role of hydroxyl groups in HAuCl4 reduc-
tion to metallic GNPs have been reported elsewhere. For ex-
ample, the commercially available PVP has been served as a
reducing agent thanks to its hydroxyl end groups [55].
Therefore, it is expected that in addition to the role of oxygen
defect, the hydroxyl groups existing in the structure of two
dimensional MoOx nanoflakes play also role in its ability to
reduce a noble metal salt. Using the peak area of O1s related to
O-metal and all those of the Mo3d, the O/Mo ratio is estimated
to be 2.3 and 2.5 in theMoOx andMA40:1, respectively, which
confirms the defective nature of the initial blue sample or
when concentration of MoOx is high (sample MA40:1).

Electrochemical investigations were carried out for a better
investigation of the oxidation of Mo oxide in our reduction
process. Figure 5c right panel shows a typical CV curve of
drop-casted solution of blue MoOx and sample MA40:1 over
the graphite plates as the working electrode in 1 M H2SO4

electrolyte. There are three distinct redox peaks in the curve
of blue MoOx oxide located at 77/122, 162/202 and 380 mV/
346 mV in the CV curve that are attributed to Mo5+/Mo6+,
Mo4+/Mo6+, and Mo4+/Mo6+ transitions, respectively. The in-
tensity ofMo5+/Mo6+ redox peak is relatively high for the blue
MoOx sample before reduction in the mixing stage while it is
almost eliminated after the reduction reaction. The higher
electrical current for this peak is due to the presence of much
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concentration of Mo5+ cations in the blue MoOx colloidal
solution and the lower current for after mixing is in agreement
with the XPS result concerning the lowering of Mo5+ concen-
tration [56, 57]. Therefore, XPS and CV confirm oxidation of
blue molybdenum oxide.

FTIR spectroscopy was applied to investigate the variation
in bonding related to MoOx nanosheets before and after re-
duction. FTIR spectra of initial blue MoOx, sample MA40:1

and MA10:1 in the 400–4000 cm−1 are presented in Fig. 6.
Vibration around 562 cm−1 is assigned to the stretching mode
of the triply coordinated oxygen resulted from the edge-shared
oxygen in common with three MoO6 octahedral [51], which
becomes broader after reduction. The peaks at 750 cm−1

assigned to Mo–O–Mo vibrations of Mo5+ states, which al-
most vanishes in sample MA10:1 confirming conversion of 5+
oxidation states to 6+ states. The peaks in the range of 875–
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1000 cm−1 were attributed to the doubly cation-bonded oxy-
gen atoms (Mo =O) [51]. Low relative spectral intensities of
these peaks in sample 40:1, and almost it is vanishing in sam-
ple MA10:1 show the effective role of gold salt on oxidation of
the blue molybdenum oxide. In addition, some vibrations
peaks were detected in the range of 1000–1450 cm−1. They
were associated with the vibration mode of the δMo–OH
bending vibrations [58]. The broad bands at about 3425 and

1616 cm−1 are O-H stretch and the bending of physisorbed
water [58].

Gasochromic Coloration

The Au-MoOx colloids, made by the reduction method of this
paper, exhibited a considerable gasochromic response in
which a color change from transparent to blue occurs upon
bubbling %10 hydrogen gas. In Fig. 7a–d, spectral time var-
iations for Mo:Au ratios of 10:1, 20:1, 30:1, and 40:1, are
displayed at time intervals of 15 min. Before gas injection,
the gold LSPR peak dominates the spectrum, while there is
no significant absorption in the NIR region. Upon exposure to
10%H2/Ar at room temperature, a drastic rise in the absorption
peak occurs in the NIR region for all the samples, which
demonstrate formation of the MoOx LSPR peak. Usually,
the gasochromic developing process takes few minutes and a
change from colorless to blue color can be observed during
gas exposure, even after cutting off the gas exposure.
Photographic images in Fig. 7 show that the pink color of
Au-MoO3 sample turns blue after hydrogen injection in a
sealed quartz cell. This gasochromic behavior has been related
to the reduction of Mo by hydrogen atoms spilt-over [59] and
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Table 1 : XPS binding energies and corresponding FWHM of different
elements

Sample B.E (eV)
FWHM (eV)

Mo3d3/2-Mo3d5/2 O1s O/Mo

Blue MoOx 235.7–232.6
234.7–231.6
2.5–2.5

533.5–530.7
2.1–2.0

2.3

MA40:1 235.7–232. 7
234.6–231.9
2.0–1.8

532.3–530.9
1.9–1.6

2.5
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as a result, oxygen defect develops into the Mo oxide lattice
and the fully oxidized particles recover the MoOx< 3 compo-
sition. Partial reduction of Mo6+ cations to Mo5+ is also ex-
pected according to MoO3 + (3-x)H2→MoOx + (3-x)H2O re-
action. The gold nanoparticles in these systems can promote
the room temperature dissociation of H2 into H atoms and
accelerate the coloration of Mo oxide colloids. The gold
LSPR curve is integrated as a shoulder into the spectrum. It
can be clearly seen that with the coloring time, the LSPR peak
of molybdenum oxide dominates the spectrum and its inten-
sity increases with Mo:Au ratio.

As the intensity of Mo oxide plasmonic peak increases upon
gas exposure, the LSPR curve of gold shifts towards red wave-
lengths, which implies that the resonance wavelength increases.
This noticeable redshift, shown in the Fig. 7a, for gold, plas-
monic peak is about 20 nm for sample MA10:1. As before, this
redshift is due to the change in the dielectric constant in the
solution on exposure to gas because the electrical, chemical,
and optical properties of Mo oxide change in the presence of
hydrogen. This is probably accompanied by an increase in the
refractive index of the solution environment (gold surrounding)
due to the coloration of molybdenum oxide.

Another LSPR redshift is observed for Mo oxide plasmon-
ic peak after interacting with hydrogen gas, which is remark-
ably high (about 50 nm). This shifting is shown in samples
MA30:1 and MA40:1 with arrows. In the case of plasmonic
metal oxides, not only the shape, size, and environment of
the nanoparticles affect the location of the peak, but also the
level of oxygen defects is also effective in such a way that the
wavelength reduces by defect concentration [60–62].

Therefore, the observed redshift can be partially due to the
difference in the concentration of defects in the initial defec-
tive blue colloids obtained in exfoliation process and those
created in the hydrogen gasochromic coloration process.

These aspects (Mo oxide peak-rise and plasmonic peak-
shifts in both Au and MoOx absorption) can provide a high
sensitivity of this solution for optical hydrogen sensing that
can result from a combination of both change in plasmonic
properties of the individual core-shell particles and the modi-
fication of colloidal environment due to change of dielectric
constants of single nanoparticles’ surrounding. The structural
variations from the chemical reaction between hydrogen and
Mo oxide can result oxygen defects and a shift in the fermi
level position, resulting in a change in refractive index of Mo
oxide. These changes affect the LSPR properties of both the
plasmonic materials, producing spectral shifts of plasmonic
resonance. Therefore, gasochromic investigations indicate
that the samples produced via the reduction of HAuCl4 by
the defective MoOx nanosheets have a hydrogen detection
ability and the refractive index varies in with hydrogen
injection.

The formation of Au-MoO3 via reduction mechanism is
considered as the follows. The blue MoOx nanosheets obtain-
ed by anodizing exfoliation have a lot of surface defect sites.
Localized electrons in oxygen vacancy sites transfer to the
positively charged gold ions, oxidizing MoOx and reducing
gold ions to gold metal and gold nuclei formation, which are
responsible for the formation of gold plasmonic peak and
decay of MoOx peak. So, two-dimensionality and defects in
our MoOx play a key role in its reducing ability. On the other
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hands, coloration in the gasochromic process is attributed to
defect reformation via hydrogen injection and oxygen remov-
ing from the MoO3. When the initial MoOx blue color disap-
pears, it is an oxidizing effect because it is known that fully
oxidized MoO3 colloids are colorless and the blue color of
defect-containing Mo oxide compounds is correlated to the
oxygen defects. According to the literature, Mo5+ is common-
ly accepted to be responsible for the blue color and absorption
in MoOx [56–58, 63, 64]. Therefore, losing the blue color
(Fig. 2) is attributed to oxidation of MoOx which is accompa-
nied by formation of gold metal:

Mo5þ blue colorð Þ→Mo6þ Colorlessð Þ þ e−

Au3þ þ 3e−→Au0
ð2Þ

The appearance of plasmonic peak around 800 nm uponH2

exposure, related to the reduction of Mo oxide by hydrogen
atoms via spill-over mechanism on the produced gold nano-
particles. As a result, oxygen defect develops into the Mo
oxide lattice and the fully oxidized particles recover the
MoOx< 3 composition. Partial reduction of Mo6+ cations to
Mo5+ is also expected according to the following:

H2→2Hþ þ 2e−

Mo6þ þ e−→Mo5þ blue colorð Þ ð3Þ

Summary

In this paper, the blue colloidal MoOx were prepared by an-
odizing exfoliation method, which is a simple and fast ap-
proach. Colloidal nanoparticles have a plasmonic absorption
peak at about 760 nm. Based on UV-vis spectrometry, TEM
and chemical analysis, these colloidal nanosheets were able to
reduce HAuCl4 to gold nanoparticles of several nanometers in
size, while they themselves were oxidized and loss their plas-
monic peak. The resulting nanoparticles exhibited
gasochromic coloration effect in the presence of hydrogen
gas. In this process, the plasmonic absorption peak of Mo
oxide raise again and its relative intensity was enhanced by
increasing the amount of molybdenum oxide. Also, in this
process, we observed a redshift in the gold plasmonic peak,
which was attributed to an increase in the refractive index due
to the change in the oxidation state of molybdenum oxide.
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