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Synthesis and characterization of Ag@polycarbazole
nanoparticles using different oxidants
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Ag nanoparticles (NPs) encapsulated by polycarbazole (PCz) have been synthesized using ion adsorption method. The PCz
synthesis around Ag NPs has been performed by adsorbing Ag+1 and Fe+3 oxidants onto Ag NPs, which initiated surface
polymerization and thus, Ag NPs@PCz nanocomposite has been synthesized. The morphology of pure NPs and composite NPs
was characterized by TEM which also elucidated the effect of oxidant on the core NPs, beside their morphologies and phase
contrasts of metal NPs and polymer. The polymer around the surface of core NPs was characterized by FT-IR which proved that
PCz was the organic phase of the composite NPs. UV-Vis spectroscopy has been employed to study surface plasmon resonance
(SPR) of pure NPs and composite of NP which demonstrated that SPR of core NPs remained preserved after coating with the
polymer. Furthermore, Zeta Sizer Nano series has been applied to analyze the dispersion behavior of pure NPs and composite
NPs which displayed the greatly improved dispersion behavior of the composite NPs as compared to pure Ag NPs. Therefore,
our study proved helpful to analyze the suitability of metal oxidants for PCz based nanocomposite synthesis and determination
of their optical and dispersion behavior.
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1. Introduction

Polymer-nanometal matrices and nanometal-
polymer composites are potential materials for
many technological applications due to their
unique physical, and photo-electrochemical prop-
erties [1]. Nanocomposite materials have consider-
able potential for the fabrication of sensors in the
context of environmental and food safety monitor-
ing [2]. The metal-polymer nanocomposites have
also applications which use their ability to detect
metal ions in aqueous solutions due to enhanced
surface area of polymer [3]. Moreover, conjugated
polymers possess electrical and luminescence pe-
culiarities and magnitude of such type of properties
can be enhanced using nanometallic components
within the polymer matrix [4]. Among the conduc-
tive composite materials, silver is the most often
used because of its high electrical conductivity and
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oxidation resistance. In this way, nano Ag is a po-
tential material to increase electrical and lumines-
cent properties of encasing polymers.

Among the conductive and luminescent poly-
mers, PCz bears special significance due to the
electron and hole transporting behavior that en-
ables its utilization in organic light emitting diodes
and electrochromic displays [5]. It is also a pho-
torefractive material possessing nonlinear optical
properties which are promising to be used in mod-
ulators, electro-optic switches, and frequency dou-
blers [6]. It is further very desirable to develop a
sensor for metal ions, CO2 and N, containing bases
such as ammonia, amine, and nucleotides, hav-
ing detection ability up to their trace level. More-
over, the polymer shows high thermal and environ-
mental stability along with fiber and beads mak-
ing ability [7]. Therefore, it was desirable to syn-
thesize PCz based Ag nanocomposite to develop
synergistic properties.
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Herein we used a strategy to adsorb Ag+1 and
Fe+3 oxidants onto Ag NPs which were prepared
by polyol reduction method to polymerize car-
bazole adhering to the surface of NPs [8]. The ex-
ploitation of Ag+1 and Fe+3 to polymerize car-
bazole around Ag NPs has been carried out to fab-
ricate the composite materials. The morphology of
the nanocomposite and polymer-metal phases was
analyzed by TEM. The polymer was further char-
acterized by FT-IR as PCz. Finally, surface plas-
mon resonance (SPR) of metal NPs and their dis-
persion behavior was explored. The data indicated
the successful synthesis of Ag+1 and Fe+3 assisted
Ag@PCz nanocomposites, their innate preserva-
tion, and finally their improved dispersion which
aimed at maximum utilization of the nanostruc-
tures. Otherwise, agglomeration of pure NPs could
be a cause to destroy the properties of nano-
domain. The study also revealed the effect of corre-
sponding anions over the metal nanostructure. The
study would be helpful to make better selection of
oxidizing salts, while considering the effect of an-
ionic part over metal NPs. The report would pro-
mote the exploitation of Ag@PCz nanocomposites
in the field of electro/photo conductivity, electric
and optical chromic displays, and sensors for de-
tection of metal ions, CO2 and N containing bases,
such as ammonia, amine, and nucleotides.

2. Materials
AgNO3 (99.8 %), ethylene glycol (96 %),

ethanol (99.8 %), acetone (99.5 %), and acetoni-
trile (95 %), were purchased from Beijing Shiji.
PVP (K30) was bought from Fuchen Chemical
Reagent Company, Tianjin. Carbazole monomer
(95 %) was bought from Shanghai Zhixin Chemi-
cal Industry Co., Ltd., and was recrystallized in 1:1
of n-hexane/isopropanol solution before the use.
Cupric acetate (98 %) was bought from Beijing Yili
Chemical Reagent Company.

3. Method
The Ag@PCz nanocomposite was prepared in

two steps, the first step was a synthesis of Ag
NPs and the second step was a formation of PCz

thin sheathing around the NPs to obtain Ag@PCz
nanocomposites. The description of each step is
given in the following sections.

3.1. The synthesis of Ag nanoparticles

The Ag NPs were prepared by polyol reduction
method, where ethylene glycol (EG) was used as
a solvent for making solutions and also as a re-
ducing agent. According to the typical approach,
10 mL EG was refluxed for two hours at 130 °C
to remove water content. Then 6 mL, 0.1 M solu-
tion of AgNO3 and 6 mL 1.5M solution of PVP
were added simultaneously into refluxed EG within
10 minutes. On addition, yellow color appeared
which gradually turned into bluish gray within 15
to 20 minutes. The whole reaction system was kept
at 130 °C for one hour. The product was washed
and centrifuged several times using acetone and
ethanol to remove PVP and EG. The washing pro-
cess was repeatedly used, until the washing liquid
appeared clear. In this way NPs were prepared and
used for composite synthesis.

3.2. Synthesis of Ag@PCz nanocomposite

The oxidizing agents applied for Ag@PCz syn-
thesis were AgNO3, and FeCl3, respectively. In
case of AgNO3 as oxidizing agent, 0.1g AgNO3
was dissolved in 6 mL ethanol and mixed with
Ag NPs prepared in step one by ultrasonication for
10 minutes. It was subsequently centrifuged to re-
move the non-adsorbed cations and anions. It has
already been reported that Ag nanostructure can
adsorb Ag+1 due to the common ions effect [9].
It was mixed with 5 mL, 0.1 M carbazole solu-
tion in acetonitrile. The reaction was allowed to
continue for 48 hours. Similarly, in case of FeCl3,
which is very suitable oxidizing agent for carbazole
polymerization, 0.1 g FeCl3 was dissolved in 5 mL
ethanol and mixed with Ag NPs. It was again cen-
trifuged to remove non adsorbed compound and
then mixed with 0.1 M carbazole solution in ace-
tonitrile. The reaction was allowed to continue for
48 hours. In both cases metal ions were adsorbed
onto the Ag NPs and activated by surface initiated
polymerization around NPs. In this way, both metal
ions were found successful in preparing Ag@PCz
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nanocomposite. The material was washed with
ethanol and deionized water, and dried for further
analysis.

4. Results and discussion

The morphology of Ag NPs prepared at 130 °C
was observed under TEM, which showed that the
nanomaterial comprised of nanoparticles having di-
ameter in the range of 60 to 70 nm. These NPs were
adsorbed by Ag+1 and Fe+3 ions and subsequently
surface initiated polymerization of carbazole was
accomplished. The pure Ag NPs and surface coated
Ag NPs assisted by Ag+1 and Fe+3 ions are shown
in Fig. 1. According to the data given in Fig. 1a,
the Ag NPs produced by polyol reduction method
are spherical with the diameters in the range of 60
to 70 nm. Moreover, according to Fig. 1b and 1c,
the nanocomposites were produced by Ag+1 and
Fe+3 respectively. Both oxidizing agents proved
successful in producing surface coating with the
thicknesses of 5 to 8 and 10 to 12 nm, respectively.
Moreover, surface of Ag NPs remained intact when
Ag+1 was used as oxidizing agent whereas its tex-
ture corroded when Fe+3 was used. It was due to
some Cl−1 which has strong reactivity with Ag. It
was also observed that during the polymerization,
the NPs were also crosslinked in isolated form, i.e.
without making agglomerations. Therefore, it was
observed that Ag+1 and Fe3+ are effective oxidiz-
ing agents which could adsorb onto the surface of
NPs and then polymerize the monomer around the
surface of Ag nanostructures.

The polymerization of carbazole around Ag
NPs by Ag+1 and Fe+3 was further characterized
by FT-IR which is shown in Fig. 2. Both the spec-
tra show N–H stretching at 3430 cm−1 and aro-
matic ring stretching at 1610 cm−1 of polymer [10].
The C–N stretching observed at 1450 cm−1 is very
prominent in case of Fe+3 and weak in case of
Ag+1. It might be due to the greater thickness of
polymer surfactant when Fe+3 was used. The bands
at 820 and 740 cm−1 are the bands of polymeriza-
tion which reflect the polymerization from 3, 6 po-
sition of carbazole [11]. In case of Ag+1 all bands
are shifted toward the lower wavenumber. This may

Fig. 1. TEM pictures of (a) pure Ag NPs (b) Ag+1, (c)
Fe+3 based nanocomposite.
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be the effect of doping of metal ions. Thus, the
FT-IR proves that PCz assisted by both metal
cations has been fabricated over Ag nanostructures.
Moreover, the composite would combine the prop-
erties of both components, which are thermal sta-
bility, resistance against oxidation, photo- and elec-
troluminescence along with appropriate charge and
plasma density of metal NPs.

Fig. 2. FT-IR spectrum displaying PCz synthesized by
(a) Ag+1 and (b) Fe+3 adsorbents.

The metal NPs display surface plasmon res-
onance (SPR), which is the basic characteristic
of metal based NPs having diameter larger than
2.00 nm [12]. It is specifically related with dimen-
sion and nature. The SPR of Ag NPs and Ag+1

based nanocomposite are shown in Fig. 3a and the
nanocomposite produced by Fe+3 is displayed in
Fig. 3b. According to the data presented in Fig. 3,
it can be realized that pure Ag NPs possess SPR
behavior at 445 nm and it remains intact with ref-
erence to the position for carbazole polymerized
by Ag+1, but slight decrease in intensity due to
surface passivation is observed [8]. However, in
case of FeCl3 the polymer thickness was found
to be significantly increased which caused an in-
tense decrease in SPR and blue shifting. In addi-
tion, TEM reflected the surface corrosion of Ag
NPs which was due to the presence of Cl−1 ions in
the reacting mixture that reacted with nano Ag and

decreased its size, what resulted in the blue shift in
SPR. However, the decrease in SPR intensity could
also be related with the basic concept of surface
passivation, which states that as the passivation is
increased the SPR would decrease [13]. Moreover,
in Fig. 3b the π–π* transition of polymer at 293 nm
is observed which is missing in Fig. 3a. It can be
assumed that the π–π* transition was due to high
density of polymer around Ag NPs [14]. From the
SPR observation it was inferred that the polymer
coating passivated the SPR of NPs with respect to
its thickness. Moreover, the preservation of SPR in
each case indicates that the metal nanostructures
during polymerization maintained their nature and
have not undergone to frequent oxidation. After
surfactant coating their preservation against envi-
ronmental oxidation was further improved as the
SPR character remained intact. The strategy en-
abled us to utilize the material in composite form
in light emitting diodes, solar cells and PCz based
dyes [8]. Furthermore, by heating at 500 to 600 °C
under inert atmosphere, the surfactant can fully be
removed and pure NPs can be employed for their
innate applications, such as antimicrobial, catalytic
and enzyme immobilization [15].

Fig. 3. SPR expression of (a) Ag NPs and Ag+

based PCz nanocomposite, (b) Fe+3 based PCz
nanocomposites.

The polymers have varying degree of interac-
tion with different solvents, and therefore can make
dispersion, suspension or true solution. The inter-
action of PCz with common organic solvents such
as methanol, ethanol, acetone and halogenated sol-
vents is considerably greater as compared to many
other polymers, like polypyrrole, polyannilin, poly-
thiophene [16]. Therefore, the utilization of PCz as
a surfactant is expected to considerably enhance the
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Fig. 4. Zeta potential measuring the dispersion behavior of (a) Ag NPs, (b) Ag +1 based Ag nanocomposite, and
(c) Fe+3 based Ag nanocomposite, respectively.

dispersion of metal nanostructures and delimit the
possibilities of coalescence that is a major draw-
back of metal nanostructures, by which they can
lose their desirable properties [17]. In order to im-
prove the dispersion of nano Ag in any suitable sol-
vent like ethanol, and similarly to decrease its ag-
glomeration propensity, the dispersion trend gov-
erned by PCz was determined by finding zeta po-
tential. The dispersion behavior displayed by zeta
potential values of pure Ag NPs, Ag+1 and Fe+3

assisted PCz coated Ag NPs in ethanol is displayed
in Fig. 4. The Ag NPs have a propensity to ag-
glomerate due to their high potential energy, which
was reduced significantly as denoted by respective

data. The dispersion behavior of pure Ag NPs as
reflected by zeta potential values is of −7.5 mV.
However, it was observed that dispersion of Ag
was increased from −7.5 to 0.2 when it was coated
by PCz by using Ag+1 and to 9.7 mV when it
was coated by Fe+3. Therefore, PCz coating in a
composite form was found to be useful to increase
its dispersion behavior. The data revealed that the
dispersion of nanostructures was enhanced as the
polymer thickness was increased. These dispersed
composite nanostructures could be immobilized on
alumina, nickel or glass substrate to study their ana-
lytical applications: in detection of metal ions, CO2
and N containing bases, such as ammonia, amine,
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and nucleotides. They can also be transformed into
a film to investigate the electro/photo conductivity
and electric and optical chromic behavior [18].

5. Conclusion
The Ag NPs encapsulated by PCz were synthe-

sized in two steps. The first step was a synthesis
of Ag NPs by polyol reduction method and the sec-
ond step was fabrication of PCz around the Ag NPs
by using Ag+1 and Fe+3 as adsorbed oxidants. The
morphology of each composite was determined by
TEM, which clearly demonstrated the phase of
metal NPs and polymer coating. FeCl3 was found
to have higher potential to cast the polymer coating
as compared to AgNO3. FT-IR confirmed PCz as
polymer by showing N–H, N–C and ring stretch-
ing vibrations. The optical behavior was found to
be preserved when NPs were coated by polymer,
however, in case of FeCl3, for which the polymer
coating was considerably thicker, π–π* transition
was also observed. Similarly, in this study, the dis-
persion behavior was found significantly increased
when NPs were coated by PCz, however, the in-
crease was connected with the increase in poly-
mer thickness. It was more pronounced in case of
FeCl3. Therefore, it was concluded that PCz which
possess good optical and dispersion behavior could
be tailored around Ag NPs in a composite form
and a material ensuring conservation of existing
properties along with combining of complementary
characteristics. The study could be helpful to ex-
plore luminescent, electrochromic behavior, sens-
ing ability and metal atom detection ability of PCz
based Ag nanocomposite synthesized by Ag+ and
Fe+3 using as oxidants.
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