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ABSTRACT 

Continuing with our previous work, in which CdSe nanoparticles were functionalized 

with polystyrene (PS) brushes (CdSe-PS) by grafting through method, nanocomposites 
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were prepared by adding them to a poly (styrene-b-butadiene-b-styrene) (SBS) triblock 

copolymer. After characterizing CdSe-PS nanoparticles obtained at different 

polymerization times of 3, 5 and 8 h by means of thermogravimetric analysis (TGA) 

and gel permeation chromatography (GPC), CdSe-PS nanoparticles obtained after 5 h of 

polymerization (CdSe-PS(5h)) were chosen as the most adequate for the generation of 

nanocomposites. Atomic force microscopy (AFM) was used for morphological 

characterization of SBS/CdSe-PS (5h) nanocomposites. AFM images showed a good 

dispersion of the nanoparticles in the block copolymer, with the placement of the 

nanoparticles in the PS domains due to the improved affinity obtained by their 

functionalization with PS brushes. 

 

1. INTRODUCTION 

Self-assembly of block copolymers (BC) have been studied extensively for more than 

four decades due to the rich variety of nanostructures that can be generated depending 

on the nature of the blocks, molecular weight, composition, and processing 

characteristics [1-7]. These kinds of materials could open a way to generate different 

nanostructures with applications in fields such as medicine [8,9] and electronics [10]. In 

that way, selective incorporation of inorganic nanoparticles into specific locations of 

nanophase-separated structures could enable to obtain nanocomposites with prominent 

features such as optic, electronic, and magnetic properties, which could lead to the 

generation of remarkable photonic and microelectronic devices [11−20]. 

On the other hand, semiconductor nanocrystals, such as CdSe quantum dots, vividly 

illustrate the impact of the nanoparticle size on electronic properties. In these 

nanoparticles quantum confinement gives discrete electronic states, quite distinct from 

the classic valence-conduction band description. In the case of nanocomposites prepared 

with CdSe quantum dots, it is critical to preserve their optical and electronic properties 

(desirable for applications in electronic materials and biosensors) and to obtain an 

uniform dispersion of the nanoparticles in the matrix, avoiding their agglomeration. One 

way to overcome this problem is the functionalisation of the nanoparticle surface 

improving their affinity with the host phase of the copolymer [21,22].  
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In this work, CdSe functionalized with polystyrene brushes by grafting through method, 

obtained in previous work, were added to a SBS block copolymer which self-assembles 

into a lamellar morphology. Morphology of obtained nanocomposites was analyzed by 

atomic force microscopy (AFM). 

2. EXPERIMENTAL SECTION 

Materials 

2-Mercaptoethanol (ME), cadmiun sulfate hydrate (3CdSO4.8H2O), selenium metal 

powder (Se), sodium sulfite (Na2SO3) and N,N-dimethylformamide (DMF) were 

purchased from Panreac and used without further purification. Styrene monomer (St), 

2,2-azobis isobutyronitrile (AIBN) and methacryloxypropyltrimethoxysilane (MPS) 

were supplied by Aldrich and used without further purification. Styrene monomer 

(99%) was distilled under reduced pressure over CaH2 before use. Poly(styrene-b-

butadiene-b-styrene) (SBS) linear triblock copolymer (Dynasol C540), with 40 wt % 

polystyrene, was kindly supplied by Repsol-YPF. Mn of PS and PB blocks was around 

30,000 and 45,000 g mol
-1

, respectively. 

Polystyrene-grafted CdSe nanoparticle synthesis 

CdSe nanoparticles with polystyrene chains on the surface were prepared in a previous 

work [23]. In a first step, mercaptoethanol-stabilized nanoparticles, synthesized by 

aqueous methods [24], were modified in their surface with MPS silane group (CdSe-

MPS), anchoring a double bond on the surface. In a second step, polymerization of 

styrene was carried out during 3, 5 and 8 h with CdSe-MPS nanoparticles in the reaction 

media. UV-vis and XRD measurements demonstrated that the size of the nanoparticles 

did not change after the functionalization with PS chains [23]. 

Nanocomposite preparation 

Samples for AFM were prepared by casting toluene solutions of SBS/CdSe-PS mixtures 

(5 and 10 wt% of nanoparticles) onto glass substrates. Samples were then annealed for 

24 h at 102 ºC under vacuum and 24 h at room temperature for solvent removal. 

Previous rheological and morphological studies of SBS block copolymer set this 

annealing treatment as adequate in order to obtain a self-ordered structure [25]. 

Characterization 
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Thermogravimetric analysis (TGA) was performed with TGA/SDTA851 (Mettler 

Toledo) under nitrogen atmosphere at a heating rate of 10 ºK/min from room 

temperature to 600 ºC. Samples were prepared by drying under vacuum for solvent 

removal. 

Molecular weight and molecular weight distribution of polystyrene chains were 

determined by GPC with a Perkin- Elmer chromatograph equipped with a binary pump 

and a refractive-index detector. The mobile phase was THF, and the separation was 

carried out with four Phenomenex columns with an elution rate of 1 mL/min at 30 ºC. 

Columns were calibrated with polystyrene standards before the measurements, 

according to standard procedures. Polystyrene solutions were filtered through a nylon 

filter with a pore size of 0.20 μm. 

Atomic force microscopy images were obtained in tapping mode with a scanning probe 

microscope (Nanoscope IIIa Multimode, Digital Instruments) equipped with an 

integrated phosphorous doped tip/cantilever having a resonance frequency of 

approximately 75 kHz and a spring constant of about 3 N/m; the tip radius was lower 

than 10 nm. Images show the surface morphology in the left part and the simultaneously 

taken phase image in the right part.  

CdSe-PS nanoparticles were also analysed by transmission electron microscopy (TEM). 

A solution drop was deposited on a Formvard film Copper grid and examined in a 

Tecnai G2 20 Twin (FEI) microscope operating at an accelerating voltage of 200 keV in 

a bright-field image mode. 

3. RESULTS AND DISCUSSION 

CdSe nanoparticles functionalized with polystyrene brushes by grafting through method 

were characterized in a previous work [23]. Polymerization times of 3, 5 and 8 h were 

used. Whereas CdSe-PS nanoparticles obtained after 3 h of polymerization CdSe-

PS(3h) were not stable in toluene suspension and precipitated after few hours, 

functionalized nanoparticles obtained after 5 and 8 h (CdSe-PS(5h) and CdSe-PS(8h), 

respectively) were very stable with time.  

CdSe-PS nanoparticles were analyzed by TGA. Figure 1 shows the thermograms of the 

nanoparticles functionalized with polystyrene chains obtained after different 

polymerization times. CdSe-PS(3h) nanoparticles show a higher quantity of CdSe 
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nanoparticles when comparing with those obtained after 5 and 8 h of polymerization. A 

value of 40 wt% CdSe was obtained for CdSe-PS(3h) nanoparticles, while values of 

14% and 7.5% were obtained for CdSe-PS(5h) and CdSe-PS(8h), respectively. There 

could be two reasons for this behaviour. The first one could be the molecular weight of 

the polystyrene chains localized in the surface of the nanoparticles to be lower. The 

second reason could be that, as CdSe-PS(3h) precipitated from the suspension in 

toluene, the free polystyrene present in the solution was better eliminated. In addition, 

the temperature at which the weight loss of PS takes place has moved to higher values. 

As mentioned before, the higher amount of CdSe and the lower quantity of free PS 

could be the reason for this displacement [26]. 

GPC analysis were carried out to obtain the molecular weights of PS chains grafted on 

the nanoparticles surface. As in our previous work [23], to obtain an approximation of 

the molecular weight of PS chains, a polymerization at the same conditions but without 

the presence of nanoparticles in the media was carried out. Molecular weights obtained 

for the PS chains for CdSe-PS(3h), CdSe-PS(5h) and CdSe-PS(8h) were 9,000, 15,000 

and 20,000, respectively. As CdSe-PS(3h) nanoparticles were not stable in toluene 

suspension, and taking into account the molecular weight of the PS block in the SBS 

block copolymer (30,000), CdSe-PS(5h) were chosen to prepare the nanocomposites. In 

these nanoparticles the molecular weight of the PS chains is lower than that of the PS 

block chains. As in previous works a good dispersion was obtained for nanoparticles 

with brushes with a molecular weight of 20,000 [27] and a better wetting could be 

expected for nanoparticles modified with brushes with lower molecular weight [28], 

CdSe-PS(5h) ones were chosen. 

Once functionalized CdSe nanoparticles were chosen, they were added to SBS block 

copolymer to prepare the nanocomposites. Morphology of nanocomposites was 

analyzed by AFM. As it was commented above, an annealing treatment was done to 

obtain a self-ordered structure. As seen in previous works [27] a lamellar structure was 

obtained for the neat block copolymer.  

For 5 wt% SBS/CdSe-PS nanocomposites (figure 2), the morphology of SBS matrix 

was not significantly altered compared with that of neat SBS, obtaining a lamellar 

structure. Figure 2a shows CdSe-PS nanoparticles located in the PS phase. The value of 

the phase intensity has grown (brighter dots), thus indicating the presence of a harder 
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material. These points are located in the same position both in the phase and height 

images. Therefore, the affinity between CdSe nanoparticles and the PS block of the 

copolymer has been improved. In Figure 2b wider area of the nanocomposite can be 

seen. The good dispersion of the nanoparticles in the block copolymer is mantained, 

with no remarkable agglomerations. In addition, the bright dots are only located in the 

PS phase. 

Taking into account obtained nanoparticles size values [23], it is evident that the points 

are not single nanoparticles. In the grafting through functionalization method, the 

polymerization was carried out with silane-modified nanoparticles in the media and, 

distinctly from the grafting from method, where the polymer chain grows only from the 

surface of the nanoparticle, the functional group located in the surface of the 

nanoparticle could join a growing polystyrene chain in which there could be more 

nanoparticles previously joined. As the surface of the nanoparticles is multifunctional, 

with several double bonds, several chains could be bonded to different nanoparticles 

[29]. In fact, some polystyrene chains have grown from the surface of the nanoparticles, 

while some others are surrounding the nanoparticles. Due to these reasons it is supposed 

that CdSe nanoparticles, instead of being located individually, are bonded together with 

several polymer chains, creating a kind of network formed by nanoparticles and PS 

chains. Scheme 1 shows the creation of the network. To assure the disposition of 

nanoparticles TEM measurements were carried out. Figure 3 shows TEM image of 

CdSe-PS nanoparticles. As it can be seen, nanoparticles are not located alone. There are 

small groups (highlighted with circles) of nanoparticles and PS chains located together. 

These groups or networks are the ones placed in the PS phase of the block copolymer. 

When CdSe-PS nanoparticle amount is increased to 10 wt%, the lamellar self-structure 

of the block copolymer is still maintained. As it can be seen in figure 4, nanoparticles 

are located only in the PS phase of the block copolymer. As the amount of nanoparticles 

is increased, the number of bright dots has also increased. Figure 4a shows that 

nanoparticles, due to their high amount, have started to agglomerate in the PS lamellas. 

Only in very few cases the size of these agglomerates is big enough to break the PS 

lamella,. Anyway, the agglomerates seem to be small enough for being located at PS 

lamellas, and a good dispersion is obtained. As in the previous case, also for a wider 

area (figure 4b), a good dispersion of the nanoparticles is obtained for SBS/CdSe-PS(10 
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wt%) nanocomposites, with no remarkable big agglomeration of CdSe-PS nanoparticles 

that would break completely the lamellar structure.  

4. CONCLUSIONS 

An efficient method for obtaining nanocomposites based in semiconductive CdSe 

nanoparticles has been developed. After the obtention and characterization of CdSe 

nanoparticles funcionalized with PS brushes by grafting through method in a previous 

work, nanocomposites were prepared adding these nanoparticles to a SBS block 

copolymer that is able to organize into a lamellar morphology. Different polymerization 

times were analyzed by TGA and GPC measurements and finally CdSe-PS 

nanoparticles obtained after 5 h of polymerization were chosen for the preparation of 

nanocomposites. AFM measurements showed that a good dispersion of CdSe-PS 

nanoparticles was obtained, being them located in the PS phase due to improvement of 

the affinity of the nanoparticles with this phase by the presence of PS brushes on the 

surface. As the size of the bright points located in the PS phase is too big for a single 

nanoparticle, it was supposed that the nanoparticles were creating a kind network 

together with PS chains. At any rate, the size of this network is small enough to be 

located at PS lamellas, mantaining the lamellar structure of the block copolymer without 

breaking it.  
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Scheme captions 

 

Scheme 1 Creation of the CdSe/PS chains net 

 

Figure captions 

Fig. 1 TGA diagrams of CdSe-PS nanoparticles polymerized for a) 3, b) 5 and c) 8 h 

Fig 2 AFM image (left/right: height/phase) for a) 5 wt % SBS/PS-CdSe composite and 

b) image of a bigger area 

Fig. 3 TEM image of CdSe-PS nanoparticles 

Fig. 4 AFM image (left/right: height/phase) for a) 10 wt % SBS/PS-CdSe composite 

and b) image of a bigger area 

 

 


