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a b s t r a c t

In this work, the synthesis and characterization of ZnS–sodium carboxymethyl cellulose nanocompos-
ite films were studied. The film was prepared by casting after the in situ precipitation of ZnS in sodium
carboxymethyl cellulose (NaCMC) aqueous solution. The in situ method avoids nanoparticles aggrega-
tion and improves its dispersion. The resulting nanocomposite was characterized by X-ray diffraction
(XRD), Fourier transformed infrared spectroscopy (FTIR) and transmission electron microscopy (TEM).
eywords:
arboxymethyl cellulose
nS
ptical properties
uantum dots

The results showed that ZnS nanoparticles with a blende structure and a particle size in the range of
few nanometers are well dispersed in the sodium carboxymethyl cellulose films. Optical properties
were analyzed by using UV–vis spectroscopy and photoluminescence spectroscopy (PL). The resulting
nanocomposite films showed optical transmission between 50% and 90% influenced by the amount of ZnS
nanocrystals into the nanocomposite films. The PL spectra of the nanocomposite films exhibits a broad
visible emission band centered at 445 nm under UV light excitation (� = 320 nm). These luminescent films

plica
might have a potential ap

. Introduction

Semiconductor nanocrystals, usually known as quantum dots
QDs), exhibit very interesting optical properties and have attracted
nterest due to their size dependant properties, stemming from
heir quantum confinement effects and large surface area (Kuiri
t al., 2007; Mu, Gu, & Xu, 2005). ZnS has a direct wide band-gap
nergy ranging from 3.5 to 3.7 eV and has became very attractive
ue to its low toxicity when is compared to other semiconductors
Velumani & Ascencio, 2004). These properties make ZnS suitable
or several applications as bioelectronics and light emitting devices
Rosseti, Ellison, Gibson, & Brus, 1984). A wide variety of synthe-
is methods have been used to prepare ZnS nanocrystals such as
ol–gel (Arachchige & Brock, 2007; Hebalkar et al., 2001), solid
tate (Calandra, Longo, & Liveri, 2003), micro-wave irradiation (Zhu,

hou, Xu, & Liao, 2001) and ultrasonic irradiation (Xu, Ji, Lin, Tang,
Du, 1998). In addition, physical methods such as sputtering (Kuiri

t al., 2007) and thermal evaporation (Velumani & Ascencio, 2004)
echniques have also been studied in detail to prepare ZnS films.
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tion in security paper by using an optical signature.
© 2010 Elsevier Ltd. All rights reserved.

Semiconductor nanoparticles dispersed into a flexible matrix are
required due to the advances in organic based electronic devices.

During the last decade several research works about the incor-
poration of QDs with a high photoluminescent properties dispersed
in polymers and cellulose or cellulose derivatives polymers have
been previously investigated (Generalova et al., 2009; Gruzintsev
et al., 2009; Guo, Chen, & Chen, 2007; Li et al., 2009; Pandey
& Pandey, 2009). The increasing interest in the preparation of
such materials arises from their potential application in security
paper or sheets with optical signatures. Abitbol et al. reported
the preparation of CdSe/ZnS semiconductor nanoparticles in cel-
lulose triacetate (CTA) by mixing a QDs dispersion with a CTA
solution. A clear film was obtained by solvent casting process. The
nanoparticle dispersion in CTA was increased by adding hydropho-
bic ligands that passivated QDs surface (Abitbol & Gray, 2007). In
addition, the preparation of fluorescent cellulose nanocomposite
films and fluorescent hydrogels by mixing alkali soluble cellu-
lose and QDs dispersed in water has also been reported (Chang,
Peng, Zhang, & Pang, 2009; Qi, Chang, & Zhang, 2009). In a dif-
ferent approach, the in situ precipitation method has been an

efficiency technique to manipulate and to process nanoparticles
in technologically useful formulations based on nanocomposites.
During this process the nanoparticles grow in the polymer matrix,
whose molecules play a dual role; first stabilize and isolate the
generated nanoparticles avoiding aggregation and after drying,

dx.doi.org/10.1016/j.carbpol.2010.12.021
http://www.sciencedirect.com/science/journal/01448617
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erve as a confined medium that protects the nanoparticles sur-
ace (Rozenberg & Tenne, 2008). Ruan, Huang, and Zhang (2005)
eported the preparation of QD/polymer composite films by using
he in situ precipitation of CdS nanoparticles in cellulose solu-
ion and the subsequent casting of the resulting CdS/cellulose
n NaOH/urea aqueous solution. A novel approach, reported the
reparation of hydrogel–silver nanocomposites via in situ in the
resence of three different polymers: gum acacia (GA), sodium
arboxymethyl cellulose (NaCMC) and starch (SR) to control sized
anoparticles (Vimala, Samba Sivudu, Murali Mohan, Sreedhar, &
ohana Raju, 2009).
Sodium carboxymethyl cellulose (NaCMC) is a cellulose deriva-

ive obtained through the reaction between a cellulose alkali with
odium monochloroacetate. NaCMC is an anionic water soluble
olymer and has been gained interest due to its properties, such as
igh transparency in the spectral region where the QDs emit and
lm forming ability. NaCMC has been widely used in several appli-
ations such as drug delivery, textile printing and paper industry,
mong others. Recently a lot of interest has been paid in the syn-
hesis of hybrid nanocomposites based on NaCMC with potential
pplication in the paper industry. Carboxymethyl cellulose–copper
omplexes [CMC–Cu(II)] were prepared as paper additive and it
as found that durability and the strength properties of wood
ulp paper sheet were increased (Basta & El-Saied, 2008). On the
ther hand optical properties such as the brightness and opacity of
he paper sheets were markedly enhanced by adding a functional
ormulation based on CMC-calcium carbonate fillers nanocompos-
tes (Shen, Song, Qiana, & Yang, 2010). In this work, we report
he in situ precipitation of ZnS nanoparticles in NaCMC as poly-

er matrix. NaCMC acts as stabilizing agent during ZnS synthesis
nd as matrix after subsequent casting of the ZnS–NaCMC aque-
us solution providing a confined medium for ZnS particle growing
esulting in a uniform size. The ZnS–NaCMC nanocomposite solu-
ion gives a transparent film in visible region after casting. The
esulting nanocomposite films were characterized by X-ray diffrac-
ion (XRD), Fourier transformed infrared spectroscopy (FTIR) and
ransmission electron microscopy (TEM). In addition, the optical
roperties of the nanocomposites were studied by UV–vis spec-
roscopy and photoluminescence spectroscopy.

. Experimental

.1. Materials

Reagent grade zinc nitrate hexahydrate (Zn(NO3)2·6H2O) and
odium sulfide nonahydrate (Na2S·9H2O) were acquired from
ermont, Mexico, and sodium carboxymethyl cellulose (NaCMC)
heavy metals ≤ 0.002%, and DS = 0.7), was purchased from Aldrich
ll reagents were used as received without additional purification.

.2. Preparation of ZnS–NaCMC nanocomposites

In a typical process 0.7312 g of NaCMC were dissolved in 30 mL
f deionized water at room temperature until a clear solution
as formed. 0.1487 g of zinc nitrate were dissolved in 5 mL of
eionized water and added to the NaCMC water solution and kept
nder stirring for 30 min. 0.12 g of sodium sulfide were dissolved

n 5 mL of deionized water and added drop-wise to the zinc nitrate
nd NaCMC solution at room temperature. The mixture was kept
nder stirring at room temperature until the solution turns milky

hite. The solution of ZnS–NaCMC nanocomposite was dialyzed
sing standard cellulose dialysis tubing. Finally the ZnS–NaCMC
anocomposite solution was casted into a petri dish and dried
t 60 ◦C under vacuum for 24 h. Additional experiments varying
he weight % ratio of Zn(NO3)2/Na2S/NaCMC were carried out. The
Fig. 1. (a) Scheme for the ZnS in situ precipitation process using NaCMC as polymer
matrix and (b) FTIR spectra of as received NaCMC, zinc–CMC sample and ZnS–NaCMC
nanocomposite.

resulting samples were denoted as S2, S3 and S4 for the 15/12/73,
29/24/47 and 44/36/20 wt% ratio respectively.

2.3. Characterization

Fourier transformed infrared spectroscopy (FTIR) was per-
formed by using a Nicolet FT-IR Spectrometer 6700. X-ray
diffraction patterns were acquired using a Bruker Advanced solu-
tions D8 equipment, provided with a Cu tube with K� radiation at
1.54 Å, scanning in the 25–75◦ 2� range with increments of 0.03◦

and a swept time of 8 s. The semiconductor nanoparticles were ana-
lyzed by transmission electron microscopy (TEM) on JEOL 2010F at
200 kV. Samples were dispersed in water at room temperature and
sonicated. Aliquots were dropped on 3 mm diameter carbon film
copper grids. The optical characterization of ZnS–NaCMC nanocom-
posite was carried out by UV–vis spectroscopy in a PerkinElmer
Lambda 35 UV–vis system. The photoluminescence (PL) character-
ization was performed at room temperature on a PerkinElmer L55
Fluorescence Spectrometer under an excitation of 320 nm from a
7.3 W Xe lamp.

3. Results and discussion
3.1. Structure characterization

ZnS nanoparticles were in situ synthesized into the sodium
carboxymethyl cellulose (NaCMC). Fig. 1a shows the proposed
mechanism for the in situ precipitation of ZnS nanoparticles into
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aCMC matrix. During this process NaCMC and zinc nitrate were
issolved in water, and a Zn–CMC complex was formed through the
lectrostatic interaction between Zn2+ ions and carboxylic groups
n CMC. Once the Na2S solution was added to the mixture, the reac-
ion between Zn2+ and S2− ions was immediate forming the ZnS
anoparticles. The reaction was evidenced by a change in the color

orm clear to milky white. FTIR analysis was performed in order
o study the in situ precipitation synthesis of ZnS and the inter-
ctions between the semiconductor nanoparticles and the CMC
atrix. Fig. 1b shows the FTIR spectra of the NaCMC, Zn–CMC

nd ZnS–NaCMC samples. The FTIR spectrum of the NaCMC dis-
lays the asymmetric stretching vibration band of ether groups at
058 cm−1 and the symmetric and asymmetric modes of stretch-

ng vibration of carboxylic groups (COO–) at 1600 and 1417 cm−1

espectively. In addition, a FTIR spectrum of the NaCMC treated
ith the zinc nitrate solution was acquired. The spectrum displays

imilar characteristic bands of NaCMC, however, the band asso-
iated to carboxylic groups was shifted to a higher wavenumber
1612 cm−1) possibly due to their strong interaction with the Zn2+

ons forming a Zn–CMC complex during the in situ precipitation
rocess. The interactions between divalent ions and NaCMC form-

ng complexes have been studied using FTIR analysis and a similar
hift in the wavenumber of the carboxylic group absorption band
as been observed (Franco et al., 2007). In addition, a strong band
t 1390 cm−1 associated to NO3

− ions was also observed. The FTIR
pectrum of ZnS–NaCMC nanocomposite displays similar charac-
eristic bands of Zn–CMC sample. However, after the formation
f ZnS nanoparticles through the reaction between Zn2+ and S2−

ons, the carboxylic groups interacted with the Na2+ ions in solu-
ion shifting the stretching vibration band of carboxylic groups
COO–) at 1600 cm−1, similar to that the original FTIR spectrum of
odium CMC. Based on these observations it is possible that due to
he strong interaction between zinc precursor and the CMC matrix
orming a complex (Zn–CMC), an electrostatic stabilization occurs
uring the ZnS nanoparticles precipitation trough the adsorption of
aCMC on ZnS nanocrystal surface, as can be illustrated in Fig. 1a.
he vibration band assigned to NO3

− ions was undetectable in the
TIR spectrum of ZnS–NaCMC nanocomposite which suggests that
urification process can efficiently remove reaction by-products
rom the ZnS–NaCMC nanocomposite. ZnS does not display vibra-
ions bands at this range of analysis.

In order to study the crystalline structure of ZnS nanoparti-
les deposited into the NaCMC matrix, the resulting dispersion was
reeze-dried and the powders were analyzed by XRD. Fig. 2 shows
he XRD patterns of NaCMC and several ZnS–NaCMC nanocom-
osite powders prepared using different amount of zinc precursor
uring in situ precipitation reaction labeled as S2, S3 and S4. The
aCMC diffraction pattern displays a broad peak at 20◦ associ-
ted with the low crystallinity of NaCMC structure that has been
reviously observed (Shang, Shao, & Chen, 2008). However, the
iffraction patterns of ZnS–NaCMC nanocomposite powders (S2, S3
nd S4) display three broad diffraction peaks at 28.95◦, 48◦ and 58◦,
hich agree very well with the crystallographic planes of (1 1 1),

2 2 0) and (3 1 1) in the cubic crystalline structure of ZnS (JCPD
o. 77-2100). The peaks intensity of XRD pattern of S4 sample is
igher than those of XRD diffraction patterns of S2 and S3 nanocom-
osites. This is possibly because of the amount of precursor salts
dded during ZnS precipitation was higher than the amount added
n the rest of the experiments resulting in a higher concentration
f nanocrystals. The average particle size for the S4 nanocomposite
as calculated from the XRD data following the Scherrer equation
Eq. (1))

L〉 = 0.89�

ˇ cos �
(1)
Fig. 2. XRD patterns of the NaCMC sample and the ZnS–NaCMC nanocomposites
obtained with different amount of precursor salts of ZnS: S2, S3 and S4.

where � is the wavelength of the incident X-rays, � is the half of
the diffraction angle 2� in degrees and ˇ is the full width at half
maximum of the diffraction peak. The estimated particle size for the
S2, S3 and S4 ZnS–NaCMC nanocomposites samples ranged from
1.8 to 2 nm using the FWHM of the 2� = 28.9◦.

3.2. Morphological characterization

In order to study the morphological characteristics of dispersed
ZnS nanoparticles into NaCMC matrix, the S4 sample was analyzed
by TEM and the resulting images are shown in Fig. 3. Low magnifi-
cation images show a good dispersion of ZnS nanoparticles in the
NaCMC evidenced by the presence of isolated nanoparticles in the
observed area. This suggests that NaCMC acts as stabilizing agent
during the ZnS synthesis avoiding aggregation and crystal growth.
After casting, the particles remain encapsulated and well dispersed
by the matrix. The particle size was measured from the TEM images
and the average particle size was estimated to be 3 nm. This value is
similar to that obtained using the XRD data. In addition, the HRTEM
image shows a crystalline nanoparticle and lattice fringes with pla-
nar spacing of 0.311 nm which agree with the (1 1 1) planar distance
in ZnS blende crystalline structure.

3.3. Optical characterization

Fig. 4 shows the optical characterization of the nanocompos-
ite films, which was performed by acquiring transmittance spectra
(Fig. 4a) and absorption spectra (Fig. 4b) in the wavelength region
of 200–800 nm. The S2 and S3 ZnS–NaCMC nanocomposite films
exhibit optical transmission between 90% and 70% under the vis-
ible light region. However, the optical transmission was notable
decreased by increasing the amount of ZnS nanocrystals in the

nanocomposite leading a transmission of 50% for the S4 nanocom-
posite films. On the other hand, the UV–vis absorption spectra for
the nanocomposite samples (S2, S3 and S4) are shown in Fig. 4b and
they display an intense absorption at 322 nm which is shifted to a
shorter wavelength as compared to that of large ZnS particles (Tong
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Fig. 4. Optical characterization of ZnS–NaCMC nanocomposites. (a) Transmission
spectra of S2, S3 and S4, ZnS–NaCMC nanocomposite films. Inset: pictures of respec-
ig. 3. TEM analysis of S4 nanocomposite. (a) Bright field image and (b) HRTEM
mage.

t al., 2007). The optical band gap energies (Eg) for the nanocom-
osites prepared using different amount of precursor salts of ZnS
ere 3.79 eV, 3.69 eV and 3.67 eV for the S2, S3 and S4 nanocompos-

tes respectively (Fig. 4c). The obtained direct band gap values are
igher than that reported for bulk ZnS cubic crystalline structure
3.54 eV) due to the quantum confinement in the ZnS nanoparticles
nto NaCMC matrix (Ubale, Sangawar, & Kulkarni, 2007). In addi-
ion, the direct band gap value of the S2 nanocomposite sample is
igher than those obtained for the S3 and S4 nanocomposites. This
hift is possibly due to the poor crystallinity of ZnS nanoparticles
n the S2 sample, which is supported by the low peak intensity
n their XRD pattern. The poor crystallinity increases the num-
er of localized states increasing the band gap energy value (Tan
t al., 2005). Fig. 5 shows the room-temperature PL spectra for the
everal ZnS–NaCMC nanocomposite films. All nanocomposite films

pectra display a broad and intense blue emission band centered
t 445 nm under UV light (� = 320 nm) excitation. The spectrum of
he S4 sample shows stronger PL intensity than the spectra of S3
nd S2 nanocomposite films, most likely because the amount of
tive films, (b) optical absorption spectra of S2, S3 and S4, ZnS–NaCMC nanocomposite
films and (c) plots of (˛h�)2 vs photon energy for S2, S3 and S4, ZnS–NaCMC
nanocomposite films.

ZnS nanoparticles in the S4 sample is higher than for the rest of the

samples resulting in a strong PL emission. This result agrees with
the XRD analysis where the XRD pattern of S4 shows the strongest
diffraction peak intensity which implies a high crystalline fraction
in the nanocomposite film. The PL blue emission has been observed
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ig. 5. PL spectra for NaCMC and S2, S3 and S4, ZnS–NaCMC nanocomposite films.
nset: pictures of nanocomposites films under UV lamp (� = 365 nm).

n a wide variety of undoped ZnS nanostructures and it has been
ttributed to structural defects such as sulfur vacancies and zinc
nterstitial defects (Zhang, Shi, Chen, Hua, & Yan, 2001). In this
ase, the blue emission in the nanocomposite film is attributed to
he sulfur vacancies in non-stoichiometry ZnS originated during its
ynthesis at room temperature. However, additional experiments
hould be done in order to refine this assertion.

. Conclusions

We demonstrated photoluminescent nanocomposite films
ased on ZnS nanoparticles embedded in NaCMC by the in situ
pproach. The ZnS nanoparticles with sizes about 3 nm and cubic
rystalline structure were deposited in the CMC matrix. The
anocomposite films showed optical transmission between 50%
nd 90% influenced by the amount of ZnS nanocrystals into the
anocomposite films. The optical band gap of ZnS nanoparticles
as higher than that of bulk ZnS structures due to the quantum

onfinement. In addition, the ZnS–NaCMC nanocomposite films
how a blue emission centered at 445 nm under UV light excitation
� = 320 nm). These nanocomposites can be used in photolumines-
ent polymer formulations which can be easily incorporated into
aper sheets in order to prepare a security paper.
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