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a  b  s  t  r  a  c  t

A  facile,  simple,  and eco-friendly  method  using  4-acetamido-2,2,6,6-tetramethypiperidine-1-oxyl
radical-oxidized  curdlan  (Oc)  as  both  reducing  and  stabilizing  agents  was  developed  for  the  fabrication
of  silver  nanoparticles  (AgNPs)  from  silver  nitrate  (AgNO3). The  structure,  morphology,  and  particle  size
of  the  as-prepared  AgNPs  were  investigated  by ultraviolet-visible  spectroscopy,  transmission  electron
eywords:
urdlan
-Acetamido-TEMPO
reen synthesis
ilver nanoparticles

microscopy,  energy  dispersive  X-ray  spectrometry,  X-ray  diffraction,  and  dynamic  laser  light  scattering.
The well-dispersed  AgNPs  were  sphere  like  with  a mean  diameter  of  15 nm.  Their  formation  was  depend-
ent  on  reaction  duration,  reaction  temperature,  Oc concentration,  and  AgNO3 concentration.  Fourier
transform-infrared  and Raman  spectra  demonstrated  that  the as-prepared  AgNPs  can  readily  bind  cova-
lently  with  the carboxylate  groups  of Oc through  the  strong  monodentate  interaction  in  the  reaction
medium.
. Introduction

Nanotechnology is considered as the most advanced technol-
gy in the 21st century. It is closely related to physics, chemistry,
iology, material science, and medicine. It has been widely used in
iomedicine for the development of nanoparticle (NP)-based drug
elivery systems, rapid pathogen detection, biomolecular sensing,
nd NP-based cancer diagnosis and therapy (Daaboul et al., 2010;
allaj-Nezhadi, Lotfipour, & Dass, 2010; Miranda, Creran, & Rotello,
010; Portney & Ozkan, 2006). In particular, silver (Ag) NPs are
referred over bulk metals because of their distinctive electri-
al, electronic, thermal, optical, magnetic, catalytic, sensing, and
ntimicrobial functionalities (Lara, Garza-Treviño, Ixtepan-Turrent,

 Singh, 2011; Ravindran, Chandran, & Khan, 2012). Numerous
ethods, including chemical reduction (Lee & Meisel, 1982), ther-
al  decomposition (Yang, Matsubara, & Xiong, 2007), laser ablation

Simakin, Voronov, Kirichenko, & Shafeev, 2004), and sonochemi-
al synthesis (Salkar, Jeevanandam, Aruna, Koltypin, & Gedanken,
999), have been utilized for the synthesis of AgNPs. Among these

ethods, chemical reduction using sodium borohydride and citrate

s reducing and protecting agents, respectively, is the most com-
on  approach to prepare AgNPs (Evanoff & Chumanov, 2005).
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The preparation of AgNPs using biopolymers has drawn
considerable attention (Eby, Schaeublin, Farrington, Hussain, &
Johnson, 2009; Matthew, Dickerson, Sandhage, & Naik, 2008;
Xia, Monterio-Riviere, & Riviere, 2010). Under relatively mild
conditions, biomacromolecules can be used as both reducing
and stabilizing agents to synthesize high-yield and environment-
friendly AgNPs in aqueous solution. As the most abundant polymers
in the biosphere, natural polysaccharides are potential candidates
for the preparation of AgNPs. Raveendran, Fu, and Wallen (2003)
was the first to report the complete green synthesis of AgNPs using
�-d-glucose and starch as reducing and stabilizing agents, respec-
tively (Raveendran et al., 2003). Several polysaccharides, such as
starch, cellulose, chitosan, dextran, heparin, and hyaluronan fibers,
have been widely used as both reducing and stabilizing agents
to fabricate AgNPs (Abdel-Mohsen et al., 2012; Bankura et al.,
2012; Chen, Wang, Zhang, & Jin, 2008; Kemp & Linhardt, 2010;
Raveendran et al., 2003; Wei  & Qian, 2008).

Curdlan is a neutral bacterial exopolysaccharide composed pri-
marily of linear �-(1,3)-glycosidic linkages. It has been widely
applied in the food and pharmaceutical industries because of its
unique gelling properties and important bioactivities. However,
the water-insolubility of curdlan limits its practical applications.
Carboxymethylation has become one of the most important and

effective methods used to improve the functional properties of
curdlan (Jin, Zhang, Yin, & Nishinari, 2006). Carboxymethyl curd-
lan (CMc) can act as both reducing and stabilizing agents for the
synthesis of AgNPs because of its hydroxyl and carboxylic groups

dx.doi.org/10.1016/j.carbpol.2013.05.049
http://www.sciencedirect.com/science/journal/01448617
http://www.elsevier.com/locate/carbpol
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Leung, Wong, & Xie, 2010; Wu,  Zhang, & Zhang, 2012). How-
ver, the preparation of CMc  usually depends on the use of the
sterification reagent chloroacetic acid, which is potentially toxic
o the environment. Recent studies have reported the regioselec-
ive oxidation of the C6 primary hydroxyl groups of curdlan using
,2,6,6-tetramethypiperidine-1-oxyl radical (TEMPO) or its analog
s a catalyst under mild conditions (Tamura, Wada, & Isogai, 2009;
amura, Hitora, Saito, & Isogai, 2010; Watanabe, Tamura, Saito,
abu, & Isogai, 2012). TEMPO- or 4-acetamido-TEMPO-oxidized
urdlan (Oc) contains numerous hydroxyl and carboxylic groups.
hus, similar to CMc, Oc can also be used as both reducing and
tabilizing agents for the green synthesis of AgNPs.

This study aims to develop a novel approach for the green
ynthesis of AgNPs using 4-acetamido-TEMPO-Oc as both reduc-
ng and stabilizing agents under various reaction conditions. The
tructure, particle size, and morphology of the as-prepared AgNPs
ere investigated by ultraviolet-visible (UV-vis) spectroscopy,

ransmission electron microscopy (TEM), energy dispersive X-ray
pectrometry (EDX), X-ray diffraction (XRD), dynamic light scat-
ering (DLS), Fourier transform-infrared spectroscopy (FT-IR), and
aman spectroscopy. The formation mechanism of the AgNPs was
lso discussed in this study.

. Materials and methods

.1. Materials

Commercial curdlan (DPw 6790) was obtained from Wako Pure
hemical Corporation (Osaka, Japan). 4-Acetamido-TEMPO-Oc was
ynthesized following the method described by Tamura et al.
Tamura et al., 2010). The carboxylate (COO−) content of Oc was
etermined to be 4.87 mmol/g using electric conductimetry titra-
ion (Saito, & Isogai, 2004). 4-Acetamido-TEMPO and silver nitrate
AgNO3) were purchased from Sigma–Aldrich Chemical Corpora-
ion (St. Louis, MO,  USA). All other chemicals and solvents were of
aboratory grade and used without further purification.

.2. In situ synthesis of AgNPs

AgNPs were synthesized by direct mixture of AgNO3 and 4-
cetamido-TEMPO-Oc in aqueous solution. Briefly, 1.0 mL  each of
ifferent concentrations of AgNO3 solution (1.0–100 mM)  and Oc
0.1–2.0 mg/mL) were mixed under continuous stirring at differ-
nt temperatures (70–100 ◦C) and durations (30–120 min) in the
ark. The progression of the reaction was monitored by UV-vis
bsorption.

.3. Size-exclusion chromatography with multi-angle laser-light
cattering (SEC-MALLS) analysis

The weight-average molecular weight (Mw) and radius of gyra-
ion (

〈
S2

〉
z1/2) of the Oc in 0.1 M NaCl were determined by

EC-MALLS (DAWN HELEOS II, � = 658 nm:  Wyatt Technologies
orporation, USA). A differential refractive index detector (RI, 2414,
aters Corporation, USA) and a 515 pump (Waters Corporation,

SA) with a SEC column (OHpak SB-806 M HQ, 8 mm Ф × 30 cm,
hodex, Japan) in 0.1 M NaCl at 25 ◦C were used. The eluent was
.1 M aqueous NaCl at a flow rate of 0.5 mL/min. The polysaccha-
ide solution and solvent were purified by a 0.45 �m filter and then
egassed before use. The injection volume was 100 �L with a con-

entration of 1.0 mg/mL  for the sample. The specific RI increment
dn/dc) of Oc in 0.1 M NaCl was 0.125 mL/g (Shibata, Yanagisawa,
aito, & Isogai, 2006). The Astra software was utilized for data acqui-
ition and analysis.
ymers 97 (2013) 391– 397

2.4. Characterization

The UV-vis spectra of the as-prepared AgNPs using Oc were
recorded in a Varian cary 100 spectrophotometer (Varian Co.,
USA) from 300 nm to 600 nm.  FT-IR spectra were recorded from
500 cm−1 to 4000 cm−1 using a Nexus 670 FT-IR instrument
(Thermo Nicolet Co., USA). Raman spectra were recorded from
500 cm−1 to 3500 cm−1 using a DXR Raman microscope (Thermo-
electron Co., USA) equipped with He–Ne laser (532 nm,  10 mW).
The as-prepared AgNPs were observed using a Malvern Zetasizer
Nano (3000 SHA Malvern Instruments Ltd., UK) at 632.8 nm and
90◦ scatterring angle. The average particle size was measured based
on the DLS analysis. TEM (JEM-2100, JEOL Ltd., Japan, 200 kV) was
used to characterize the size and morphology of the as-prepared
AgNPs. For the preparation of test samples, a drop of the sample
solution was  placed on 300 mesh carbon-coated copper grids and
then dried at room temperature for 30 min. An EDX spectroscope
(Inca Energy-350, Oxford Co., UK) attached to an SEM (JSM-7100F,
JEOL Ltd., Japan) was used to determine the elemental composition
of the AgNPs. A wide-angle XRD instrument (D8-Advance, Bruker
Co., Germany) was  used to characterize the critical structure of the
AgNPs. XRD patterns with Cu K� radiation (� = 0.15406 nm)  at 40 kV
and 40 mA were recorded in the region of 2� from 30◦ to 80◦ with
a step speed of 4 ◦/min.

3. Results and discussion

3.1. Chain conformation of Oc

SEC combined with MALLS is a convenient approach for the
determination of Mw,

〈
S2

〉
z1/2, and the polydispersity (Mw/Mn)

of polymers in solution. Fig. 1a shows the SEC chromatogram of Oc
in 0.1 M aqueous NaCl at 25 ◦C. Based on the results of SEC-MALLS,
the values of Mw,

〈
S2

〉
z1/2, and Mw/Mn for Oc were calculated to

be 1.2 × 105 g/mol, 59.8 nm,  and 1.38, respectively. The single peak
suggested the absence of aggregation or polysaccharide of different
structures in the aqueous solution. The SEC-MALLS chromatogram
can produce the function of

〈
S2

〉
z1/2 = f · M˛

w. The power law
of the former can be estimated from many experimental points
in the SEC chromatogram (Mendichi, Giammonab, Cavallarob, &
Giacometti Schieronia, 2000). The exponent may  provide additional
insights into the conformation of the polymer solution. The expo-
nents of 0.33, 0.50 to 0.60, and 1.0 often reflect the chain shape
for the adaptation of sphere, random coil, and rigid rod, respec-
tively (Kato, Okamoto, Tokuya, & Takahashi, 1982; Picton, Bataille,
& Muller, 2000). Fig. 1b shows the log-log plot of

〈
S2

〉
z1/2 against

Mw for the Oc in 0.1 M aqueous NaCl at 25 ◦C. The obtained ˛
value of 0.71 suggested that the Oc in 0.1 M NaCl aqueous solu-
tion was in the state between random coil and rigid rod, which was
exhibited as a semi-flexible chain conformation. The conversion
of C6-CH2OH groups to C6-COO− groups significantly destroyed
the intra- and inter-molecular hydrogen bonds and reduced the
main-chain hydrophobicity that was indispensable to stabilize the
triple strand of curdlan. Furthermore, the introduction of C6-COO−

groups enhanced the steric hindrance between the polymer chains,
leading to the relatively expanded random coil conformation of Oc.

3.2. Preparation of AgNPs

AgNPs were prepared using Oc as both reducing and stabilizing

agents. The abundance of COO− groups in Oc enriched the Ag+ ions
in solution, thus facilitating the formation of AgNPs. The prepa-
ration of Oc-stabilized AgNPs is almost similar to that of AgNPs
using CMc  (Leung et al., 2010). The different factors affecting the
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ig. 1. (a) SEC chromatogram of the Oc in 0.1 M NaCl aqueous solution at 25 ◦C by S

w in double logarithmic coordinate for the Oc in 0.1 M NaCl aqueous solution at 2

eduction efficiency and stability as well as the shape and size of
he formed AgNPs are given below.
.2.1. Effect of reaction duration
Fig. 2a shows the UV-vis absorption spectra of AgNP col-

oidal solutions prepared from 1 mL  of Oc (1 mg/mL) with 1 mL  of

ig. 2. UV-vis absorption spectra for the AgNPs prepared on different (a) durations, (b) te
 is the photo of the Oc-Ag nanoparticles.
LLS. “Detector: AUX1” represents a relative concentration; (b) plot of
〈

S2
〉

z1/2 vs.

 SEC-MALLS.

AgNO3 solution (10 mM)  at 100 ◦C for different durations. A slight
absorption band at approximately 410 nm appeared after 30 min

of reaction. This band became significantly visible after 45 min  of
reaction, suggesting the presence of spherical AgNPs in the sys-
tem (Jradi et al., 2010). The peak was symmetrical and showed
no obvious absorption from 450 nm to 600 nm,  indicating that

mperature, (c) concentrations of AgNO3, and (d) concentrations of Oc.  The inset in
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ig. 3. (a) Typical TEM image, (b) EDX spectrum from SEM, (c) XRD pattern, and (
0  mM AgNO3.

egligible aggregation occurred in this reactive system (Chen et al.,
008). Meanwhile, the color of the Oc-AgNO3 solution changed
rom colorless to golden yellow, further indicating the formation
f AgNPs. The UV-vis spectra of Oc showed that the absorbance at
10 nm became stronger with prolonged heat treatment, indicating
hat several Ag ions were reduced and used for cluster formation.
owever, the reaction duration for AgNP formation using Oc was

onger than that using CMc. This difference may  be attributed to
he different structures and chain conformations of Oc and CMc.

.2.2. Effect of reaction temperature
Fig. 2b shows the UV-vis spectra of the AgNPs prepared at dif-

erent temperatures under the following reaction conditions: Oc
nd AgNO3 concentrations of 1 mg/mL  and 10 mM,  respectively,
nd reaction duration of 120 min. The results indicated that the
eduction efficiency below 90 ◦C was not enough for the complete
ransformation of Ag+ into AgNPs. The absorption band at ∼410 nm
as clearly observed when the reaction temperature was  increased

o 100 ◦C, which corresponded to the surface plasmon response
SPR) (Huang & Xu, 2010). This result indicated that Ag+ was trans-
ormed into Ag0. Thus, the preparation of AgNPs from Oc should be
ontrolled at 100 ◦C or above.

.2.3. Effect of Oc concentration
Fig. 2c shows the UV-vis spectra of the AgNPs prepared

ith different concentrations of Oc (0.1 mg/mL  to 2.0 mg/mL)
nd 10 mM of AgNO3 at 100 ◦C for 120 min. At a low Oc con-

entration of 0.1 mg/mL, Ag+ was not sufficiently reduced and
tabilized for the preparation of AgNPs. When the concentration
f Oc increased from 0.1 mg/mL  to 0.5 mg/mL, the absorption band
ppeared at ∼410 nm,  indicating the formation of AgNPs. When the
rticle size distribution from DLS analysis of AgNPs prepared by 1.0 mg/mL Oc and

concentration of Oc increased up to 2.0 mg/mL, the absorption
intensity gradually increased and the shape of the absorption band
became much narrower. These results revealed that the prepared
AgNPs from Oc were spherical and monodisperse with decreased
size (Hutter & Fendler, 2004). In the present study, 1.0 mg/mL  of
Oc in the reaction medium was  enough for the preparation of
AgNPs. Neither AgNP aggregation nor polymer phase separation
was observed under this condition.

3.2.4. Effect of AgNO3 concentration
Fig. 2d shows the UV-vis spectra of the AgNPs prepared using

different concentrations of AgNO3 (1–100 mM)  and 1.0 mg/mL of
Oc at 100 ◦C for 120 min. The intensity of the absorbance band
at ∼410 nm enhanced with increasing AgNO3 concentration. This
result indicated that the content of AgNPs in the reaction medium
increased with increasing AgNO3 concentration. In addition, the
maximum plasmon absorption band at ∼410 nm did not red shift.
This result indicated that the size of the AgNPs remained unchanged
with increasing AgNO3 concentration because of the presence of
Oc macromolecules. The concentration of AgNO3 suitable for the
preparation of AgNPs was found to be 10 mM.  At this concentra-
tion, the aggregation of AgNPs was prevented. In addition, high Ag
concentrations favored the thermal process, which led to less selec-
tivity for the transformation of isotropic Ag seeds into anisotropic
triangular prisms (Xue, Meǐtraux, Millstone, & Mirkin, 2008).

3.3. Characterization of AgNPs
Fig. 3a shows the typical TEM image of the AgNPs (Oc-AgNPs)
synthesized with 1.0 mg/mL Oc and 10 mM AgNO3 at 100 ◦C for
120 min. As shown in the figure, most of the particles were isotropic
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Fig. 4. Schematic outline of the green synthesis of AgNPs by using Oc. (For interpre-
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nd reasonably monodisperse. Almost all of the nanoparticles were
ell separated with no signs of agglomeration. The average par-

icle size obtained from the TEM micrograph was  approximately
5 nm.  The size-dependent SPR and the yellow color of the as-
repared AgNPs indicated that a mean size of ∼15 nm was reliable
Huang and Xu, 2010). The TEM result was in good agreement
ith the SPR result for the nanoparticle size. Previous studies indi-

ated that the particle size of Oc-AgNPs synthesized by Oc is almost
imilar to those synthesized by lentinan (12 nm)  (Li, Zhang, Xu, &
hang, 2011), dextran (5–10 nm)  (Bankura et al., 2012), and marine
olysaccharide (13 nm)  (Venkatpurwar, & Pokharkar, 2011), but

ess than those prepared by CMc  (40 nm)  (Leung et al., 2010). The
hape remained sphere like in the present study and in previous
tudies.

Fig. 3b shows the EDX analysis of the Oc-AgNPs. The EDX
pectrum showed a strong and typical optical absorption peak
t approximately 3000 eV, which was attributed to the SPR of
he metallic Ag nanocrystals (Magudapatty, Gangopaghyayrans,
anigrahi, Nair, & Dhara, 2001). This result indicated that AgNPs
ere formed in the reaction medium. In addition, the presence

f Ag, C, and O elements also indicated that the nanocomposite
onsisted of Oc and AgNPs.

XRD analysis was performed to determine and confirm the crys-
alline nature of AgNPs. Fig. 3c shows the XRD spectrum of the
c-AgNPs. The peaks at approximately 38.3◦, 44.4◦, 65.0◦, 77.8◦ and
2.1◦ were attributed to the (1 1 1), (2 0 0), (2 2 0), (3 1 1) and (2 2 2)
lanes of the cubic structure of Ag (He, Yao, Xie, Gao, & Pang, 2001).
o peaks related to other crystalline phases were found. Among

hem, the diffraction peak at 38◦ was the only highly intense peak.
oreover, the ratio between the (2 2 0) and (1 1 1) peaks was  much

ower than the standard value (0.1 versus 0.4). These results further
emonstrated that the preferred orientation for the calcined AgNPs
as assigned to the (1 1 1) lattice plane.

Fig. 3d shows a histogram of the particle size distribution by DLS,
ith a mean particle diameter of 27 nm.  The diameter appeared a

ittle difference from the result determined by TEM measurement.
his was mainly due to the process involved in the preparation of
amples. In the case of the TEM method, a TEM image depicts the
ize at the dried state of the sample, whereas DLS method involves
he measurement of size in the hydrated state. In other words, the
ize determined by TEM is an actual diameter (dry state) of the
anoparticles, whereas the size measured by the laser light scat-
ering method is a hydrodynamic diameter (hydrated state), and
herefore the nanoparticles will have a larger hydrodynamic vol-
me  due to solvent effect in the hydrated state (Gao et al., 2008).
hus, the size of Oc-AgNPs measured by DLS method was larger
han the size observed by TEM method.

.4. Formation mechanism of AgNPs

Solutions of polymers, such as linear and dendritic polymers,
olyhydroxylated macromolecules, and polysaccharides, can be
sed for the green synthesis of nanoparticles. In particular, mod-

fied polysaccharides have been widely applied as both reducing
nd stabilizing agents for the green synthesis of AgNPs.

The C6-Oc prepared using 4-acetamido-TEMPO could act as a
emplate for the complexation of Ag ions because of its numer-
us hydroxyl and carboxylic groups. Fig. 4 depicts a schematic of
he green synthesis of AgNPs by Oc. Curdlan was  first oxidized
y 4-acetamido-TEMPO to prepare water-soluble derivatives con-
aining reducing and carboxyl groups. The triple helical chain of
urdlan was converted to a semi-flexible chain. The negatively

harged solubilized Oc facilitated the attraction of Ag+ ions to the
olymeric chains by electrostatic attractive forces. Some Ag+ ions
ere reduced by the available reducing groups of Oc. The produced
g0 atoms acted as nucleation centers and further catalyzed the
tation of the references to color in figure legend, the reader is referred to the web
version of the article.)

reduction of the remaining Ag+ ions to Ag0. Subsequently, Ag clus-
ters were formed by the coalescence of Ag0 atoms. The surface Ag+

ions were again reduced, during which aggregation did not cease
until high values of nuclearity were attained, which resulted in
larger particles. The process was stabilized by the interaction with
the polymer, thereby preventing further coalescence (Goia, 2004).

The FT-IR and FT Raman spectra of AgNPs were recorded to
determine the interaction between AgNPs and Oc molecules. Fig. 5a
shows the FT-IR spectra of the Oc and Oc-AgNPs. The Oc spectrum
showed that the absorption bands at 1620 and 1420 cm−1 were

attributed to the asymmetrical and symmetrical COO− stretching
vibrations, respectively (Donati et al., 2009). The Oc-AgNP spectrum
showed that a new absorption band at approximately 1384 cm−1,
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Fig. 5. (a) FT-IR and (b) FT Raman spe

hich was considered to be characteristic of carboxylic groups
dsorbed on Ag, corresponded to the symmetric stretching mode
f COO− groups. In addition, the slight red shift from 1620 cm−1

o 1625 cm−1 was  attributed to the asymmetrical COO− stretching
ibration, proving the interaction between the Oc molecules and
gNPs. The modes of monodentate, chelating bidentate, bidentate
ridging, and ionic interaction are often used to evaluate the type
f interaction between COO− groups and metal nanoparticles by
alculating the wave number difference (�) between the asymmet-
ical and symmetrical COO− stretching vibrations. The � ranges of
110, 140–190, and 200–320 cm−1 often reflect that the interaction
ype is chelating bidentate, bidentate bridging, and monodentate,
espectively (Liu, He, Durham, Zhao, & Roberts, 2008). The � value
as calculated to be 241 cm−1 (1625–1384 cm−1), indicating that

he type of interaction between the COO− groups and AgNPs was
onodentate. This result is similar to those of previous studies (Wu

t al., 2012).
Fig. 5b illustrates the FT Raman spectra of Oc and Oc-AgNPs.

he absorption band at approximately 243 cm−1 in the Oc-AgNP
pectrum was attributed to the Ag-O stretching vibration (Biswas,
appor, Mahal, & Mukherjee, 2007). This result further suggested

hat the interaction between Ag and the COO− groups of Oc
olecules was linked by a chemical bond. In addition, the strong

nd sharp peaks at 1350 and 1578 cm−1 suggested the direct bind-
ng of the COO− group with the Ag surface (Biswas et al., 2007).
he FT-IR and FT Raman spectra indicated that the COO− groups
f Oc molecules covalently and directly interacted with AgNPs by
onodentate interaction in aqueous solution.

. Conclusions

C6-Oc, exhibited as a semi-flexible chain in aqueous solution,
as utilized as both reducing and stabilizing agents for the green

ynthesis of AgNPs. The formation of AgNPs was affected by reac-
ion duration, reaction temperature, Oc concentration, and AgNO3
oncentration. It was monitored via color and UV-vis analyses.
he results confirmed that well-dispersed AgNPs were prepared
y hybridization of 1.0 mg/mL  Oc and 10 mM AgNO3 at 100 ◦C for
20 min. The particle size and morphology of the AgNPs were deter-
ined by TEM, EDX, XRD, and DLS analyses. The as-prepared AgNPs

ere spherical and monodispersed with a mean particle size of

pproximately 15 nm.  The abundance of hydroxyl and COO− groups
acilitated the complexation of Ag ions. The FT-IR and FT Raman
pectra indicated that the interaction between the COO− groups
Raman sh ifts (cm)

f Oc power and Oc-stabilized AgNPs.

of Oc molecules and AgNPs was monodentate. Oc-capped AgNPs
can be explored as a novel fluorescent sensing platform for nucleic
acid detection. The results of the present study provide impor-
tant insights into the interaction of bovine serum albumin. Further
investigations are currently underway.
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