
Chinese Science Bulletin 

© 2009       SCIENCE IN CHINA PRESS 

          Springer 

 

 

A
R

TI
C

LE
S 

  
  

  
  

 
P

O
LY

M
E

R
 C

H
E

M
IS

TR
Y

 

Citation: Feng X L, Yao Z Y, Li C, et al. Self-assembly of insulated molecular wires of a water-soluble cationic PPV and anionic dendrons. Chinese Sci Bull, 2009, 54: 
2451―2456, doi: 10.1007/s11434-009-0427-5 

Self-assembly of insulated molecular wires of a water- 
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Insulated molecular wires of poly(phenylenevinylene) (PPV) were prepared by wrapping the conjugated 
backbones with dendrons through a noncovalent approach. It was found that electrostatic interaction 
between the quaternary ammonium groups of PPV-1 and the carboxylate moieties in dendrons induced 
the packing of dendrons along PPV-1 conjugated backbones. Absorption and emission spectroscopic 
examinations in solution and solid film indicated that the PPV-1 backbones adopted a more planar and 
isolated conformation in the complexes. Furthermore, interchain interactions in the complexes could 
be greatly reduced, improving the quantum yield of PPV-1. 

insulated molecular wires, self-assembly, water-soluble conjugated polymer, dendron 

In recent years, conjugated polymers have received in-
creasing attention in view of their unique physical prop-
erties arising from the π-electron delocalization structure 
and potential applications to flexible electronic de-
vices[1]. Given the relatively high charge mobility along 
the individual polymer chain, conjugated polymers are 
gaining commercial importance in photovoltaic cells[2,3], 
light-emitting diodes[4], photodetectors[5], thin film 
field-effect transistors[6] and sensors[7–9]. However, the 
interchain interactions between the conjugated polymers 
would modify the optical and electronic behavior, thus 
having unfavorable effects on applications. This makes 
it a challenging subject to find facile and convenient 
approaches to decrease and block these interactions. 
Conjugated polymers are often portrayed as “molecular 
wires”[10], and the structure described as “insulated mo-
lecular wires” (IMWs) has attracted considerable inter-
est for accessing the goal described above. The ap-
proaches to this structure include the encapsulation of 
conjugated backbones[10,11] through a protective sheath, 
preventing cross-talk or short-circuit between conju-
gated polymer chains and enhancing the chemical sta-
bility and luminescence efficiency[10–12]. Hitherto, sev-
eral intriguing strategies have been developed to fabri-

cate IMWs, thus illustrating the broad appeal of this 
concept. 

One strategy for IMWs is threading the conjugated π 
system through insulating macrocycles to form a pseu-
dopolyrotaxane or polyrotaxane. The macrocycles used 
as the hosts for encapsulating are cyclophanes[13], cyclo- 
dextrins[14–16] and ring-shaped inorganic nanocluster[17]. 
The rod-like guests could be inserted into the cavities 
provided by these materials and the threading process is 
driven by the noncovalent interactions between the host 
and guest. An alternative strategy for fabricating IMWs 
is to wrap the conjugated backbone with natural helical 
polymers to form polymer-polymer complexes. The 
helical polymers would provide axial cavities along the 
helix and encapsulate the molecular wires inside the 
cavities. However, most examples of this kind of com-
plexes involve just two natural polysaccharides: amy-
lose[18] and schizophyllan[19,20]. 

Dendronized conjugated polymer is also a typical 
form of the IMWs structure, in which the conjugated  
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backbones are encapsulated by covalent attaching den-
drons laterally to its backbones. Therefore, dendrons 
with lots of regularly branched substituents densely pack 
along the conjugated backbones, and stretch out to gen-
erate a molecular cylinder. For example, dendronized 
poly(p-phenylenes)[21], polyfluorenes[22,23], poly(pheny- 
lenevinylenes)[24−26], poly(phenyleneethynylenes)[12,27] 
and polythiophenes[28] have been prepared by using vari- 
ous chemical synthesis methods. However, for this stra- 
tegy, the synthesis process is tedious and often limited 
by the steric hindrance of the dendrons. 

Herein, we present a facile strategy to prepare IMWs 
by wrapping the conjugated polymer with dendrons 
through noncovalent interactions. To study the viability 
of this approach, a water-soluble cationic conjugated 
polymer, poly{2,5-bis[3-(N,N,N-triethylammonium)-1- 
oxapropyl]-1,4-phenylenevinylene}-dibromide (PPV-1) 
was chosen as a model molecular wire, and an anionic 
dendron, polyester-8-hydroxyl-1-carboxyl bis-MPA den- 
dron, generation 3 (bis-MPA dendron-G3), was used as 
the protective shell. The chemical structures of PPV-1 
and the dendron are shown in Figure 1. It is expected 
that upon the introduction of bis-MPA dendron-G3 into 
aqueous PPV-1 solution, electrostatic interaction be-
tween these two components results in the packing of 
dendrons along the PPV-1 conjugated backbones, lead-
ing to the formation of IMWs. 
 

 
Figure 1  Chemical structures of PPV-1 and bis-MPA dendron-G3.  

1  Experimental 
1.1  Materials 

Polyester-8 (and 16)-hydroxyl-1-carboxyl bis-MPA den-
dron, generation 3 (and 5) (bis-MPA dendron-G3, 
bis-MPA dendron-G5) were purchased from Aldrich and 
used as received. THF was purified by distillation from 

sodium in the presence of benzophenone. All other 
chemicals were commercially obtained with satisfied 
purity and used as received. Poly{2,5-bis[3-(N,N,N-tri- 
ethylammonium)-1-oxapropyl]-1,4-phenylenevinylene}-  
dibromide (PPV-1) was synthesized following the re-
ported procedures[29]. 

1.2  Synthesis 

1,4-Bis[(N,N-diethylaminohydrochloride)-1-oxaprop- 
yl]-2,5-dichloromethane-benzene (monomer). Briefly, 
2-chlorotriethylamine hydrochloride (10.8 g, 0.062 mol) 
and anhydrous K2CO3 (35.0 g, 0.25 mol) were added to 
150 mL acetone. After purging with Ar for 15 min, 
1,4-dihydroquinone (3.0 g, 0.027 mol) was added, and 
then the reaction mixture was refluxed for 3 d with stir-
ring under N2 atmosphere. After cooling to room tem-
perature, the precipitates were filtered off, and the re-
sulting filtrate was evaporated under reduced pressure. 
The obtained residue was poured into water, and ex-
tracted with ether, and then the organic fractions were 
washed with aqueous NaOH solution (10%), water and 
brine, and dried with MgSO4. A pale-yellow oil product 
1,4-bis[(N,N-diethylamino)-1-oxapropyl]-benzene (1)  
was obtained after evaporating the solvent. Yield: 89%. 
1H NMR (CDCl3): δ 6.81 (s, 4H, Ar-H), 4.00 (t, 4H, 
OCH2CH2N), 2.84 (t, 4H, OCH2CH2N), 2.62 (q, 8H, 
N(CH2CH3)2), 1.05 (t, 12H, N(CH2CH3)2. 

Concentrated HCl (20 mL) was added to the parafor-
maldehyde (1.38 g), 1 (2.53 g, 8.22 mmol) and acetic 
acid (10 mL) mixture at 0℃. The solution was saturated 
with HCl gas for 30 min. Then the mixture was stirred at 
room temperature for 15 h. After evaporating the sol-
vents under the reduced pressure, the residue was then 
added to 50 mL methanol, filtered and washed with ethyl 
acetate. Then the solid was recrystallized with ethanol and 
the monomer was obtained. Yield: 34%. 1H NMR (D2O):  
δ 6.94 (s, 2H, Ar-H), 4.52 (s, 4H, CH2Cl), 4.26 (t, 4H, 
OCH2CH2N), 3.50 (t, 4H, OCH2CH2N), 3.20 (q, 8H, 
NH+(CH2CH3)2⋅Cl−), 1.20 (t, 12H, NH+(CH2CH3)2⋅Cl−). 
Anal. Calcd. for C20H36Cl4N2O2 (478.32) (%): C, 50.22; H, 
7.59; N, 5.86. Found (%): C, 49.88; H, 7.61; N, 5.85. 
Poly{2,5-bis[3-(N,N,N-triethylammonium)-1-oxap- 
ropyl]-1,4-phenylenevinylene}-dibromide (PPV-1).  
t-BuOK (2.85 g, 0.025 mol) in THF (25 mL) was added 
dropwise at room temperature to 100 mL THF solution 
of the monomer (1.41 g, 2.95 mmol). The mixture was 
stirred under N2 atmosphere for 24 h to yield a shiny red 
solution. Then, the reaction mixture was evaporated un-
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der reduced pressure, and the residue was poured into 
water. The solid was filtered and washed with distilled 
water repeatedly. After drying under vacuum, orange-red 
product poly{2,5-bis [3-(N,N,N-diethylamino)-1-oxapr- 
opyl]-1,4-phenylenevinylene} (PPV) was obtained. Anal. 
Calcd. for (C20H32N2O2)n [(332.48)n] (%): C, 72.25; H, 
9.70; N, 8.43. Found (%): C, 70.31; H, 9.38; N, 8.08. 
And then the polymer was fractionized successively 
with THF and chloroform through Soxhlet extraction. To 
prepare water-soluble PPV derivatives, the component 
extracted from chloroform was quarternized by adding 
EtBr into PPV solution in chloroform. The mixture was 
stirred at 46℃ for 5 d and reddish precipitate was   
afforded. The solid was filtered, washed with ether and 
dried under vacuum, and PPV-1 was obtained. 1H NMR 
(D2O): δ 7.4―7.2 (Ar-H and trans vinyl protons), 4.7 
(OCH2CH2N, overlapping H2O), 3.75 (OCH2CH2N), 
3.37 (NCH2CH3), 1.21 (N+(CH2CH3)3⋅Br−), 1.18  
(N(CH2CH3)2). The level of quarternization was esti-
mated to be 55% by 1H NMR spectrum (The integrated 
area proportion of δ 1.18/δ 1.21 = 43/80).  

1.3  Complex preparation 

Aqueous stock solutions of PPV-1 and dendron were 
prepared in pure water (1.5 × 10−3, 2.5 × 10−3 and 
2.5×10−3 mol/L for PPV-1, bis-MPA dendron-G3 and 
bis-MPA dendron-G5, respectively). The dendron/PPV-1 
complexes were prepared by adding aqueous dendron 
stock solution into a dilute aqueous PPV-1 solution with 
the given concentration, and then the mixed solution was 
incubated for 6 h at room temperature. The apparent pH 
value of the complex solution is around 4.5.  

1.4  Measurements 

UV-Vis absorption and emission spectra were collected 
by using a Hitachi 3010 UV-Vis spectrometer and an LS 
55 fluorescence spectrometer (PerkinElmer), respec-
tively. 1H NMR spectra were carried out on a JNM- 
ECA600 spectrometer (JEOL). Elemental analyses were 
performed on a CE-440 elemental analyzer. 

2  Results and discussion 
2.1  Absorption and emission spectra of PPV-1/bis- 
MPA dendron-G3 complexes 

Figure 2 compares the absorption and emission spectra 
between PPV-1 and its mixture with bis-MPA den-
dron-G3 in solutions and solid films. In the absence of  

 
Figure 2  Absorption (a) and emission (b) spectra of PPV-1 and its 
mixture with bis-MPA dendron-G3 in aqueous solutions and solid 
films. Excited wavelength: 366 nm. [PPV-1] = 3.0 × 10−4 mol/L, [bis- 
MPA dendron-G3] = 3.0 × 10−3 mol/L. The absorption and emission 
intensity of the solid films was normalized to that of PPV-1 in solu-
tion for comparison. 
 

bis-MPA dendron-G3, PPV-1 in water exhibits an ab-
sorption maximum at 447 nm, which was attributed to 
the conjugated π-backbone of the polymer. The absorp-
tion maximum is red-shifted to 459 nm upon addition of 
bis-MPA dendron-G3 into PPV-1 solution. The smaller 
but obvious shift (by 12 nm) is associated with an in-
crease in the effective conjugation length of PPV-1, 
demonstrating that the interaction between PPV-1 and 
bis-MPA dendron-G3 will force the PPV-1 backbone to 
adopt a more planar conformation. Due to the fact that 
PPV has a relative rigid backbone, the conformation 
change is relatively smaller in comparison with that of 
the other more flexible conjugated polymers, such as 
polythiophene derivative[19]. 

Emission spectra were also recorded to monitor the 
conformational transition and interchain interaction of 
the conjugated polymer backbones. As shown in Figure 
2(b), upon addition of bis-MPA dendron-G3, an emis-
sion maximum of 535 nm is red-shifted to 550 nm, 
along with a pronounced enhancement in intensity.  
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These observations indicate that the PPV-1 backbones 
become more planar and more isolated and the IMW 
may be formed during the complexation with bis-MPA 
dendron-G3, resulting in the reduction of interchain  
interactions. These results are similar to those reported 
for polysaccharide encapsulated IMWs[19,20]. 

Comparison of both absorption and emission spectra 
between PPV-1 and its mixture with bis-MPA den-
dron-G3 in solutions and solid films further supports the 
conclusion above. For PPV-1 alone, both absorption and 
emission maximum in the films show a distinct red shift 
(by 40 and 65 nm, respectively) in comparison with 
those of the solutions, suggesting the strong interchain 
aggregation of PPV-1 in the films. Whereas for the 
PPV-1/bis-MPA dendron-G3 complex, a slight change 
between the spectra of the solution and the solid film 
was detected, especially for emission spectrum with 
only 1 nm red shift and a slight increase in bandwidth. It 
is known that for conjugated polymers, there is a strong 
tendency to form aggregates via π-π interactions in the 
solid state, which will lead to a red shift or low-energy 
band gap of emission spectrum. However, upon the in-
troduction of bis-MPA dendron-G3, the aggregation of 
PPV-1 backbones was prohibited by the bulky dendritic 
substituents even in the solid film, and thus the emission 
maximum of PPV-1 in the complex film is blue-shifted 
to 550 nm in comparison with that of pure PPV-1 film 
(600 nm). The finding clearly demonstrates that PPV-1 
is well wrapped by bis-MPA dendron-G3 through elec- 
trostatic interaction and thus can reduce the interchain 
interaction effectively. 

2.2  Quantum yield of the PPV-1/dendron complexes 
As discussed above, the luminescence activity of PPV-1 
increases remarkably in the existence of bis-MPA den-
dron-G3. To quantitatively illustrate the changes of lumi-
nescence ability of PPV-1 wrapped with dendrons, the 
quantum yields (φ 

FL) of PPV-1 and its complex with 
bis-MPA dendron-G3 were evaluated by referring to qui-
nine sulfate solution[30]. Figure 3 shows the quantum 
yields of PPV-1 and its complexes with bis-MPA den-
dron-G3 (G5) in aqueous solutions. It was observed that 
the quantum yield of PPV-1 alone was extremely low 
(2.4%) in a dilute solution. In the existence of bis-MPA 
dendron-G3, the quantum yield of PPV-1 increased dra-
matically to 7.9%, and stayed at 5.3% even as the solution 
was concentrated to that with the absorbance of 0.25. 
These observations indicate that electrostatic interaction  

 

Figure 3  Fluorescence quantum yields (φ FL) of PPV-1 and its 
complexes with bis-MPA dendron-G3 and bis-MPA dendron-G5 in 
aqueous solutions. Excited wavelength: 366 nm. The molar ratios of 
PPV-1 to bis-MPA dendron-G3 and bis-MPA dendron-G5 are 1:10 
and 1:5, respectively. [PPV-1] = 5 × 10−6− 4 × 10−5 mol/L. 
 

between the quaternary amino groups of PPV-1 and the 
carboxylate moieties of the dendrons resulted in efficient 
wrapping of PPV-1 conjugated backbones with the den-
drons, and the formation of a dendron-insulated sheath 
around the PPV-1 backbones. This kind of interaction can 
increase the distance between two individual polymer 
chains remarkably, and thus reduce the interchain interac-
tion, exhibiting the increase of quantum yield. 

To further confirm this steric hindrance effect of den-
drons on the PPV-1 interchain interaction, bis-MPA 
dendron-G5 with higher generation was also examined. 
It was found that the quantum yield of PPV-1 in the 
complex could further increase to 9.5% in a dilute solu-
tion even with lower molar ratio of dendron-G5 to 
PPV-1 (5:1). This result indicates that the larger the size 
of the dendron, the greater the distance between two 
individual PPV-1 polymer chains, the weaker the inter-
action between conjugated polymer chains. 

Examinations on the quantum yields of PPV-1 and its 
complexes in solid films also supported the above   
conclusion. It was observed that PPV-1 had a quantum 
yield of 0.52% in the solid film, referring to 9,10-di- 
phenylanthracene (2 × 10−3 mol/L) in poly(methacrylate) 
film (φ FL= 0.83)[31], whereas in the PPV-1/dendron 
complexes, the quantum yields were increased to 2.98% 
(with bis-MPA dendron-G3) and 3.80% (bis-MPA den-
dron-G5), respectively. 

2.3  Optimization of the ratio of dendron to PPV-1 in 
the complexes 

In order to characterize the properties of the PPV/den- 
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Figure 4  Plots of absorption maximum (λmax) and fluorescence quantum yield of the bis-MPA dendron-G3/PPV-1 ((a),(b)) and bis-MPA 
dendron-G5/PPV-1 ((c),(d)) complexes against the molar ratio of dendron to PPV-1. [PPV-1] = 5 × 10−5 mol/L. 

 
dron complexes and find an optimal ratio of dendrons to 
PPV-1, we screened the absorption and emission spectra 
of the complexes by keeping PPV-1 in a certain concen-
tration and varying the content of the dendrons. It was 
found that with increasing concentrations of bis-MPA 
dendron-G3, the absorption maximum of PPV-1 kept 
red-shifting from 447 to 460 nm as the molar ratio of 
dendron to PPV-1 (r) changed from 0 to 16 (Figure 4(a)). 
Simultaneously, the emission maximum was also 
red-shifted from 535 to 550 nm along with the increase 
in intensity, which attained a constant maximum value 
around r = 10:1. Above the point of r = 10:1, addition of 
bis-MPA dendron-G3 did not lead to further changes of 
the emission spectrum (i.e., the fluorescence quantum 
yield of the complexes). Therefore, r = 10:1, beyond the 
inflexion point shown in Figure 4(b), was chosen for 
investigating the properties of the complex to insure that  

the PPV-1 backbones have been wrapped with bis-MPA 
dendron-G3 completely. Similarly, the optimal ratio of 
bis-MPA dendron-G5 to PPV-1 was determined as 5:1, 
which was lower than that of the bis-MPA dendron- 
G3/PPV-1 complex, originating from the fact that the 
bulky size of bis-MPA dendron-G5 was favorable for 
blocking PPV-1 interchain interaction with respect to 
bis-MPA dendron-G3. 

3  Conclusion 

In conclusion, we have developed a facile approach to 
fabricate PPV IMWs by wrapping water-soluble cationic 
PPV-1 conjugated backbones with anionic bis-MPA 
dendrons through electrostatic interaction. We hope that 
this reliable and flexible method based on ionic self- 
assembly will offer a simple way to the preparation of 
supramolecular IMWs. 
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