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Abstract:   

Conjugated polymer/semiconductor quantum dots (QDs) composites are attracting 

increasing attention due to the complementary properties of the two classes of materials. We 

report a convenient method for in-situ formation of QDs, and explore the conditions required 

for light emission of nanocomposite blends. In particular we explore the properties of 

nanocomposites of the blue emitting polymer poly[9,9-bis(3,5-di-tert-butylphenyl)-9H-

fluorene] together with cadmium sulphide (CdS) and cadmium selenide (CdSe) precursors. 

We show the formation of emissive quantum dots of CdSe from thermally decomposed 

precursor. The dots are formed inside the polymer matrix and have a photoluminescence 

quantum yield of 7.5%. Our results show the importance of appropriate energy level 

alignment, and are relevant to the application of organic/inorganic systems in optoelectronic 

devices.  

 

1. Introduction 

The development of low-cost solution-processable hybrid materials is of increasing 

interest for the manufacturing of optoelectronic devices
1,2

. The easy processability of 

conjugated polymers together with the tunable properties of quantum dots (QDs) makes them 

attractive candidates for hybrid devices. Their complementary properties have led to their use 

in many applications including: light emitting displays
3,4

, solar cells2,5
, printable transistors

6
, 

biological labeling
7
 and sensing

8
. To date significant attention has been paid to the use of 

QDs made from metal sulphides, selenides and tellurides in optoelectronic devices fabricated 

using conjugated polymers due to their high charge mobility and broad spectral coverage 
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from the visible to the near infrared
9
. The conventional method for preparing such a 

conjugated polymer/QD nanocomposite is by mixing a polymer with previously prepared 

nanocrystals. The QDs are capped with ligands, and the combination of the use of ligands and 

surfactants confers solubility and prevents excessive aggregation.  However, the ligand and 

surfactant may also impede charge transport
10

. This approach furthermore requires the use of 

common solvents for nanocrystal and conjugated polymer, which can adversely affect the 

nanocrystal solubility and the orientation of the polymer chains. This approach also can be 

detrimental for the homogeneity of the sample surface quality resulting in poor device 

performance
11

. In this paper we explore an alternative approach in which QDs can be directly 

grown inside the conductive polymer matrix itself.
12,13

 The advantage of this approach is that 

there is no need to perform a surface ligand exchange in the growth and nucleation of the 

QDs. The conjugated polymer itself controls the growth of nanoparticles and thereby 

removes the need for additional capping agents. Varying the decomposition time and 

temperature of the molecular precursor can control the size of the QDs formed. Although this 

method does not allow exact control of the QD size and shape, it does provide intimate 

contact between the conjugated polymer and the QDs, enhancing the electronic coupling 

between them. As demonstrated in recent reports, luminescent CdS nanoparticles have been 

successfully grown in situ within a polystyrene matrix
14,15

 by thermal decomposition of 

precursor or within a polymethyl-methacrylate (PMMA) matrix by laser processing
16

. The in-

situ synthetic method was also employed to synthesize CdS nanoparticles in the conducting 

polymer P3HT for hybrid solar cells applications13. In-situ formation of light emitting dots by 

thermolysis of precursor inside the conjugated polymer matrix is not reported yet. 

The present work is motivated by the objective to obtain efficient light emission from 

in-situ formed QDs in the conductive polymer matrix for hybrid OLED as this could lead to 

light-emitting devices. To do this we explore the photophysics of precursor/conducting 

polymer nanocomposites by studying the role of the alignment of the highest occupied 

molecular orbital (HOMO) and lowest unoccupied molecular orbital (LUMO) levels of the 

organic and inorganic components. The mechanism behind emissive QD formation has been 

investigated by studying the dominance of charge separation or energy transfer between 

polymer and nanocrystals in the nanocomposites.  

In this paper, the blue emitting polymer poly[9,9-bis(3,5-di-tert-butylphenyl)-9H-

fluorene], PBPFO, (see figure 1(a)) was selected because of its high thermal stability.  It was 
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studied with precursors Cadmium diethylxanthate (CdDEX) and Cadmium 2-(N,N-

dimethylamino)ethylselenolate CdDAMSe (figure 1(b) and 1(c)) that can be thermally 

converted to CdS and CdSe respectively.  Hence nanocomposite films could be made by 

blending one of the precursors with the polymer, followed by heating. The formation of the 

CdS/CdSe QDs in the polymer matrix was studied by absorption and photoluminescence 

measurements and additional understanding of the QD growth and quality was achieved by 

high-resolution transmission electron microscopy (TEM) techniques.  

The paper is organized as follows. First, we discuss the photophysical properties of 

the polymer itself.  Second, thermolysis properties of precursors are discussed using TEM 

and absorption and emission results. Finally, the detailed transformation of the precursor 

molecules into CdS/CdSe nanoparticles in the polymer matrix during the thermolysis process 

is explained. In the discussion, we rationalize the molecular mechanism of the emissive 

nanoparticle formation based on energy level alignment of donor and acceptor. 

 

2. Materials and methods  

2.1 Materials Synthesis and Film Preparation: PBPFO homo-polymer was synthesized 

as reported in the literature
17

 with minor modifications. Specifically it was synthesized in a 

Yamamoto-type cross coupling reaction under microwave conditions, using the monomer 

2,7-dibromo-9,9-bis(3,5-di-tert-butylphenyl)-9H-fluorene. The polymer has an average 

molecular weight of Mn = 10400 and Mw = 18500. The monomer itself was synthesized using 

2,7-dibromofluorenone in four steps with an overall yield of 45%. Thermogravimetric 

analysis (TGA) of the polymer has showed it was stable up to 400 °C. The CdS precursor 

cadmium diethylxanthate (CdDEX) was synthesized as reported in the literature
18

 with minor 

changes. Specifically the synthesis is performed in the presence of 2,2’-bipyridyl (bipyridyl) 

acting as additional chelating ligand. This precursor belongs to the metal xanthate family, 

which are known to decompose cleanly at low temperatures into metal sulphide, here by 

generating only volatile side products
19

. The bipyridyl ligand in this precursor enables 

sufficient solubility of the xanthate in common organic solvents which otherwise would be 

insoluble. The protocol for the synthesis of the CdSe precursor cadmium 2-(N,N-

dimethylamino)ethylselenolate (CdDMASe) was adapted from the work
20

 of Kedarnath et al. 

It involved first making an aliphatic diselenide compound and then reacting it with a Cd [II] 

salt to give the metalorganic precursor. For CdSe this single source precursor binds two 
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Me2NCH2CH2Se fragments, leading to good solubility, clean thermal decomposition under 

generation of cadmium selenide (CdSe) QDs. Both precursors are soluble in toluene, stable at 

room temperature conditions and can be stored for weeks.  

 Neat films of the precursor alone and of nanocomposite films of polymer/precursor 

blend were prepared either by spin coating from toluene solution at 1500 rpm onto fused 

silica substrates.  The film used for spin-coating consisted of either precursor powder alone or 

precursor/polymer in ratio of 4:1 in toluene solvent at 50 mg/ml concentration. As prepared 

uniform films were baked at different temperatures inside a low vacuum 8x10
-2

 mbar for 

thermolysis.  

2.2 Photophysical and Structural Measurements: The solution photoluminescence 

quantum yield (PLQY) of the polymer was measured by a relative method using quinine 

sulfate in 0.5 M sulfuric acid, which has a PLQY of 0.546
21

, as the standard. 

Photoluminescence spectra were recorded in a JY Horiba Fluoromax 2 fluorimeter, with the 

solutions excited at 360 nm. The optical densities of the standard and sample were similar 

and small (∼0.1). The accuracy of these PLQY measurements is estimated to be ±10% of the 

stated value. Solid-state PLQY measurements of thin films were measured in an integrating 

sphere under a nitrogen purge
22

 in a Hamamatsu C9920-02 luminescence measurement 

system. 

For time-resolved fluorescence measurements samples were excited with 100 fs light 

pulses at 385 nm from the second harmonic of a Ti:sapphire oscillator (Spectra-Physics Mai-

Tai) output at 80 MHz. The emission from the samples was passed through a long-pass filter 

to remove the remaining excitation light and focused onto the slit of a spectrograph (Chromex 

250i). The output from the spectrograph was time-resolved with a Hamamatsu streak camera 

operating in synchroscan mode. The fluorescence decays were captured on a number of time 

ranges of the streak camera to ensure that any initial decay was resolved to a resolution of 2 

ps. The excitation density used was 5 nJ/cm
2
 or less to make sure all measurements were 

within the linear regime of the response.  

The transmission electron microscopy (TEM) measurements were performed with a 

Philips Tecnai F20 Schottky Field emission gun (FEG) instrument operating at 200 kV. The 

images were processed with Digital micrograph and ImageJ software. The QD size was 

determined manually, on the basis of the obtained high-resolution transmission electron 

microscope (HRTEM) images. The chemical composition was verified by means of energy 
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dispersive spectrometry (EDS) with an EDAX Phoenix spectrometer equipped with an ultra-

thin window detector and TEM image and analysis software. The samples for TEM 

characterization were deposited over a TEM grid with spin-coating using the same 

conditions. Copper TEM grids covered by Quantifoil® Holey Carbon film were used to 

maximize the area of the freestanding sample. 

 

3. Results and Discussion 

3.1 Photophysical properties of polymer: Figure 2a shows the absorption and 

fluorescence spectra of the polymer PBPFO in the solutions and as a thin film. The 

absorption has broad peaks at 380 nm in both solutions and thin film. The fluorescence peak 

in case of solutions is at 416 nm in solution and for films is red shifted by 9 nm to 425 nm. 

The photoluminescence quantum yield (PLQY) of the polymer in toluene solution is 65±5% 

and in the film spun with toluene is 32±3%. The time-resolved fluorescence results are shown 

in figure 2b and show that the film decay is faster than the solution.  Both decays can be fitted 

with single exponential functions with fluorescence lifetime of 220 ps in thin film and 425 ps 

in solution. The observed fast decay in films in comparison to solutions is due to aggregation 

of the molecules within the thin film which increases non-radiative decay. The single 

exponential decays for both solution and film suggest that there is only one emitting 

chromophore in the polymer. As there is only a single emitting chromophore the natural 

radiative lifetime can be calculated using the PLQY and the measured fluorescence lifetime.  

Using solution or film measurements gives the same natural radiative lifetime of 650±70 ps, 

indicating the identical nature of the emitting species in both solutions and films. This very 

short radiative lifetime is similar to the other fluorene-based polymers
23

 reported in the 

literature with advantage that this homopolymer has better thermal stability and better color 

purity. The thermal stability of this polymer has been checked by annealing the neat film up 

to 300 °C inside a low vacuum oven at 8x10
-2

 mbar and there is no green emission 

corresponding to fluorenone
24

 formation whereas we find that in other fluorene based 

polymers like poly(9,9-dioctylfluorene) (PFO) which produce huge green emission at such 

high temperatures. The PLQY of the polymer only slightly reduced to 28±3% when thin film 

of the polymer was baked at 200 °C for 10 minutes in comparison to 32±3% at room 

temperature. Color purity is another advantage of PBPFO polymer because in contrast to film 

of PFO it does not produce any red shifted emission associated with beta phase
25

. 
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3.2 Optical properties of neat films of precursors CdDEX and CdDMASe: The 

thermal decomposition properties of the single source precursors CdDEX and CdDMASe at 

various temperatures were studied in neat thin films using UV-Vis spectroscopy. Figure 3a 

shows the absorption spectra of CdDEX precursor neat film, which absorbed only below 350 

nm before annealing and has a peak at 305 nm due to the bypyridine group in the precursor. 

Heating causes longer wavelength absorption to appear. This is due to conversion of the 

precursor into CdS QDs. From the graph it is clear that at lower temperatures precursor does 

not decompose completely and there is still a shoulder at 305 nm, but as films are heated 

stronger, the shoulder at 305 nm start disappearing with occurrence of strong absorbance at 

longer wavelength in the region 440-480 nm with indication of QD formation. This longer 

wavelength evolution can be assigned to the optically allowed transition between the electron 

state in the conduction band and hole state in the valence band. The QD formation was also 

indicated by a color change of the films after baking. The precursor film itself was 

completely transparent before baking but after heating the color of the film turns to 

yellowish. The band edge of the formed QDs after precursor decomposition varies from 435 

nm to 455 nm according to baking conditions as described in figure caption, which is 

corresponding to the increase in the size of the CdS nanoparticles. A similar study was 

performed for the CdDMASe precursor, and the resulting absorption spectra are shown in Fig 

3(b). This precursor is also transparent above 400 nm before baking but after heating 

absorption develops at longer wavelength.  This is due to the formation of CdSe QDs, and the 

onset wavelength of the absorption is in the range 460-520 nm, depending on the baking 

conditions. The neat films of both precursors before and after baking were also studied with 

fluorescence spectroscopy, where samples were excited at 320 nm for CdDEX precursor and 

380 nm for CdDMASe precursor and also at absorption band edge of each baked film, but no 

fluorescence emission obtained.  

3.3 Structural characterisation of neat films of precursors CdDEX and CdDMASe: 

To obtain further evidence of nanoparticle growth and nucleation, transmission electron 

microscopy (TEM) measurements were performed. These analyses were carried out on films 

deposited and annealed directly on a TEM grid. The TEM images of the films before baking 

did not show any of the crystalline structures ascribable to the CdS or CdSe QDs. However, 

the formation of CdS QDs (figure 3c) and CdSe QDs (figure 3d) was visible in the films 

which had been baked. Figure 3c shows an example of the TEM results in which a neat film 

of precursor CdDEX was heated at 150 °C for 15 minutes under low vacuum conditions. The 
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high-resolution image shows the QD distribution in the film that forms clusters of 6-7 QDs 

with the presence of both the cubic and the hexagonal crystal phase in the QD population. 

The average size of the CdS QDs is 4.9 nm with a standard deviation of 0.9 nm and is in the 

range of reported literature values
26

 of CdS QD sizes. Fig 3d shows the high resolution TEM 

results for CdDMASe precursor film baked at 160 °C for 10 minutes, which evidenced mono-

dispersed crystalline QD in clusters of 5 – 10 CdSe QDs. The analysis of the average size 

determined on 70 single QDs gives an average diameter of 4.5 nm of nanocrystals and which 

is below the threshold of the Bohr exciton radius for CdSe10.  

The above results indicate that there is nucleation and growth of CdS and CdSe QDs 

but fluorescence spectroscopy shows they are non-emissive. A likely reason for the lack of 

emission from the QDs formed might be due to lack of passivation
27

 of the surface of the 

QDs. As there is no capping agent, surface traps dominate due to S or Se ions, and this leads 

to non-radiative decay of the excited states. To investigate this further, we blended the 

precursors into the polymer matrix, as discussed in the next section.  

3.4 Optical properties of nanocomposite film of polymer and CdDEX precursor:  In 

the nanocomposites the polymer and precursor were blended in a weight/weight ratio of 1:4 

respectively. Figure 4 shows the absorption and fluorescence spectra of the 

polymer/precursor CdDEX nanocomposites films before and after annealing at different 

temperatures from 140 °C to 180 °C. It is evident from fig. 4a that before baking the 

nanocomposite films the absorption spectra has contributions from both the polymer and 

precursor. The shoulder at 380 nm is due to the π-π* transition of the polymer, and the peak 

at 305 nm (not shown) is due to the bipyridine on the precursor (as discussed earlier in fig 

3a). After baking the blend films at selected temperatures, there is an evolution of the 

shoulder at 450 nm. The shift of the shoulder towards longer wavelength at higher baking 

temperature indicates an increase in nanocrystal size and concentration. The absence of well-

resolved peak like structures can be attributed to the polydispersity
28

 of QD size. These 

results show that the precursor decomposed and QDs formed similar to neat precursor film as 

explained in earlier section. Figure 4b shows the fluorescence spectra of the nanocomposite 

films where blend films were excited at 375 nm. The results indicate that in the blend before 

baking the fluorescence spectrum is similar to that of neat polymer film as shown in fig 2b 

with all emission coming from polymer itself. After baking the blend films at different 

temperatures the spectra become narrower with sharp peaks at longer wavelengths in 

annealed films. This may happen due to polymer chain reorganisation at higher annealing 
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temperatures. There is no emission corresponding to the QD formation even though there is 

overlap of the PL spectrum of the polymer with the absorption spectrum of the CdS QDs, so 

it should favour long-range energy transfer from polymer to QDs. The PLQY was also 

measured in the blend before and after annealing when the sample has been excited at 375 

nm. Before baking the PLQY of the polymer is only 2.7%, compared with 32% for a neat 

film of the polymer.  After baking it remains approximately 2.5% like before annealing the 

nanocomposites film, even though at higher temperatures the precursor mostly decomposed 

in the blended system. These results indicate that precursor works as a quencher in the 

nanocomposite films even though it does not absorb much at the selected excitation 

wavelength. To understand the quenching after baking, TEM studies were performed on the 

nanocomposite. 

3.5 Structural characterization of nanocomposite film of polymer and CdDEX 

precursor: The particle size and crystalline structure of the formed QDs in the 

nanocomposites films after baking were investigated by TEM studies and are shown in figure 

5. Both low and high magnification micrographs (figure 5a and 5b respectively) before 

heating the nanocomposite show that the organic/inorganic matrix is uniformly distributed 

over the carbon film and no aggregates of QDs are observable under these conditions.  The 

SAED (Selected Area Electron Diffraction) in fig 5c also shows that in the sample crystalline 

particles are absent and the observed radial distribution is typical of the polymer only. Fig 5d 

shows a low magnification image of the nanocomposite film after heating the film at 160 °C 

for 10 minutes. The results show that there is the formation of nanocrystals in the polymer 

matrix and these particles within the polymer tend to aggregate in clusters with a size 

between 20-60 nm. The HREM image in fig 5e show the particle size is between 3 and 6 nm. 

Applying the FFT algorithm to the HREM images it was possible to recognize the typical 

periodicity of CdS hexagonal phase. For further confirmation, the SAED can be indexed as 

hexagonal CdS as shown in fig. 5f. It is not possible to exclude the cubic phase because the 

reflections of the two phases overlap.  

The absorption and TEM results show that nanoparticles form and yet there is no 

fluorescence from the nanoparticles in the blend. Possible explanations could be that the 

nanoparticles are either non-emissive or energy transfer does not occur to them from the 

polymer. Non-emissive QDs can be formed if they are not passivated well or if they form 

clusters in which aggregation leads to quenching of the QD emission. As the nucleation and 

growth of the CdS particle was inside the polymer matrix13 so we can rule out this scenario of 
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non-passivation of QDs. TEM results show the formation of clusters so it might be possible 

for emission quenching due to aggregation of QDs. No energy transfer from polymer to the 

CdS nanocrystal is the likely phenomena. Figure 6 shows the energy levels of the polymer 

from cyclic voltammetry and CdS QDs from literature. The HOMO of the polymer is at 5.83 

eV and the LUMO is at 3.06 eV. The energy level band for CdS nanoparticles is shown based 

on literature values
29,30

. This scenario suggests the type 2 energy level alignment between the 

polymer and thermally decomposed CdS QDs. In this case as reported by Lutich et al. there is 

a possibility of competition between charge separation and energy transfer and their 

dominance will strongly depends on the nanoscale geometry of the system
31

. In our system 

thermolysis of precursor occurs inside the polymer matrix so there is no hindrance of 

minimum separation due to surface ligands between the nanocrystal core and the polymer 

molecules. As there is no minimum separation so it favours the occurrence of the charge 

transfer and limits the efficiency of energy transfer, and that define the non-emissive 

behaviour of the QDs in this particular system.  

3.6 Optical properties of nanocomposite film of polymer and CdDMASe precursor: 

Figure 7 shows the absorption and fluorescence spectra of the nanocomposite films prepared 

using polymer with CdDMASe precursor. Before annealing the absorption spectrum is 

dominated by the polymer, with a small contribution at shorter wavelengths from the 

precursor. After baking a shoulder appears in the region of 450 nm, which grows, and shifts 

towards longer wavelength at higher baking temperature. This behaviour is due to 

decomposition of the precursor to form QDs as discussed in the previous section. Due to 

surface modifications of the nanoparticles by the polymer the absorption edge are shallow in 

comparison to fig 3c. The blue shift of the absorption edge compared to the uncapped CdSe 

nanocrystals reveals that the growth of particle is influenced by the presence of polymer 

capping agent. Figure 7b shows the fluorescence spectra of the nanocomposite films 

following excitation at 375 nm. The results indicate that before thermolysis fluorescence 

spectrum of blend is similar to that of the neat polymer film as shown in fig 2b, which 

indicates that all emission is coming from polymer itself with no contribution from the 

precursor. After baking the films there are some interesting features in the emission spectra. 

For instance the nanocomposite film annealed at 150 °C for 10 minutes shows emission of 

the polymer and an extra emission at longer wavelengths. As the polymer is thermally stable 

at this temperature we assign the extra emission at longer wavelength to QD formation only.  
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To understand clearly the behaviour of the emissive QDs, the emission spectra of the 

QDs were extracted from emission spectrum of the nanocomposite film by subtracting the 

polymer contribution to the spectrum. Figure 8 shows the resulting normalised 

photoluminescence signal at different temperatures.  The results clearly show broad emission 

from the QDs. The peak of the QDs emission varies from 510 nm obtained after baking at 

150 °C to 690 nm after heating to 200 °C.  

PLQY measurements give further insight into the properties of these nanocomposite 

films and were performed with excitation at 375 nm. The blend film has 29% PLQY before 

heating and which is very similar to that value of neat polymer of 32% when the sample has 

been excited at 375 nm. These results are different from the results of the nanocomposite 

films of the CdS based precursor where the PLQY of the polymer was quenched by the 

precursor. This is an intriguing result as it suggests the precursor CdDMASe interacts 

differently with the blue emitting polymer.  After thermolysis of blend, PLQY of the QDs is 

extracted from the total PLQY of the nanocomposites films by calculating the emission 

contribution from 500 to 900 nm. The maximum PLQY obtained for the QDs is 7.5% at after 

heating to160 °C.  The PLQY decreases to 1% for heating at 200 °C. As discussed earlier, the 

decrease of the PLQY can be attributed to trapping of electrons in the surface-defect states 

with further increase of the density of trap states at higher temperature. In some cases, trap 

emission has been related to low crystallinity or to selenide excess or other defects at the 

interface of the nanocrystals. However, band edge and trap emissions are often observed 

together in CdSe nanocrystals. Increasing the amount of surface defects of the nanoparticles 

can enhance enormously the trap state emission with respect to the band-edge recombination 

mechanism that can be completely suppressed. The other scenario of reduction in PLQY 

might be due to aggregate of the QDs at the higher annealing temperature, which has been 

investigated by TEM studies. 

3.7 Structural characterization of nanocomposite film of polymer and CdDMASe 

precursor: TEM images of nanocomposite films at medium and high magnification are 

shown in figure 9. Image 9a shows that heating to 160 °C for 10 minutes leads to the 

formation of particles in the polymer matrix.  From the HREM micrograph displayed in 

Figure 9b it is clear that most of the particles are well dispersed and have a diameter about 4 

to 8 nm, but there is also a population of aggregated clusters, containing from 5 to 10 units. 

The particle size is smaller or in the similar range of the uncapped QDs shown earlier in 

section 3.2. Figure 9c and d shows the TEM results of the film baked at 180 °C for 10 

Page 10 of 13Physical Chemistry Chemical Physics



 

 

11 

minutes and it is clear from the figure that the particle starts to aggregate under these 

annealing conditions by making clusters of 20-30 units. SAED analysis (not reported) shows 

for both the annealed samples the presence of crystalline CdSe with a mixture of hexagonal 

and cubic phase. Aggregate formation at higher baking temperature explains the reduction in 

the PLQY of the emissive QDs at higher temperatures. 

The behaviour of these nanocomposite films is completely different from those made 

from the other precursor. This can be understood in terms of the energy levels. Efficient 

transfer has been observed from conjugated polymers to colloidal semiconductor QD in 

several reports with having comparison of short and long chain ligands
32

, dopant 

concentration in core/shell nanoparticles
33

 and the dominance of long-range energy transfer 

has been reported in them
34

.  In our results on the basis of energy level alignment of polymer 

and QDs we can identify the dominant mechanism. Fig 6 shows the position of the energy 

levels of CdSe QDs taken from the literature11,35,36
 with respect to polymer energy levels. 

This scenario suggests type 1 energy level alignment between polymer and CdSe 

nanocrystals. As discussed earlier in our system thermolysis of precursor occurs inside the 

polymer matrix so there is no minimum separation due to surface ligands between the 

nanocrystal core and the polymer molecules so it favours the occurrence of the charge 

transfer/Dexter type energy transfer. We know that to allow the simultaneous injection of 

electron and hole to the donor, Dexter type energy transfer requires type-I alignment of 

HOMO and LUMO levels of the donor-acceptor. This scenario suggests that we have Dexter 

type energy transfer from polymer to the QDs. But there is good spectral overlap of polymer 

emission with absorbance of the QDs so there is a possibility of long-range energy transfer 

also. 

 

4. Conclusions 

In summary, we have demonstrated the in-situ formation of QDs inside the 

conjugated polymer matrix. We show that the polymer PBPFO having solid state PLQY up to 

32% and natural radiative lifetime of 650 ps is suitable for thermolysis of QDs due to its 

excellent thermal stability. Our studies show that the thermal decomposition of the precursor 

CdDEX and CdDAMSe inside polymer matrix produces different characteristics of the QDs 

due to difference in energy level alignment. We also describe here the use of time and 

temperature to achieve size (and spectroscopic) tuning of the final particles. Our results show 
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that in-situ emissive QDs can be made inside the conjugated polymer matrix and in our 

studied system, a PLQY of CdSe QDs of 7.5% is achieved. Our results open up the 

possibility for laser writing of emissive QDs in optoelectronic devices. 
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