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Intimate organic–inorganic nanocomposites via
rationally designed conjugated polymer-grafted
precursors†

Jaehan Jung,a,b Young Jun Yoona and Zhiqun Lin*a

Semiconducting organic–inorganic nanocomposites comprising the conjugated polymer poly(3-hexyl-

thiophene) (P3HT) in intimate contact with CdSe nanocrystals were crafted by exploiting rationally

designed P3HT-grafted cadmium precursors (i.e., Cd-P3HT complexes). The bifunctional ligand 4-bromo-

benzyl phosphonic acid (BPA-Br) that possesses two terminal functional groups at each end was

employed, enabling the coordination of BPA-Br with Cd first to yield Cd-phosphonic acid complexes

(Cd-BPA-Br) followed by the subsequent substitution of the bromide moiety into the azide (N3) group to

form N3-functionalized Cd-phosphonic acid complexes (Cd-BPA-N3). Cd-P3HT complexes were then

synthesized via a click reaction between Cd-BPA-N3 and ethynyl-terminated P3HT (P3HT–u). The

success of the click reaction was confirmed by spectroscopic measurements. The morphology of CdSe

nanocrystals (i.e., quantum dot and multi-branched) in P3HT–CdSe nanocrystal nanocomposites can be

altered by tuning the concentration of Cd-P3HT complexes and the addition of excess Cd-BPA-Br

(i.e., Cd-P3HT solely for the synthesis of CdSe quantum dots, and Cd-P3HT and Cd-BPA-Br at the ratio

Cd-P3HT : Cd-BPA-Br = 1 : 1 for the synthesis of multi-branched CdSe nanocrystals). The photophysical

properties of the resulting P3HT–CdSe nanocomposites were examined via absorption and photo-

luminescence studies. In comparison with P3HT–u, the significant emission quenching of nano-

composites suggested the efficient charge transfer at the P3HT/CdSe interface. It is noteworthy that the

implementation of judiciously synthesized Cd-P3HT complexes as precursors rendered the in situ

synthesis of P3HT–CdSe nanocrystal nanocomposites, dispensing with the need for the use of insulating

aliphatic ligands and tedious ligand exchange procedures for the preparation of functional polymer-

tethered nanocrystals.

Introduction

Due to their advantageous attributes such as being light-
weight, flexible and inexpensive,1 conjugated polymers (CPs)
have garnered considerable attention for large-scale easily
manufactured applications in solar cells, lasers, light-emitting
diodes (LEDs), and biosensors.2–4 Among various CPs, poly-
(3-hexylthiophene) (P3HT) stands out as the most extensively
studied CP because of its tailorable electrochemical properties
and high hole mobility.5 It is notable that the use of CPs as the
photoactive layer in solar cells often results in low performance
as their achievable hole mobility far exceeds electron mobility.

As a result, the incorporation of electron-accepting nano-
materials such as fullerene derivatives, graphene, and
quantum dots is thus required. Recent developments in the
synthesis of semiconducting nanocrystals (NCs) enable the
precise control over their size, shape and composition.
This opens up many opportunities for their use in
photovoltaics,2,3,6–9 LED,10 tunable lasers,11 and biosensors12

due to their size- and composition-dependent optical and
electronic properties. A CdSe quantum dot (QD) represents the
widely studied semiconducting NC owing to its optimum band
gap, high absorption coefficient, and high electron mobility.10

Semiconducting hybrid nanomaterials composed of CPs
and semiconducting NCs have been widely recognized as
promising building blocks for optoelectronic devices as they
incorporate the complementary characteristics of CPs (e.g.,
lightweight, flexibility, large area solution-processability, etc.)
and NCs (e.g., high electron mobility, size-dependent optical
and electronic properties, etc.).13–15 However, most of the CP/
NC nanohybrids are often prepared by physical mixing of
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these two constituents and thus typically result in microscopic
phase separation, thereby limiting the maximum utilization of
their nanoscale architectures. Moreover, the presence of insu-
lating aliphatic capping ligands on the surface of NCs hinders
the direct electronic interaction between CPs and NCs.16

Clearly, the removal of these aliphatic ligands is crucial as it
not only renders the excellent dispersion of NCs in the CP
matrix, but also facilitates the effective electronic interaction
between the two semiconducting constituents. In spite of the
ligand exchange process where the desired ligands (e.g.,
shorter ligands) are introduced to replace the original ligands
(e.g., aliphatic ligands), NCs tend to aggregate when mixing
with CPs, leading to microscopic phase separation.13 In this
context, several approaches for creating CP-tethered NCs have
emerged to achieve a uniform dispersion of NCs in the CP
matrix and thus promote their electronic interaction. In the
early studies, end-functionalized CPs were introduced onto the
surface of NCs via ligand exchange, yielding CP–NC nano-
composites.17,18 For example, phosphonic acid-functionalized
P3HT were grafted onto NCs by ligand exchange to produce
P3HT–CdSe NC nanocomposites (i.e., P3HT-tethered CdSe
NCs).19 However, a typical route to CP–NC nanocomposites by
utilizing ligand exchange is time-consuming and often not
effective, that is, resulting in unsuccessful removal of
unwanted aliphatic ligands. Thus, short bifunctional ligand-
capped NCs have recently been synthesized with no need for
ligand exchange procedures and subsequently grafted with
CPs to form CP–NC nanocomposites.13,20,21 Despite its simpli-
city and robustness, the use of a small fraction of aliphatic
ligands was still unavoidable.13,20,21 To this end, the direct
growth of NCs in proximity to CPs (i.e., the addition of pre-
cursors in the presence of CP) has been introduced.22,23

However, such a direct growth approach often resulted in the
presence of surface dangling bonds which can act as the
charge trapping sites. Moreover, the resulting CP/NC mixture
may suffer from poor colloidal stability, forming the agglom-
eration of NCs in the polymer matrix as CPs are not chemically
tethered onto the NC surface.22,23 Clearly, simple, effective and
ligand exchange-free methods capable of achieving CP-
tethered NCs are highly desirable.

Herein, we report a robust synthetic route to in situ crafting
semiconducting intimate organic–inorganic P3HT–CdSe nano-
composites by capitalizing on judiciously designed P3HT-
grafted Cd precursors (i.e., Cd-P3HT complexes). The bifunc-
tional ligand 4-bromobenzyl phosphonic acid (BPA-Br) was
first employed to yield Cd-phosphonic acid complexes (Cd-
BPA-Br) followed by the substitution of the bromide end group
of Cd-BPA-Br into the azide (N3) moiety (i.e., forming N3-
functionalized Cd-phosphonic acid complexes (Cd-BPA-N3)).
Meanwhile, ethynyl-terminated P3HT (P3HT–u) was
synthesized by a quasi-living Grignard metathesis (GRIM)
method.24 Cd-P3HT complexes, that is, Cd-BPA-P3HT, were
then synthesized via a click reaction between P3HT–u and
Cd-BPA-N3 (i.e., an alkyne–azide cycloaddition).25 Finally, the
intimately contacted P3HT and CdSe NCs were yielded
through a hot injection of selenium precursors into the

Cd-BPA-P3HT solution. The success in tethering P3HT chains
on the CdSe NC surface was corroborated by Fourier transform
infrared spectroscopy (FTIR) and nuclear magnetic resonance
spectroscopy (NMR) measurements. The absorption and
photoluminescence studies suggested the intimate contact of
P3HT with CdSe NCs. By varying the concentration of
Cd-P3HT complexes and the addition of excess Cd-BPA-Br (i.e.,
Cd-P3HT solely yielded CdSe quantum dots, and Cd-P3HT and
Cd-BPA-Br at the ratio Cd-P3HT : Cd-BPA-Br = 1 : 1 produced
multi-branched CdSe NCs). A pronounced emission quenching
of P3HT–CdSe NCs compared to that of P3HT–u signified the
efficient charge transfer from electron-donating P3HT to elec-
tron-accepting CdSe NCs. It is interesting to note that this
ligand exchange-free strategy combines the advantageous graft-
ing technique via forming Cd-P3HT complexes with sub-
sequent in situ growth of CdSe NCs from Cd-P3HT complexes
(i.e., direct growth of intimate P3HT–CdSe NC nanocomposites
in the presence of P3HT). Moreover, the formation of dangling
bonds (e.g., Cd2+ and Se2−) which was unavoidable in the con-
ventional direct growth of Cd-containing NCs in the presence
of P3HT as noted above22,23 can be greatly reduced as P3HT-
grafted Cd complexes were employed to yield P3HT–CdSe NC
nanocomposites. Given the variety of functional polymers and
precursors that are amenable to form metal moiety-functional
polymer complexes, such an in situ synthetic strategy offers
great potential to craft a rich variety of intimate organic–
inorganic nanocomposites for a wide spectrum of appli-
cations, including hybrid solar cells, light emitting diodes
(LEDs), field-effect transistors (TFTs), sensors, etc.

Results and discussion

The synthesis of P3HT–CdSe NC nanocomposites is illustrated
in Scheme 1. The Cd-grafted P3HT complexes (i.e.,
Cd-BPA-P3HT; lower right panel) were utilized as Cd sources
for the preparation of P3HT–CdSe NC nanocomposites.
4-Bromobenzylphosphonic acid (BPA-Br; upper left panel)
possessing phosphonic acid at one end and a bromide group
at the other end was employed as the bifunctional ligand as
the phosphonic acid group binds strongly to CdSe NCs and
the bromide moiety renders the chemical coupling.20,21 It is
worth noting that aromatic molecules are known to carry
better charge transport properties than aliphatic molecules,
thus facilitating electronic interactions between two semi-
conductor constituents (P3HT and CdSe).26,27 Specifically, CdO
was first decomposed with BPA-Br to yield Cd-BPA-Br com-
plexes (upper central panel) as Cd2+ readily coordinated with
phosphonic acid. The bromide group of Cd-BPA-Br complexes
was then substituted into the azide (N3) by stirring in tetra-
hydrofuran (THF) with sodium azide, resulting in N3-fun-
ctionalized Cd-BPA (i.e., Cd-BPA-N3; upper right panel).
Subsequently, the as-prepared ethynyl-terminated P3HT
(P3HT–u; see the Experimental section) was coupled with Cd-
BPA-N3 via a catalyst-free click reaction, yielding Cd-BPA-P3HT
complexes. Finally, P3HT–CdSe NC nanocomposites, that is,
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P3HT-tethered CdSe NCs, were produced after the injection of
Se precursors into the Cd-BPA-P3HT diphenyl ether (DPE)
solution. Notably, as P3HT chains are directly tethered on the
CdSe NC surface, the dispersion and solubility of the resulting
P3HT–CdSe NC nanocomposites were largely facilitated in
various organic solvents.

The success of coupling Cd-BPA-N3 with P3HT–u was sub-
stantiated by FTIR and 1H NMR measurements (see the
Experimental section). Fig. 1 compares the FTIR spectra of
Cd-BPA-Br, Cd-BPA-N3, and Cd-BPA-P3HT, respectively. The
emergence of the absorption peak at 2040 cm−1 assigned to
the N3 moiety of Cd-BPA-N3 clearly indicated the successful
substitution of bromide in Cd-BPA-Br with N3 after reacting
with sodium azide in THF (Scheme 1; see the Experimental
section).20,28 The N3 peak was then greatly reduced after
Cd-BPA-N3 was coupled with P3HT–u, reflecting that P3HT–u
was grafted onto Cd-BPA-N3 via a 1,3-dipolar cycloaddition
between the terminal ethynyl group in P3HT–u and the

N3 group in Cd-BPA-N3.
25,28 It should be noted that the

unreacted Cd-BPA-N3 was removed by purification, that is, the
mixture containing the synthesized Cd-BPA-P3HT and the

Scheme 1 Synthetic route to P3HT–CdSe QD nanocomposites (lower left panel) by capitalizing on Cd-BPA-P3HT precursors (lower right panel).

Fig. 1 FTIR spectra of Cd-BPA-Br (black curve), Cd-BPA-N3 (blue
curve), and Cd-BPA-P3HT (red curve).

Fig. 2 1H NMR spectra of (a) ethynyl-terminated P3HT and (b) Cd-
BPA-P3HT.

Paper Nanoscale

16522 | Nanoscale, 2016, 8, 16520–16527 This journal is © The Royal Society of Chemistry 2016

Pu
bl

is
he

d 
on

 2
2 

A
ug

us
t 2

01
6.

 D
ow

nl
oa

de
d 

by
 G

eo
rg

ia
 I

ns
tit

ut
e 

of
 T

ec
hn

ol
og

y 
on

 3
0/

11
/2

01
6 

15
:5

5:
33

. 
View Article Online

http://dx.doi.org/10.1039/c6nr05451j


unreacted Cd-BPA-N3 in THF was extensively washed with
methanol, which is a good solvent for Cd-BPA-N3 but a preci-
pitant for P3HT. The absorption peaks which originated from
the alkyl side chain of P3HT at 2956 cm−1, 2923 cm−1, and
2852 cm−1 can be assigned to the asymmetric C–H stretching
vibration in –CH3, –CH2, and the symmetric C–H stretching
vibration in –CH2, respectively.

22

In addition, the 1H NMR characterization shown in Fig. 2
clearly suggested the occurrence of coupling between P3HT–u
and Cd-BPA-N3. A proton signal at 3.5 ppm from the ethynyl
functional group at the P3HT–u chain end (Fig. 2a) was not
observed in Cd-BPA-P3HT (Fig. 2b) after the click reaction of
P3HT–u and Cd-BPA-N3.

20 The peak at 3.8 ppm of
Cd-BPA-P3HT can be ascribed to the proton of –CH2 in BPA
after the grafting of P3HT–u with Cd-BPA-N3.

The high boiling point solvent diphenyl ether (DPE) was
employed to dissolve Cd-BPA-P3HT for the synthesis of high-
quality P3HT–CdSe NC nanocomposites. The injection of
Se-TOP solution initiated the nucleation and growth of CdSe
NCs having direct contact with P3HT (see the Experimental
section). The presence of P3HT on Cd-BPA-P3HT imposed
steric hindrance during the growth of CdSe NCs, thereby

preventing the agglomeration of CdSe NCs due to the existence
of P3HT chains.23,29 As a result, despite the absence of
aliphatic ligands (e.g., widely used octadecylphosphonic acid
for high-quality CdSe QD synthesis), uniform CdSe QDs
tethered with P3HT chains were obtained. It is not surprising
that transmission electron microscopy (TEM) measurements
revealed a homogeneous dispersion of P3HT–CdSe QD nano-
composites as shown in Fig. 3. In stark contrast, a control reac-
tion carried out in the absence of P3HT led to the immediate
precipitation of bulk CdSe (see ESI; Fig. S1†). The TEM images
of the as-synthesized P3HT–CdSe QD nanocomposites
obtained at different reaction times (i.e., 10 min, 30 min, and
45 min after injecting Se-TOP) at a fixed Cd-BPA-P3HT concen-
tration of 0.03 mmol g−1 (i.e., 0.03 mmol of Cd-BPA-P3HT in
1 g of DPE) are shown in Fig. 3a–c, respectively. The diameters
of CdSe QDs measured based on the TEM images were
5.2 ± 0.6, 5.4 ± 0.7, and 5.4 ± 0.7 nm for the reaction times of
10, 30, and 45 min, respectively. It is clear that there was no
significant difference in the QD size, and the 10 min reaction
was sufficient for forming highly crystalline CdSe QDs
(Fig. 3d). High-resolution TEM characterization revealed that
the highly crystalized plane has an inter-planar spacing of

Fig. 3 TEM images of P3HT–CdSe QD nanocomposites yielded at different reaction times and a fixed Cd complex (i.e., Cd-BPA-P3HT only)
concentration. (a) 10 min, (b) 45 min, and (c) 10 min. (d) High-resolution TEM image of P3HT–CdSe QD nanocomposites obtained after the reaction
for 10 min. The inter-planar spacing was approximately 3.5 Å.
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3.5 Å in the (0002) plane. It is worth noting that a short
reaction time to yield QDs with high crystallinity can prevent
the degradation of polymers during the synthesis of QDs.

Semiconducting branched nanostructures (e.g., tetrapods)
carry many advantageous attributes over QDs or quantum rods
for use in solar cells due to their peculiar three-dimensional
structure (e.g., four arms symmetrically emanating from the
central core as in tetrapods), which enables a continuous
charge transport pathway in thin film regardless of their orien-
tation,30 and facilitates charge separation due to their large
interfacial area.31–33 In this context, P3HT–CdSe nano-
composites composed of P3HT-tethered multi-branched CdSe
(referred to as P3HT–CdSe multi-branched nanocomposites)
were synthesized. The excess Cd-BPA-Br was added to the
Cd-BPA-P3HT DPE solution. At the molar ratio of
Cd-BPA-Br : Cd-BPA-P3HT of 1 : 1 and the overall Cd con-
centration of 0.03 mmol g−1 (i.e., 0.015 mmol of Cd-BPA-Br
and 0.015 mmol of Cd-BPA-P3HT in 1 g of DPE), multi-
branched CdSe NCs intimately tethered with P3HT chains
were yielded as evidenced by TEM (Fig. 4a and d); this con-
trasts largely with P3HT–CdSe QD nanocomposites (Fig. 3a–d)
despite the same overall Cd concentration being used (i.e.,
0.03 mmol g−1 of Cd-BPA-P3HT in DPE; Fig. 3). This can be
attributed to the anisotropic growth of multi-branched CdSe
NCs kinetically driven by the reduced steric hindrance from
P3HT chains situated on the surface of CdSe NCs and the

increased average mobility Cd-containing complexes (i.e.,
Cd-BPA-Br and Cd-BPA-P3HT) as Cd-BPA-Br is much more
mobile than the relatively bulky Cd-BPA-P3HT.34 On the basis
of this observation, the Cd concentration was then varied from
0.03 mmol g−1 to 0.05 mmol g−1 at a fixed molar ratio of
Cd-BPA-Br to Cd-BPA-P3HT of 1 : 1. The high-resolution TEM
images showed that the stacking height of multi-branched
CdSe NCs was increased from 9.5 nm (Cd concentration =
0.03 mmol g−1) to 16.5 nm (Cd concentration =
0.05 mmol g−1), respectively (Fig. 4d and e). Clearly, the result-
ing P3HT-tethered multi-branched CdSe NCs exhibited high
crystallinity (Fig. 4d and e), suggesting that the 10 min reaction
was sufficient for high-quality NCs. Moreover, it is interesting
to note that the excellent dispersion of P3HT–CdSe multi-
branched nanocomposites in chloroform further substantiated
the success in obtaining P3HT-tethered multi-branched CdSe
NCs as the BPA-Br ligand is insoluble in chloroform.

The photophysical properties of the resulting P3HT–CdSe
NC nanocomposites were examined by UV-vis absorbance and
photoluminescence (PL) studies. The absorption spectra of
P3HT–u, P3HT–CdSe QD nanocomposites, and P3HT–CdSe
multi-branched nanocomposites in THF are shown in Fig. 5a.
Obviously, the absorption peak of P3HT–CdSe QD and
P3HT–CdSe multi-branched nanocomposites was a superposi-
tion of their constituents (P3HT at 445 nm, CdSe QDs at
610 nm, and multi-branched CdSe NCs at 645 nm, respec-

Fig. 4 TEM images of P3HT–CdSe multi-branched nanocomposites obtained at varied Cd complex (i.e., Cd-BPA-Br and Cd-BPA-P3HT) concen-
trations. (a and d) 0.03 mmol g−1, and (b, c and e) 0.05 mmol g−1. The molar ratio of Cd-BPA-Br and Cd-BPA-P3HT was fixed at 1 : 1.
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tively), signifying the formation of P3HT–CdSe nano-
composites.35 Fig. 5b compares the PL spectra of
Cd-BPA-P3HT and P3HT–CdSe QD nanocomposites in THF.
The significant PL quenching of nanocomposites compared to
P3HT (i.e., Cd-BPA-P3HT) suggested the efficient charge trans-
fer from P3HT to CdSe, which further confirmed the intimate
chemical contact between P3HT and CdSe QDs.

Conclusions

In summary, we demonstrated a robust strategy to create
in situ semiconducting intimate organic–inorganic P3HT–CdSe
NC nanocomposites. Central to this effective strategy is the
rational design of P3HT-grafted Cd complexes. The success of

preparing P3HT-grafted Cd complexes was verified by FTIR
and 1H NMR studies. Importantly, the use of P3HT-grafted
Cd complexes as precursors conferred the in situ synthesis of
P3HT–CdSe NC nanocomposites, dispensing with the need for
insulating aliphatic ligands which are often detrimental for
applications in optoelectronic materials and devices. By con-
trolling the Cd concentration and the addition of excess
Cd-BPA-Br, the morphology of P3HT–CdSe nanocomposites
can be tuned (i.e., P3HT–CdSe QD nanocomposites when
Cd-BPA-P3HT solely was employed, and P3HT–CdSe multi-
branched nanocomposites while Cd-BPA-Br and Cd-BPA-P3HT
at a 1 : 1 ratio were used). The absorption spectra of the result-
ing P3HT–CdSe NC nanocomposites were simply a super-
position of P3HT and CdSe NCs. In comparison to P3HT, a
markedly decreased emission of nanocomposites suggested
the efficient charge transfer at the P3HT/CdSe NC interface.
This ligand exchange-free route to semiconducting
P3HT–CdSe NC nanocomposites circumvented the use of
insulating aliphatic ligands and the tedious ligand exchange
procedure. As such, it provides a platform to craft an exciting
variety of functional polymer–nanocrystal nanocomposites
with tailored compositions and materials properties for a wide
range of applications in solar energy conversion, LEDs, FETs,
energy storage, photodetectors, biosensors, nanotechnology
and biotechnology.

Experimental section

All chemicals, including 4-bromobenzyl bromide, triethyl
phosphite, cadmium oxide, tri-n-octylphosphine (TOP, 90%),
tellurium powder, sodium azide, 2,5-dibromo-3-hexylthio-
phene, Ni(dppp)Cl2, tert-butylmagnesium chloride (2 mol L−1

in diethyl ether), and ethynylmagnesium bromide (0.5 mol L−1

in THF) from Sigma Aldrich, octadecyl phosphonic acid
(ODPA, 97%) from Alfa Aesar, and tri-n-octylphosphine oxide
(TOPO, 90%) from Strem Chemicals were used as received.
THF (Fisher, 99%) was refluxed over sodium wire and distilled
from sodium naphthalenide solution.

Synthesis of bromobenzylphosphonic acid (BBPA)

4-Bromobenzyl bromide and triethyl phosphite at a 1 : 2 molar
ratio was heated under Ar at 150 °C for 5 h, yielding diethyl-
phosphonate ester. The excess triethyl phosphite and by-
products were removed by using a rotary evaporator at 100 °C
for several hours. Diethylphosphonate ester was hydrolyzed
with concentrated aqueous HCl by heating at 100 °C overnight,
yielding bromobenzylphosphonic acid (BBPA). After cooling to
room temperature, BBPA was filtered out, redissolved in aceto-
nitrile, and finally recrystallized in ethyl acetate.

Synthesis of ethynyl-terminated P3HT

Ethynyl-terminated P3HT (i.e., P3HT–u) was synthesized by a
quasi-living Grignard metathesis (GRIM) method.24,36 Briefly,
2,5-dibromo-3-hexylthiophene (0.815 g, 2.5 mmol) was
dissolved in THF (5 ml) in a three-neck flask and stirred under

Fig. 5 (a) Absorption spectra of P3HT–u (black curve), P3HT–CdSe
QD nanocomposites (red curve), and P3HT–CdSe multi-branched nano-
composites (blue curve) prepared by in situ growth from Cd-BPA-P3HT
precursors (more specifically, Cd-BPA-P3HT precursors only for P3HT–
CdSe QD nanocomposites, and Cd-BPA-P3HT and Cd-BPA-P3HT pre-
cursors at Cd-BPA-P3HT : Cd-BPA-P3HT = 1 : 1 for P3HT–CdSe multi-
branched nanocomposites). (b) Emission spectra of Cd-BPA-P3HT
(black curve) and P3HT–CdSe QD nanocomposites (red curve).
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Ar. Then tert-butylmagnesium chloride (1.25 ml, 2.5 mmol)
was added. The mixture was stirred for 2 h at room tempera-
ture. Subsequently, it was diluted to 25 mL with THF, followed
by the addition of Ni(dppp)Cl2 (11.2 mg, 0.020 mmol). The
resulting solution was stirred for 30 min at room temperature,
producing the intermediate P3HT. It was then reacted with
ethynylmagnesium bromide (2 ml, 1 mmol) in THF for
30 min. The product, P3HT–u, was obtained by precipitating
the reaction mixture in methanol, filtering in an extraction
thimble, and washing by Soxhlet extraction with methanol,
hexane, and chloroform sequentially. It was recovered after
chloroform evaporated. The regioregularity of P3HT was
greater than 97%, as determined by 1H NMR. The number
average molecular weight and polydispersity index (PDI) of
P3HT were 50 kDa and 2.2, respectively, as measured by gel
permeation chromatography (GPC). Yield: 41.2%.

Synthesis of Cd-P3HT complexes

Cadmium oxide and 4-bromobenzyl phosphonic acid (BBPA)
were dissolved in dimethylformamide (DMF) and the tempera-
ture was increased to 120 °C, at which the solution turned
transparent and colorless. The resulting solution was cooled
down, and sodium azide was then introduced to substitute the
bromide group of BBPA into azide (N3), yielding N3-function-
alized cadmium complexes (Cd-BPA-N3). Subsequently, the
synthesized P3HT–u and Cd-BPA-N3 were mixed in THF and
kept at 60 °C under Ar for 2 days, yielding Cd-P3HT complexes
(i.e., Cd-BPA-P3HT). The resulting solution was precipitated in
methanol to remove the excess amount of Cd-BPA-N3, which
was not coupled with P3HT–u.

Growth of CdSe NCs in the presence of P3HT

The resulting P3HT-tethered Cd complexes (i.e., Cd-BPA-P3HT)
were dissolved in diphenyl ether (DPE) and the temperature
was increased to 200 °C. Subsequently, 1 M selenium/trioctyl-
phosphine solution was prepared in the glove box and then
rapidly injected to the Cd-BPA-P3HT DPE solution to initiate
the nucleation and growth of CdSe NCs. The NCs were allowed
to grow at 200 °C for 10 min, 30 min, and 45 min. The result-
ing CdSe-P3HT NC nanocomposites were precipitated with
methanol and re-dissolved in chloroform.

Characterization

The morphology of the P3HT–CdSe NC nanocomposites were
examined by using transmission electron microscopes (JEOL
100cx and Tecnai F30). The absorption and emission spectra
were recorded with a UV-vis spectrometer (UV-2600, Shimadzu)
and a spectrofluorophotometer (RF-5301PC, Shimadzu),
respectively. All samples were excited at λex = 445 nm, and the
emission was collected at λem > 500 nm.
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