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Layered Double Hydroxide—CdSe Quantum Dot Composites through Colloidal Processing:
Effect of Host Matrix —Nanopatrticle Interaction on Optical Behavior
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Layered double hydroxide (LDH)-monodispersed 4-nm CdSe nanoparticle composites were prepared through
restacking of layers of colloidally dispersed delaminated LDH in the presence of CdSe nanoparticles in
1-butanol. The composites exhibit a blue shift for CdSe absorption, which increases with a decrease in
nanoparticle content. The observed blue shift is due to the interaction of the quantum dots with the LDH
layers, which leads to surface modification of the nanoparticles.

Introduction size effects even though there is no direct observation of particle
. . sizes. The effect of hosthanoparticle interaction has not been
Quantum dots (semiconductor nanoparticles) occupy the

< . e studied in any of the reported work on these composites.
major part of current nanoparticle research due to their unique o .
optical propertied-3 Usually, the absorption edge of a semi- N all the existing methods, since quantum dots are grown
conductor shifts toward blue upon decreasing the particlé$ize  Within the layers, composites with uniformly sized nanoparticles
because of the quantum size effect. Tuning the band gap ofMay not be possible. We would not have any control over the
quantum dots is one of the fundamental interests in preparing9rowth of nanoparticles as it is affected by various factors such
novel materials. The band gap could be tuned either by changing@s the intercalation process, interaction between the precursor
the particle siz&® or by altering the particle surfatas surface  and host matrix, and the effect of posttreatment on the host
defects play an important role in altering the band gap of lattice. In addition, in different compositions of the same
semiconductor nanoparticles. It has also been shown thatcomposite, average particle size does not remain constant to
interaction with surrounding medium could also affect the help one understand the matriguest interaction. Typically,
optical behavior of semiconductor nanoparticiés. the particle size decreases with the decreased load of guest

Attempts have been made to prepare nanocomposites ofnanoparticles in the composite. Because of these reasons, there
guantum dots and inorganic hosts. For example, CdS nanopardis a need for new approaches to the preparation of nhanocom-
ticles have been grown in the pores of MCM-41 through posites comprised of nanoparticles and layered solids where the

intercalation of Cé" ions followed by reaction with p811 size of the nanoparticles is uniform in a given composite and
Quantum dots have also been grown within the layers of layeredidentical in all compositions of the same composite. Such
hosts such as smectit&s hydrotalcite?® and K;Ti4Oo.1¢ The composites can be prepared through colloidal processing.

motivation behind the preparation of these composites has been | yered solids can be readily delaminated in solvents to get
to find applications in photocatalysis. In most of the reported . 5igal dispersions of monolayers, and the dispersed mono-
work, a precursor is first intercalated within the layers and then layers can be reassembled to form the parent layered solid
Ilt |sthcontvertec|i |ntothna:jnofparilrt]:les by a s;utable} posttreaettTent. Almost all classes of layered solids have been shown to
n he typical method for the preparation o a SMeeUte 4o, minate in aqueous and organic solvents through suitable
ngnoparncle composite, the smectite clay is first lon e_xchanged manipulation of the interlayer region. Delamination of smectite
with the relevant metal ion and the exchanged solid is reacted clays1718graphite oxidd®20metal phosphate®;22and layered

with H,S to form the metal sulfide nanoparticles in the interlayer double hydroxide®-26 (LDHs) have been well studied. We have

region. In a slightly modified approach, Han etéteported a . N o . .
single precursor method for synthesizing a CdS/montmorillonite peen studying delamination of layered solids in organic media

s 628 : " : -
nanocomposite by intercalating CA[NESNH].Cl, into a clay in relcent 'Flme_§. | By |nterc?lat|ng a sunablelorganqphlhc

host followed by hydrothermal decomposition. Optical properties interlayer ion In a aYerEd S0 '_d’ we |n_duce delamination and
of the composites have been studied in most of these casesmonolayer colloidal dispersion in organic solvents. The solvated

and the observed optical behavior has been attributed to particleonolayers could be reassembled through either evaporation
or by changing the polarity of the medium. Capped nanoparticles
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colloidally dispersed monolayers of an LDH in the presence of
preformed, monodispersed, capped soluble nanoparticles of
CdSe. €

Experimental Section
d
Synthesis.LDH of the composition MgAI(OH)gNO3-2H,0 _

(LDH—nitrate) was prepared using the procedure due to
Olanrewaju et a#? A mixture of solutions of Mg(N@)2:6H,O

and Al(NOs)3-9H,0 in the molar ratio 2:1 was added dropwise
into a 1 Msolution of NH,OH with constant, vigorous stirring.
After the addition was complete, the resultant white slurry was
aged at 65C overnight. The solid product obtained was washed

Relative intensity
[

free of ions with decarbonated water followed by acetone and b
dried at 65°C in an air oven to constant weight. g

To get the dodecyl sulfate (DS), a surfactant, intercalated
LDH referred to as LDH-DS here afterward, 3.32 mmol (1 g) a

006
© 7 ;009

of LDH—nitrate was stirred with 18.92 mmol (5.5 g) of sodium

dodecyl sulfate (SDS) dissolved in 35 mL of decarbonated water
for 8 days in a sealed container. The product obtained was
washed with copious amounts of decarbonated water followed

by acetone and dried at 88 in an air oven to constant weight. ~ Figure 1. Powder X-ray diffraction patterns of LDHDS (a) and the

. . LDH— [ f th iti =11
Dodecanethiol-capped 4-nm monodisperse CdSe nanopar-3.5:1og ?Cs)e;cigg c();tejn% 10?18%"225 SitioResdMon 00 (b).

ticles were prepared as described by Gautam & Amounts
of 1.36 g of qadmium stearate, 0.158 g Qf selenium poyvder, Results and Discussion
0.2 g of tetralin, and 0.1 g of dodecanethiol were taken in 50
mL of toluene in a Teflon gasketed stainless steel bowit0% In Figure 1, we compare the pXRD patterns of the composites
filling). The bomb was held at 250C for 5 h and cooled to  with those of the matrix LDHDS. The first peak with thel
room temperature. The transparent red solution obtained wasspacing of 23.9 A of the LDHDS (Figure 1a) suggests that
treated with 2-propanol to precipitate CdSe nanoparticles. Thethe alkyl chains of DS lie almost parallel to theaxis with the
product was redissolved in toluene and precipitated again usingalkyl chains of the adjacent layers interpenetrating each other.
2-propanol. This procedure was repeated four times to get The basal spacing of the LDH depends on the nanoparticle
nanoparticles of identical particle size. content in the composite. It increases from 23.9 to 27.6 A for
CdSe nanoparticles were dispersed in 1-butanol by sonicating? 1:100 composite (Figure 1b) and reaches a value of 30.1 A
at ~70 °C for 2 h. Similarly, LDH-DS was delaminated and _for_a 10:100 composite (Figure 1e). The fact that the increase
dispersed in 1-butanol under identical conditions. Both the IN interlayer spacing is dependent on the nanoparticle content
colloids were mixed in different proportions and sonicated for suggests _that the Qbserved interlayer expansion is not brought
an additional hour. Composites recovered by evaporating the 220Ut by intercalation of solvent molecules. In all the compos-
solvent at~100 °C were washed repeatedly with acetone and ltes, t_he 00 reflectlon_s are quite broadened. For e>§ample, the
dried in an air oven at 65C to constant weight. The mass ratios full width at half maximum (fwhm) of the 006 reflection of the

; ; . . . . parent LDH-DS is 0.58, while it increases to 0.85n the 1:100
rlrgggggr:_g Hzénltgg composites were 1:100, 3.5:100, 5:100, 10: composite and it steadily increases with the nanoparticle load

) to reach a value of 1.20or the 10:100 composite. This indicates

To study the effect of the high-temperature treatment and ot the nanoparticles are partially intercalated in the layered
sonication during the composite preparation on CdSe nanopar-jig. Only partial intercalation is expected, as the nanoparticle
ticles, a part of the nanoparticle sample was sonicated in contents in the composites are insufficient for complete inter-
1-butanol f@ 3 h and the resultant colloid was evaporated at ¢a|ation. Partial intercalation would lead to a structure similar
100 °C and the resultant product, the heat-treated CdSe tg jnterstratified structuréswith the basal spacing being the
nanoparticle, was compared with as-prepared CdSe. weighted average of spacings from the intercalated and unin-

Characterization. The powder X-ray diffraction (pXRD) tercalated regions. The possibility of the presence of a physical
patterns of the materials were recorded on a Philips X'Pert Pro mixture of LDH—DS crystallites and CdSe nanopatrticles may
diffractometer fitted with a secondary graphite monochromator. be ruled out from the observation that the basal spacing and
Cu Ko radiation with4 = 1.5418 A was used. Data were the peak broadening of the l0Beflections of the composites
collected at the rate ofer minute over the@range of 2-65°. increase with an increase in the load of nanoparticles in the
Infrared spectra were obtained from a Nicolet Model Impact composite. If the composites were only physical mixtures, then
400D FTIR spectrometer with 4 crhresolution. Sample pellets  the basal spacing should have remained 23.9 A in all the
were made by pressing a mixture of the sample and KBr in the composites and the OQreflections should not have been
required ratio. Transmission electron microscopic (TEM) in- broadened at all or broadened to the same extent in all the
vestigations were carried out using a JEOL 200CX instrument composites.
operated at 160 kV. High-resolution electron microscopic  To confirm that the nanoparticles are indeed incorporated in
(HREM) studies were carried out using a TECNAI F30 electron the interlayer region of the host, we prepared a composite with
microscope operated at 300 kV. UWis absorption spectra of  an excess of nanoparticles. In Figure 2, we compare the low-
powder samples were recorded in reflectance mode using aangle XRD of the composites. While the composites with lower
Perkin-Elmer Lambda 35 spectrometer. loads of nanoparticles (parts a and b of Figure 2) exhibit their
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26 (degrees) Figure 3. IR spectra of LDH-DS (a), CdSe nanoparticles (b), LBH
Figure 2. Left panel shows the low angle X-ray diffraction patterns CdSe composites of the compositingssdmon = 1:100 (c), and 25:
of LDH—CdSe composites of the compositimgasdm on = 5:100 (a), 100 (d).

10:100 (b), and 25:100 (c). The right panel compares the X-ray o ) _
diffraction pattern of the free CdSe nanoparticles (d) with the relevant (Figure 3d) shows features similar to the 1:100 composite with
regions of the diffraction patterns of the composites of composition only a variation in intensity arising out of the lower load of the

nbdst_DH = 10:100 (e) and 25:100 (f) host matrix_
_ _ o The TEM image of the CdSe particles shown in Figure 4a
first reflection at around 3similar to the parent LDHDS indicates that the sample is made of almost uniform 4-nm

(Figure 1a), the composite witfncasdmpn = 25:100 (Figure  spherical particles. Low-magnification TEM images of two of
2c) shows fits first reflection att2= 1.6 corresponding to @a  the composites (5:100 and 10:100) are shown in parts b and ¢
basal spacing of-56 A due to a complete intercalation of the  of Figure 4. The dark regions indicate the presence of the
nanoparticles in the interlayer region. particles. The darker contrast is due to the higher mass thickness
The pXRD pattern of dodecanethiol-capped CdSe nanopar-in those regions as the average atomic number of the nanopar-
ticles (Figure 2d) is similar to that reported by Gautam éfal. ticle is higher than that of the matrix. The image also indicates
and indicates a cubic zinc blende structure for the particles asthat the particles are distributed uniformly in the composite.The
shown by these authors through simulation studies. A small inset in Figure 4b is a selected area diffraction pattern showing
region of the XRD patterns of the composites shown in parts e the (220) and (311) rings from the cubic CdSe phase. Figure
and f of Figure 2 shows two peaks corresponding to the (220) 4d is a higher magpnification image of the 5:100 composite
and (311) reflections of the CdSe nanoparticles. The nature ofshowing a set of larger fringes along with another set of
these reflections in the composite remains almost identical to underlying lattice fringes of the nanoparticles distributed through
that of the free nanoparticles suggesting that the nanoparticlesthe entire composite. For the most part, the larger fringes show
have the same structure, size, and shape in the composites. varied distances of 141.6 nm which cannot be attributed to
The IR spectra of the composites are compared with thosethe LDH—DS layers as it has an interplanar distance of 2.39
of the LDH—DS host and the CdSe nanoparticles in Figure 3. nm in the unintercalated state and which should be even more
In the host LDH-DS, DS are the only interlayer ions as in the nanoparticle intercalated state. Thus, we assume these
confirmed by the absence of the nitrate absorption peak aroundfringes to be Moifefringes arising from the interaction of

1381 cnvt or carbonate absorption peak around 1364 tin intercalated and unintercalated crystallites of the LDH or the
the IR spectrum (Figure 3a). The broad and sharp absorptioninteraction of the LDH crystallites and the nanocrystals. The
around 1180 cm! in Figure 3a corresponds to the=8 underlying finer fringes, which are about 0.35 nm, are due to

stretching vibration of the sulfate group of DS. The strong the nanoparticles. The average extent of a particular set of
absorptions at 2857, 2930, and 2960 ¢éran be attributed to  underlying finer fringes is of the order of 4 nm, which is in
the C—H stretching vibrations of the alkyl chains of DS, whose agreement with the particle size of the free CdSe nanopatrticles.
nature suggests that the alkyl chains take up an all-trans This confirms that the particle size of the nanoparticles remains
conformation®233 The presence of the capping agent, dode- unaffected in the composites.

canethiol, in the CdSe nanopatrticle is confirmed by the presence In Figure 5, we show the U¥vis absorption spectra of the

of sharp C-H stretching vibrations around 2860, 2930, and 2960 host LDH-DS, free CdSe nanaoparticles, and the composites.
cmt (Figure 3b). Here again, the alkyl chains take up an all- The host solid (Figure 5a) has no absorption in the region
trans conformatiof® The IR spectrum of the 1:100 composite studied. CdSe nanoparticles (Figure 5b) show an absorption
(Figure 3c) shows features of both the host LBBIS and the maximum at 576 nm with the band gap energy) (calculated
CdSe nanoparticles. However, the-8 stretching absorptions  from the band edge being 2.071 eV. The slope of the band edge
are slightly modified in intensity indicating conformational is quite high, indicating monodispersity. The composites (parts
changes arising from the interaction of the alkyl chains of the d—h of Figure 5) show a blue shift in the absorption maximum
capping agent molecules with the alkyl chains of the interlayer and the band gap of the CdSe particles. The extent of the shift
surfactant ions. The IR spectrum of the 25:100 composite increases with a decrease in the nanoparticle content in the
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b

Figure 4. Low-resolution image showing CdSe nanoparticles of the order of 4 nm (a), bright field images from the 5:100 (b), and 10:100 (c)

composites showing uniform distribution of particles in the matrix. The inset in (b) shows the diffraction pattern from the composite showing 220
and 311 rings from the cubic CdSe phase. (d) High-resolution image of the composite showing extensive Moire fringes.

TABLE 1: Absorption Maxima and Eg4 of CdSe
Nanoparticles Compared with Those of the Composites

absorption
sample maxima (nm) Ey (eV)

free CdSe nanoparticles 576 2.071
heat-treated CdSe nanoparticles 576 2.071
25:100 composite 562 2.072
10:100 composite 561 2.074
5:100 composite 558 2.090
3.5:100 composite 555 2.102
1:100 composite 531 2.177

eV for free CdSe nanoparticles, it increases to 2.177 eV in the
1:100 composite.
The optical behavior of the composites can be explained as
follows. The absorption maximum arig} of the nanoparticles
can be altered by changing the particle size, altering the surface
of the particles, or by mere deaggregation. It could be argued
that the size and shape of the particles could have been affected
by processes such as oxidative etching due to the aggressive
0 550 600 650 treatment-sonication and heatireduring the preparation of the
Wavelength (nm) composites. However, free nanoparticles subjected to conditions
Figure 5. UV—vis absorption spectra of LDHDS (a), free CdSe identicgl t(_) those employed _during composite preparatibh
nanoparticles (b), heat-treated CdSe nanoparticles (c) along with theOf sonication and evaporation at 10C (heat-treated CdSe
composites of the compositiomcgsdmpn = 1:100 (d), 3.5:100 (e), nanoparticles, Figure 5eshow optical behavior identical to
5:100 (f), 10:100 (g), and 25:100 (h). Arrows indicate the absorption that of the starting CdSe patrticles (Figure 5b) suggesting that
maxima. the CdSe particles do not change in size, shape, and dispersity
during the composite preparation experiments. In addition, from
CompOSite as listed in Table 1. While the absorption maximum the TEM images of the composites (Figure 4), it is obvious
for the free CdSe nanoparticles is 576 nm, it is decreased tothat the particle size of the CdSe nanoparticles in the composites
562 nm in the 25:100 composite. As the CdSe load decreasesis the same as that of the free particles.
the absorption maximum decreases steadily to reach the value The aggregation of semiconductor nanoparticles results in the
of 531 nm in the 1:100 composite. The band gap of the particles delocalization of energy states, and this delocalization is lost
in the composites also shows a similar trend. While it is 2.071 when the sample is diluted in a matrix. Thus, dilution/

Absorbance
| %

5

o
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