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In this study, the surface of p-conjugated polymer, poly(2-methoxy-5-(20-ethyl-hexyloxy)-1,4-phenylene
vinylene) (MEH-PPV), was successfully modified with the sulfate anion (SO4-) groups by the confined
photo-catalytic oxidation (CPO). After the surface modification, the water contact angle of MEH-PPV is
changed from 95.5� to 82.1� without influence on its optical properties (based on the UV and PL spectra),
and the water droplet can be absorbed on the modified MEH-PPV surface without sliding even at sub-
strate tilt angles of 90� and 180�. The CPO on the MEH-PPV surface is able to further expand the use of
MEH-PPV for applications. In addition, the water transport test indicates that the modified MEH-PPV
can be a candidate for transporting water droplet.

� 2011 Elsevier Inc. All rights reserved.
1. Introduction

Recently, the development in p-conjugated polymers such as
polythiophene (PT) [1], poly(p-phenylenevinylene) (PPV) [2],
polyfluorene (PF) [3] and poly(triphenyl amine) [4] derivatives
employed for optoelectronic and energy generating devices has
spurred more and more attention because of the increased demand
for devices with higher performance [5]. Since the Cambridge
group discovered the application of PPV in 1990 [2a], it has become
one of those popular p-conjugated polymers due to its lower oper-
ating voltages, better processability, and easier color tunability in
terms of LED application as compared with several p-conjugated
polymers and low-molecular-weight organic materials [2,6–8].
Poly(2-methoxy-5-(20-ethyl-hexyloxy)-1,4-phenylene vinylene)
(MEH-PPV) belonging to the PPV derivatives which possesses im-
proved solubility also has attracted much interest from academia
and industry. Through appropriate design of the process, it can
be successfully incorporated into several advanced optical-elec-
tronic devices and play a critical role affecting their performance
[6–8].

In order to fit PPV for more applicable use, the modification on it
is an important issue in the field. Kang et al. attached PPV to poly-
hedral oligomeric silsesquioxane (POSS) cage and found that the
brightness and efficiency of the related devices were improved.
Bakueva et al. introduced iodine into PPV and observed the
ll rights reserved.
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influence of the incorporation on the properties of PPV [6b]. Wery
et al. [6c] and Li and coworkers [6d] prepared composites compris-
ing carbon nanotubes and PPV, indicating the drastic changes in
the properties. Other nanoparticles such as SiO2 [7a] and TiO2

[7b–e] were also considered as candidates for the modification of
PPV. In addition, the modification of the side chain [8a–d] and
end groups [8e] of PPV and the copolymerization of PPV with other
polymers have also been studied [8f–h]. Besides these modification
strategies mentioned above, the study on the surface modification
of the PPV surface is still lacking [9]. Surface modification is a con-
venient and useful strategy, which can change surface properties of
materials without the influence on their bulk properties. In the
previous work, Yang et al. has studied the hydrophilic modification
method, confined photo-catalytic oxidation (CPO), on the surface of
several commercialized polymers and indicated that the sulfate
anion (SO�4 ) groups can be quickly attached to their surface [10].
Additionally, further treatment with D.I. water and heat can
change the group to hydroxyl group. This surface modification
strategy can be carried out easily and the resulting surface can
be applied for additional reactions and other advanced use [10].
In the present study, the CPO is performed on the surface of
MEH-PPV spin coated on quartz. The XPS and contact angle mea-
surements indicate that the surface can be successfully modified
and exhibit relatively higher degree of hydrophilicity. The absorp-
tion test shows that the more hydrophilic MEH-PPV surface can ab-
sorb water droplet from the pristine surface. This surface
modification is able to further expand the use of MEH-PPV for
applications.
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Scheme 1. Schematic diagram of photoirradiation apparatus: (1) quartz, (2) MEH-
PPV, and (3) BOPP top layer.
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2. Experimental

2.1. Materials

MEH-PPV was purchased from Sigma–Aldrich (USA). Toluene
and ammonium persulfate [(NH4)2S2O8] were purchased from Ac-
ros Organics (Germany) and used as received. Biaxial oriented
polypropylene (BOPP) was from the State Key Laboratory of Chem-
ical Resource Engineering, College of Materials Science and Engi-
neering, Beijing University of Chemical Technology (Prof. Wantai
Yang’s group). Quartz was purchased from Momentive Perfor-
mance Materials (USA) with 99.99% purity and it was washed with
acetone and dried in an oven before use.
.)

(1) MEH-PPV
(2) MEH-PPV after CPO for 9 mins
(3) MEH-PPV after CPO for 15 mins

(a)
2.2. Sample preparation

Desired amount of MEH-PPV was dissolved in toluene to form a
1 wt% solution. The resulting solution was dropped to quartz and
then spin coated at 1500 rpm for 30 s. The sample was dried in vac-
uum (0.2 torr) for 3 h at 30 �C. The photoirradiation system used
was shown schematically in Scheme 1. The BOPP top layer was
cleaned with deionized water and acetone. A desired amount of
Table 1
Contact angles of the pristine and modified MEH-PPV.

Pristine
MEH-PPV (�)

UV exposure
for 15 min
without
(NH4)2S2O8 (�)

CPO for
3 min
(�)

CPO for
9 min
(�)

CPO for
15 min
(�)

Contact anglea 95.5 93.3 84.3 82.6 82.1

a The calculation of contact angles is shown in the Supporting information.
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Fig. 1. C1s peaks of XPS measurement from pristine MEH-PPV, MEH-PPV after CPO
for 15 min and UV exposed MEH-PPV without (NH4)2S2O8 solution.
30 wt% (NH4)2S2O8 aqueous solution (30 ll) was deposited on the
MEH-PPV surface coated on quartz through a micro-syringe. The
BOPP top layer transparent to UV light covered this solution, and
the drop of solution was spread into an even and very thin liquid
layer (about 2 lm) under suitable pressure. The assembled unit
was then irradiated by UV radiation (UV lamp: 3000 lW/cm2 at
254 nm measured by spectrometer) from the topside at room tem-
perature for 3, 9, and 15 min. After the irradiation, BOPP top layer
was peeled off and the modified MEH-PPV surface was rinsed by
deionized water several times to clean the treated surface abso-
lutely, dried in vacuum (0.2 torr) at 30 �C and kept in sealed plastic
bag for measurements.

2.3. Characterizations

Ultraviolet–visible (UV–vis) and photoluminescence (PL) spec-
tra were measured using HP 8453 diode-array spectrophotometer
and Hitachi F-4500 luminescence spectrometer, respectively. High
resolution X-ray Photoelectron Spectrometer (XPS) was measured
by PHI Quantera SXM/Auger: AES 650.
3. Results and discussion

Table 1 summrizes the water contact angles of the pristine and
modified MEH-PPV surfaces undergone different CPO time. As
listed in Table 1, the pristine MEH-PPV is relatively hydrophobic
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Fig. 2. (a) UV and (b) PL spectra of the pristine and modified MEH-PPV.
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and exhibits water contact angle of 95.5� which is attributed to its
chemical structure. After the CPO process, the water contact angle
is gradually changed to 82.1�, indicating that the modification on
the MEH-PPV surface with sulfate anion group indeed leads it
being more hydrophilic.10 On the contrary, the surface of MEH-
PPV after UV exposure without the presence of (NH4)2S2O8 solution
still exhibits water contact angle as similar as the pristine MEH-
PPV. It can be evidence that the contact angle change is not from
MEH-PPV exposed only by UV but is from the CPO.

Fig. 1 displays the C1s peaks from XPS measurement of pristine
MEH-PPV, MEH-PPV after CPO for 15 min and UV exposed MEH-
PPV without (NH4)2S2O8 solution, respectively. As shown in
Fig. 1, the binding energy of C1s retains almost unchanged during
the UV exposure of MEH-PPV without (NH4)2S2O8 solution. How-
ever, if there is (NH4)2S2O8 solution during UV exposure (CPO),
the C1s peak of pristine MEH-PPV is slightly shifted after the sur-
face modification, which implies the change and successful modi-
fication of the MEH-PPV surface. In addition, through directly
dropping water droplet to the pristine and modified MEH-PPV sur-
faces, we could observe that the water droplet slid down the pris-
tine MEH-PPV surface very quickly whereas it was absorbed on the
modified MEH-PPV surface without further sliding. Although the
water contact angle is slightly decreased from 95.5� to 82.1�, the
above consequence indicates the substantial change in the MEH-
PPV surface behavior.

Fig. 2 shows bulk state UV and PL spectra of the pristine and
modified MEH-PPV. In the UV spectra, pristine MEH-PPV exhibits
a broad UV absorption at 493 nm, and the UV absorption retains
unchanged after CPO, indicating that the CPO process does not af-
fect the UV absorption of MEH-PPV. In addition, the PL spectra also
show the same behavior. Both light absorption and emission prop-
erties are not affected by the CPO process, revealing that the sur-
face modification can result in appreciable change in the surface
properties without the influence on the optical properties of
MEH-PPV.

The water contact angle data and water drop test from the mod-
ified MEH-PPV surface promote the further investigation on the
Fig. 3. Graphs illustrate the change during the water droplet transport test.
surface property. The water sliding test was performed through
dropping water droplet to the modified MEH-PPV surface tilted
to 90� and even 180� for observing the change in the water droplet
(Supporting information).

The water droplet does not slide from the surface, indicating the
good adhesion of the water droplet absorbed on the modified
MEH-PPV surface after CPO. The adhesion force of surface was
found to depend strongly on its chemical composition [11] and
topography [12,13]. For the modified MEH-PPV surface, the change
in the surface chemical composition may be the major factor to in-
crease the adhesion force. In addition, the feasibility of materials
for transporting water droplet has been studied in our previous
study [13]. We also performed the water transport test using the
modified MEH-PPV surface. As shown in Fig. 3a, the underside is
the pristine MEH-PPV surface while the upper is the modified
MEH-PPV. Firstly, a water droplet was dropped to the pristine
MEH-PPV surface. Then, the underside was shifted gradually to
the upper until the water droplet touched the upper surface. Final-
ly, the underside was shifted away from the upper. The change in
the water droplet during the whole transport test was observed
and the micrographs are shown in Fig. 3b–f. This is the first time
that the modified p-conjugated polymer possesses the water trans-
port behavior although the transport is imperfect. The conse-
quence indicates that the hydrophobic MEH-PPV can be a
candidate for transporting water droplet after CPO without loss
of its optical properties.

4. Conclusions

The surface of the MEH-PPV spin coated on quartz is success-
fully modified with sulfate anion groups through the CPO. The
water contact angle, sliding test, UV, and PL spectra indicate that
the surface modification on MEH-PPV can result in appreciable
change in the surface behavior without the influence on its optical
properties. In addition, the water droplet can be absorbed on the
modified MEH-PPV surface without sliding even if at substrate tilt
angles of 90� and 180�. The water transport test shows that the
modified MEH-PPV surface can absorb water droplet from the
pristine MEH-PPV surface. This is the first time that the modified
p-conjugated polymer possesses the water transport behavior
and the CPO on the MEH-PPV surface is able to further expand
the use of MEH-PPV for applications.

Appendix A. Supplementary material

Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.jcis.2011.11.040.
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