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ABSTRACT: The lithium-8-hydroxyquinolate function-
alized polycation copolymers with quaternary ammon-
ium-type linkage have been prepared by reaction of 5-
chloromethyl-8-quinolinol hydrochloride (CHQ) with the
copolymer (CPA) of methacrylic ester and 2-(dimethylami-
no)ethyl methacrylate (DM), followed by metalation with
lithium. Two kinds of copolymers with each containing
9.69 and 16.29 wt % of the DM content (CPA1 and CPA2)
were involved in the study. The structures of these poly-
mers were characterized by Fourier transform infrared
techniques and gel permeation chromatography. The mul-
tilayer films were prepared by alternate electrostatic layer-
by-layer self-assembly (ESA) of CPA with polyanion elec-
trolyte. The UV–vis and fluorescence spectra of the films

showed a red shift compared to those in tetrahydrofuran
solutions. The intensity in UV–vis increased and that of
fluorescence decreased linearly with the number of film
layers. Atom force microscope (AFM) results of the multi-
layer films demonstrated presence of compact films on the
surface after chelating metal ions. The experimental results
indicated that these kinds of materials have applied poten-
tial in organic light-emitting diodes (OLEDs). � 2008 Wiley
Periodicals, Inc. J Appl Polym Sci 110: 124–133, 2008
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INTRODUCTION

Supramolecular chemistry as a highly interdiscipli-
nary field is advancing so rapidly that it actually
penetrate into every corner of research involving
intermolecular noncovalent interactions since the
Nobel laureate J.M. Lehn first expounded the con-
ception.1,2 Along this line is the development of
supramolecular studies on macrocyclic chemistry,
molecular assembly, molecular diode, and new func-
tion material. In polymer science, polyelectrolytes
are excellent models for studies on supramolecular
assembly. The most recent of the self-organization
techniques is the alternating physiosorption of oppo-
sitely charged polyelectrolytes, the so-called layer-
by-layer method or ‘‘electrostatic self-assembly’’
(ESA).3,4 However, a practical method for ESA was
not developed until the early 1990s by the group of
Decher5,6 although the self-assembly by alternating
adsorption of oppositely charged polyions was

observed 22 years ago.7 This technique has been
intensely attractive in terms of its simplicity and con-
trollability compared to other means.8,9 It provides a
way to control the construction of ultrathin films
(e.g., thickness and composition) at nanoscale, and a
long-term stability of the film can be obtained easily.
Besides, this technique could be applied to many
systems, not only polyelectrolytes, but also inorganic
nanoparticles,10 dyes,11,12 and biological macromole-
cules such as DNA13 and proteins.14 ESA technique
have already become a advanced and pop subject in
chemistry research field.15–17

The design of next-generation organic light-emit-
ting diodes (OLEDs) is focused on polymers contain-
ing electroluminescent functionality with efficient
charge-transport capability. Because the first efficient
OLED based on aluminum quinolate (AlQ3)

18 was
reported by Tang and Van Slyke, these types of
metal-chelating materials have been extensively
studied especially in its application in conductible
and luminous devices and delinearity optical materi-
als. Among them, the complex of 8-hydroxyquino-
line and aluminum (AlQ3) stood out in serving as
electron transporting emitting materials together
with outstanding thermal stability and high lumines-
cence efficiency. This kind of diode basically settles
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the problem that there are the higher driving volt-
age, lower EL efficiencies, and badly brightness in
OLEDs.

However, metaloquinolates experienced some
drawbacks in that isomerizations or oligomerizations
occur upon high temperature sublimation,19 because
the layers made of small molecular organic transport
materials are usually amorphous thin solid films,
which are prepared by using vacuum deposition
method. At the same time, crystallizations may take
place at the function time resulting in the decrease
of work time. It is desirable to find materials that
displayed both the excellent fluorescent properties of
8-hydroxyquinoline metal chelates and the process-
ing properties of polymers. One of the resolution to
these problems by utilizing a mixture of 8-hydroxy-
quinoline metal chelates and polymers20 failed due
to the limited solubility of the 8-hydroxyquinoline
metal chelates and phase separation, leading to the
poor optical properties and short work-time.21

Researchers have recently reported two kinds of
soluble metaloquinolate-containing copolymers. Lu
et al. prepared a polymer fully functionalized with
AlQ3 in a postpolymerization step,22 and Meyers and
Weck’s synthetic method was based on a fully func-
tionalized monomer, which was polymerized in a
controlled fashion and eliminated the crosslinking.23

However, the solubility of these polymers was still
not good enough. Herein, we report the lithium-8-
hydroxyquinolate functionalized polycation copoly-
mers whose solubility is better due to the presence of
the hydroxy in the copolymer chains. To our knowl-
edge, 8-hydroxyquinoline as side chains to a polymer
with covalent bond in literature24,25; however, there
is no report on quaternary ammonium polymers
with positive charge.

LiQ is an efficient blue emitter, which has strong
PL at 470nm that has also been examined as an
interface material in combination with AlQ3 and
ZnQ2 to lower the driving voltage.26–28 8-Hydroxy-
quinoline lithium-containing copolymers (CPA1-HQ-
Li and CPA2-HQ-Li) were successfully synthesized
by the 8-hydroxyquinoline-containing polymer che-
lated with metal ion Li1. The quarternary amonium
PDM was used as the cation first adsoption layer to
abtain flexible substrate. The sulfonated fluoropoly-
mer (Nafion 117) was used as the anion hole electon
transport, 8-hydroxyquinoline lithium-containing
copolymers were used as cation luminescent layers,
and then the multilayer thin films were obtained by
ESA. The relationship between side luminescent
groups and photoelectricity and UV–vis properties
of thin polymer films were investigated, which
made a foundation of polymer thin luminescent de-
vice of preparation and mensurating its properties
and also discovering and developing of overthin
display.

EXPERIMENTAL

Materials

Reagent-grade acrylic resin monomers including
n-butyl acrylate (BA), styrene (St), 2-hydroxypropyl
acrylate (HPA), methyl methacrylate (MMA), and 2-
(dimethylamino)ethyl methacrylate (DM) were pur-
chased from Beijing Chemical Co. (Beijing, China).
Nafion 117 solution was obtained from Fluka, Buchs,
Switzerland. PDM was prepared by reaction of BA
with DM. Other chemicals and solvents were used
as received unless stated otherwise, including initia-
tor 2,20-azobis-isobutyronitrile (AIBN, Shanghai No.4
Reagent and H. V. Chemical Co.), Na2CO3 (Tianjin
Chemical Reagents Factory) ethanol, dilute ammonia
solution (25%), isopropyl alcohol (IPA, Chengdu
Changlian Chemical and Technology Reagents Co.),
8-hydroxyquinoline, anhydrous tetrahydrofuran (THF),
sulfuric acid, hydrogen peroxide (30%) (Chengdu
Kelong Chemical and Technology Reagents Co.), and
LiOH � H2O (Sichuan Nike Guorun New Materials
Co.). THF was refluxed with cuprous chloride for
1 h and distilled before use.

Characterization

The melting point of the 5-chloromethyl-8-quinolinol
hydrochloride (CHQ) was recorded on XRC-2 micro-
scope melting point apparatus (The Sichuan Univer-
sity Exercitation Plant). The Fourier transform infra-
red (FTIR) spectra were carried out with a Nicolet
1700SX spectrometer (all samples grounded in KBr).
The UV–vis absorption measurements were per-
formed on a TU-1901 UV spectrometer (Bejing Puxi
Universal Devices Co.). Differential scanning calo-
rimetry (DSC) was preformed under nitrogen using
a PerkinElmer 200PC at a heating rate of 108C/min.
The number–average molecular weights ( �Mn), the
weight–average molecular weights ( �Mw), and distri-
bution of the polymers were measured by gel per-
meation chromatography (GPC, Agilent 1100 chro-
matograph) at 358C. THF was used as the eluent at a
flow rate of 1.0 mL/min and standard polystyrene
as the reference. Film samples were prepared on a
quartz glass. Photoluminescence (PL) spectra of the
polymer multilayer films were recorded on a Hitachi
850 fluorescence spectrophotometer. The surface
structures on the films were observed by atomic
force microscope (AFM, Scanning Probe Microscope
System Series SPA-400, Japan Spiritus and Work
Company, with DFM Model).

Synthesis

The following is the synthetic route to the LiQ-
containing copolymers:
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Synthesis of 5-chloromethyl-8-hydroxyquinolinol
hydrochloride (I) and 5-chloromethyl-
8-hydroxyquinolinol (II, CHQ)

5-Chloromethyl-8-hydroxyquinolinol hydrochloride
(I) was synthesized according to the literature29 in a
yield of 87.0%.

5-Chloromethyl-8-hydroxyquinolinol (II, CHQ)
was synthesized by dropping NH3�H2O into I till pH
of the mixture solution approached 7. The precipi-
tate was washed with acetone three or four times,
collected by filtration, and dried at 408C in vacuo for
12 h to afford 15.94 g (87.0% yield) of a brown solid.

Synthesis of the copolymerization of methacrylic
esters (III, CPA1 and CPA2)

The copolymers of methacrylic esters (CPA1 and
CPA2) were synthesized according to the literature30:
MMA (25 mL), St (13 mL), BA (38 mL), HPA (18 mL),
DM (10 mL), IPA (70 mL), and AIBN (1.8 g) were
mixed. The solvent IPA was heated to reflux, and the
mixture of monomers and initiator were added at
reflux to a 250-mL two-necked flask equipped with a
stirrer and isobarically dropping funnel in 2 h. More
other than 3.5 h was required to make the copolymer.
After cooling, the product was purified by reverse
precipitation by the slow addition of petroleum ether
into the THF solution. The insoluble solid left in the
solution was removed by centrifugation. The resulting
polymer was redissolved in THF and further purified
by reprecipitation in petroleum ether. The precipitate
was filtered off and dried at 408C in vacuum for 12 h
to afford CPA1 (9.69 wt %).

CPA2 with a higher weight content of DM (16.29
wt %) was prepared by an analogous method.

Synthesis of the copolymer-containing
8-hydroxyquinoline ligands (IV, CPA1-HQ,
and CPA2-HQ)

A 250-mL single-necked flash equipped with a mag-
netic stirrer and a condenser was charged with etha-
nol (100 mL), anhydrous Na2CO3 (300 mg), CPA1

(4.113 g), and 5-chloromethyl-8-hydroxyl-quinolinol
(1.614 g). The reaction mixture was heated to reflux
and kept at reflux for 24 h. The mixture was filtered
through a G1 funnel to remove residual insoluble
solids, and the filtrate was distilled to get rid of
most alcohol and dried at 408C for 12 h in vacuum.
Then, the product was dissolved in THF, and the re-
sidual insoluble solids in the solution were removed
by centrifugation, and the filtrate was reprecipitated
by petroleum ether and washed by THF for several
times. The precipitate was filtered off and dried at
408C in vacuum for 12 h to provide CPA1 (9.69 wt
%) as a deep-brown solid (66.44% yield).

To increase the mass fraction of 5-chlorine-8-
hydroxyquinoline in the CPA’s side chains, CPA2-

HQ (19.37 HQ wt %) was prepared by an analogous
method (70.54% yield).

Synthesis of the LiQ-containing polymers
(V, CPA1-HQ-Li and CPA2-HQ-Li)

LiQ-containing polymer V was synthesized from the
dehydration reaction of lithium hydroxide and poly-
mer IV containing 8-hydroxyquinoline ligands. THF
was used as solvent. CPA1-HQ (g, 13.2 mmol) were
added to 20 mL of anhydrous THF in a three-necked
flask equipped with a nitrogen inlet and a magnetic
stirrer, and then the solution of LiOH (0.316 g, 13.2
mmol) in anhydrous THF was dropped into the flask
until pH of the mixture solution reached 8–11. A
yellow-green color appeared immediately. The mix-
ture was stirred at room temperature for 48 h. Upon
completion of the reaction, the precipitate was sepa-
rated by filtration. The solution CPA1-HQ-Li was
reprecipitated by petroleum ether and washed by
THF for several times, and the insoluble solids left
in the solution was removed by centrifuge. The rep-
recipitate was filtered off and dried at 408C in vac-
uum for 12 h to give the product as a yellow-green
solid (CPA2-HQ-Li, 11.66 LiQ wt %) (69.52% yield).

The CPA2-HQ-Li (19.59 LiQ wt %) was prepared
by an analogous method (71.36% yield).

Multilayer fabrication of CPA1-HQ-Li
and CPA2-HQ-Li/polyelectrolytes

Quartz slides (35.0 3 12.4 3 1.6 mm) were used as
substrates for UV–vis spectroscopy and PL spectra,
quartz slides were pretreated to render a net ne-
gative surface charge by a method previously
described.31 These slides were placed in glass weigh-
ing bottles and covered with a solution of concen-
trated H2SO4 and 30% H2O2 (7/3 v/v). After the
mixture was heated at 908C for 0.5 h, it was cooled
to room temperature and the liquid was decanted.
Quartz slides were immediately rinsed with deion-
ized water and then decanted the liquid. This pro-
cess was repeated five times, and the slides were
rinsed twice with deionized water, dipped into
H2O/H2O2/NH3 solution (v/v/v 5/1/1), and heated
for 0.5 h at 408C. Then, the liquid was decanted, the
slides were rinsed five times with deionized water,
and finally dried at 408C in vacuum for 1 h.

CPA1-HQ-Li was dissolved in 30 mL of anhydrous
THF. The purchased Nafion 117 (120 mg) was added
to a container containing 30 mL of water (2 mg/mL).
PDM/ammonia solution (2.0 mg/mL, pH 5 11. 47)
was added to a container containing ammonia 30 mL
of water by the same method. The molecule struc-
tures of PDM and Nafion 117 are shown in Figure 1.

The multilayer films were prepared by a layer-by-
layer adsorption method. The quarternary ammo-
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nium PDM was used as the first positively charged
adsorption layer to obtain flexible substrate. The pol-
yelectrolyte (CPA1-HQ-Li) synthesized above and
Nafion 117 were used as polycation and polyanion,
respectively, to assemble multilayer thin films.

A negative-charged quartz slide was first
immersed into 2 mg/mL PDM aqueous solution for
20 min. After rinsing five times in deionized water
and dried at 408C in vacuum for 30 min, the quartz
slide was inserted into the solution of Nafion 117
and CPA1-HQ-Li alternately. This process was
repeated until the desired number of bilayers of
CPA1-HQ-Li/Nafion 117 was obtained. After each
deposition, the slide was washed with deionized
water for 1 min and dried at 408C in vacuum for
30 min. Here, a layer of CPA1-HQ-Li and a layer of
Nafion 117 are entitled a double layer. The adsorp-
tion process of CPA1-HQ-Li/Nafion 117 multilayers
was monitored by the UV–vis spectrometer and fluo-
rescence spectrometer. All adsorption procedures
were carried out at room temperature.

The ESA multilayer films of CPA2-HQ-Li (2 mg/
mL)/Nafion 117 were obtained by the same method.

Multilayer of CPA1-HQ-Li/Nafion 117, CPA1-HQ/
Nafion 117, and single-layer fabrication of CPA1

were fabricated by an analogous method with three
pieces of clean quartz slides (30.0 3 30.0 3 1.6 mm),
and the surfaces of film were studied by AFM.

The following are the molecule structure of PDM
and Nafion 117.

RESULTS AND DISCUSSION

Synthesis and ESA

In preparing the copolymers of CPA1 and CPA2, it is
essential to manipulate the addition speed and to
choose the way of addition. If AIBN was added too
fast, an explosive polymerization would result owing
to high temperature and release of a great deal of
heat in local region of polymerization. So, AIBN was
dropped slowly through isobarically dropping funnel.
In addition, powdered AIBN was more favorable
allowing for the low solubility in isopropyl alcohol.

Ethanol was chosen as solvent for attaching CHQ
to CPA1 and CPA2 in the reaction, because both
CHQ and copolymers (CPA1 or CPA2) are soluble in
it, and it is more polar and CHQ gives better solubil-

ity in it, which facilitates the reaction between CHQ
and tertiary amine in the polymer backbone. Also,
excessive CHQ can ensure the high yields of CPA1-
HQ and CPA2-HQ.

The synthetic scheme of preparation of the LiQ-
containing polymer V(CPA1-HQ-Li and CPA2-HQ-Li)
is shown in Scheme 1. The dropping sequence of the
reactants, pH of the mixture solution (8–11) and the
dry atmosphere were very important. A classical lith-
ium complex was formed with the possible structure
LiQ � 3H2O. Fully anhydrous complexes could not
be obtained because of the highly hygroscopic nature.
The details of synthesis are given in the Experimental
section. Compound V was directly obtained from the
reaction of compound IV and LiOH (1 : 1). The lith-
ium complex was a hygroscopic material.

Qualitative evaluation of solubility of CHQ and
the copolymers mentioned above was done for
ensuring absence of unreacted small molecule CHQ.

CHQ could be dissolved well in water and ethanol,
whereas but not in other common organic solvents
such as THF, chloroform, benzene, toluene, DMF,
and acetone. CPA1, CPA1-HQ, and CPA1-HQ-Li
could be dissolved well in the above solvents except
water. Similar solubility was observed for CHQ in
comparison with CPA2, CPA2-HQ, and CPA2-HQ-Li.

Scheme 1 Synthetic route to the LiQ-containing copolymer.

Figure 1 The molecule structure formulas of PDM and
Nafion 117.
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The first layer film is key in preparing the multi-
layer films; otherwise, the next film shall be affected.
The PDM is used as flexible substrate, which is help-
ful to the success of the multilayer assembly.

The solubility characteristic

Solubility of CHQ in comparison with CPA1, CPA1-
HQ, and CPA1-HQ-Li is summarized in Table I. The
polarity of the CHQ, CPA1-HQ, CPA1-HQ, and
CPA1-HQ-Li could influence the solubility of them
in common solvents. CHQ could dissolve well in
water and ethanol, whereas could not dissolve in the
other common organic solvents such as THF, chloro-
form, benzene, toluene, DMF, and acetone. CPA1,
CPA1-HQ, and CPA1-HQ-Li could be dissolved well
in the common organic solvents except water.

Solubility of CHQ in comparison with CPA2,
CPA2-HQ, and CPA2-HQ-Li is similar to the above
Table I.

The GPC results of CPA1-HQ, CPA2-HQ,
CPA1-HQ-Li, and CPA2-HQ-Li

The GPC results of CPA1-HQ, CPA2-HQ, CPA1-HQ-
Li, and CPA2-HQ-Li are shown in Table II. The
number–average molecular weights ( �Mn) of CPA1-
HQ-Li and CPA2-HQ-Li increase compared to those
of CPA1-HQ and CPA2-HQ, which is opposite to �Mw,
�Mz, and �Mh. This is a more trenchant evidence of the
polymer IV containing 8-hydroxyquinoline ligands
chelated with metal ion Li1.

The DSC results of CPA1, CPA1-HQ,
and CPA1-HQ-Li

Thermal analysis was done by DSC, and the results
were shown in Figure 2. The samples (10 mg) were

placed in aluminum pans and run at a rate of 108C/
min, followed by cooling rapidly or by a controlled
cooling rate of 108C/min to form glassy state. The
glass transition (Tg) was measured from a second
heating of the glassy state. The Tg of CPA1 is 26.88C,
the Tg of 8-hydroxyquinoline lithium-containing
copolymers increased from 42.9 to 62.98C after the
dehydration reaction of lithium hydroxide and poly-
mer IV containing 8-hydroxyquinoline ligands. The
Tg of CPA1, CPA1-HQ, and CPA1-HQ-Li increased
along with the introduction of the quinoline ring and
metal ion Li1. In other words, its thermal stability
can be improved, because the rigidity increases as the
introduction of the quinoline ring and metal complex.

The FTIR spectra of CPA1, CPA1-HQ,
and CPA1-HQ-Li

From the FTIR measurements of CPA1 (a) and
CPA1-HQ (b) as shown in Figure 3, it was found
that the strong peak at 3443 cm21 from O��H
stretching vibration give a blue shift to 3422 cm21

due to the pendant of CHQ in CPA1. The vanishing
of the peak at 696 cm21 in the CHQ (the stretching
vibration of C��Cl) indicated the success of the graff
reaction. The new absorbance at 1638 cm21 comes
from the conjugation of lone pair electron of N atom
of CHQ with benzene rings.

For CPA1-HQ (b) and CPA1-HQ-Li (c) as shown in
Figure 3, the strong absorbance peak of 3421 cm21

from O��H stretching vibration and 1234 cm21 from
O��H deformation vibration of 8-hydroxyquinoline
were markedly weakened owing to the coordination
of O��H and N with metal ion Li1. The distinct
peaks at 1569 cm21, 1593 cm21, 1505 cm21, and 1465
cm21 were characteristic of the absorption vibration
of the aromatic ring skeleton. The intensity increase
implied that the conjugated system is extended,

TABLE I
Solubility of CHQ in Comparison with CPA1-CPA1-HQ and CPA1-HQ-Li

Sample Water Ethanol THF Chloroform Benzene Toluene DMF Acetone

CHQ 1a 1 2 2 2 2 2 2
CPA1 2b 1 1 1 1 1 1 1
CPA1-HQ 2 1 1 1 1 1 1 1
CPA1-HQ-Li 2 1 1 1 1 1 1 1

a Dissolve.
b Insoluble.

TABLE II
The GPC Results of CPA1-HQ, CPA2-HQ, CPA1-HQ-Li, and CPA2-HQ-Li

Sample DM% �Mn
�Mw

�Mz
�Mh PDsI

CPA1-HQ 11.52 (HQ%) 6,501 25,803 59,162 25,803 3.9692
CPA2-HQ 19.37 (HQ%) 10,047 26,781 50,163 26,781 2.6655
CPA1-HQ-Li 11.66 (LiQ%) 7,064 12,571 18,722 12,571 1.7795
CPA2-HQ-Li 19.59 (LiQ%) 10,574 20,341 33,409 20,341 1.9237
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which is the evidence of preseme LiQ group in poly-
mer. Furthermore, the stretching vibration peak
located initially at 1638 cm21 was blue shifted to
1603 cm21 nearby, which was ascribed to the reduc-
tion of electron density upon chelating of Li1 with
N and O, leading to the decrease of force constant of
C��N bond and thus a blue shift of absorption fre-
quency. The observation indicated the formation of
the synthesized product as the desired copolymers.

The UV–vis absorption spectra of CHQ, CPA1,
CPA2, CPA1-HQ, CPA2-HQ in THF

It was found from Figures 4 and 5 that there are two
uniform absorption peaks (229 and 265 nm) in UV–
vis absorption spectrum of CPA1 and CPA2, the simi-
lar trend was observed in CPA1-HQ and CPA2-HQ
(248 and 320 nm), indicating that the concentration of
copolymer and the content of DM in copolymer have
a little influence on the UV–vis absorption spectra of
CPA1 and CPA2 or CPA1-HQ and CPA2-HQ.

The UV–vis absorption spectra of CHQ, CPA1,
and CPA1-HQ are shown in Figure 4. The narrow
and strong absorption at 248 nm corresponds to the

p ? p* electron transition of CPA1-HQ, and the
absorption at 320 nm is the n ? p* electron transi-
tion caused by lone pair electron of N atom of
CPA1-HQ. There is a wide and weak peak at
320 nm, because the energy of n orbit is so close
with p and p* orbit in the conjugated system of
CPA1-HQ that the energy gap overlap occurs.32 The
absorption spectra provide the evidence for the graft
of CHQ on the side chain of copolymer.

A similar conclusion could be drawn from the
UV–vis absorption spectrum of CHQ, CPA2, and
CPA2-HQ as shown in Figure 5.

The UV–vis absorption spectra of CPA1-HQ-Li
and CPA2-HQ-Li in THF

The interaction between metal ion Li1 and polymer V
containing 8-hydroxyquinoline ligands was also sup-
ported by the UV–vis spectra. As can be seen from Fig-
ure 6, the intensity of UV–vis absorption spectra of
CPA2-HQ-Li (b) is stronger than that of CPA1-HQ-Li
(a). The absorption peak at 248 nm p ? p* electron
transition from quinoline was present, but it has al-
ready red shifted to 260 nm and the n ? p* transition
at 320 nm disappeared or was weakened. The lone pair

Figure 2 DSC curves for CPA1 (a), CPA1-HQ (b), and
CPA1-HQ-Li (c).

Figure 3 FTIR spectra of CPA1 (a), CPA1-HQ (b), and
CPA1-HQ-Li (c).

Figure 4 UV–vis absorption spectra of CHQ, CPA1, and
CPA1-HQ in THF.

Figure 5 UV–vis absorption specta of CHQ, CPA2, and
CPA2-HQ in THF.
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electrons of N do not conjugate with the empty orbit of
metal iron Li1 after O��H and isolated electron of N
atom complexed with metal iron Li1, which reduce
not only the energy of n orbit but also the energy of p
orbit, the position, and the intensity change of n ? p
and n ? p*,33 a broad absorption at 367 nm, this is a
strong evidence for the chelating of the polymer IV
containing 8-hydroxyquinoline ligands with metal ion
Li1. A shoulder at 340 nm can be seen, which is due to
the plus of UV–vis of CPA1-HQ-Li and other polymers
root in the V-containing 8-hydroxyquinoline ligands
chelated partly with metal ion Li1 only.

The fluoroscope spectra of CPA1-HQ-Li and
CPA2-HQ-Li in THF

Figure 7 displays the PL emission spectra of CPA1-
HQ-Li (a) and CPA2-HQ-Li (b) run in THF. Accord-
ing to the experiments and prediction made by mo-
lecular modeling, an electron-donating substituent at
C-5 position of the phenoxide side of the quinolate
ligand will cause a red shift of the luminescence of
8-hydroxyquinoline metal chelates.34,35 We observed
very strong luminescence CPA1-HQ-Li even at room
temperature as shown in Figure 7. The blue lumines-
cence was clearly visible with the naked eye even in
good illuminated room. It confirmed the existence of

a fluorescent species formed between metal ion Li1

and 8-hydroxyquinolinol. The chelated metal cations
have an effect on system p-electronic cloud and
lone-pair electron of N. The effect depends upon
ionic polarization force, which has close relation to
ionic radius, valency state, and covalent character.
The less the ionic radius of chelated metal cations
are, the higher valency state is, PL emission and ex-
citation wavelength of the LiQ-pendant copolymers
were the least.36 The emission spectra of CPA1-HQ-
Li (kmax 5 481 nm) were collected from 386 to 736
nm with an excitation wavelength of 370 nm, which
is consistent with the report.26

Figure 7 also displays the PL excitation and emis-
sion spectra run in THF of CPA2-HQ-Li. As shown
in Figure 7, the emission spectra of CPA2-HQ-Li
(kmax 5 489 nm) were collected from 410 to 760 nm
with an excitation wavelength of 372 nm.

The UV–vis absorption spectra of the self-assembly
multilayer films

Figure 8 shows the UV–vis absorption spectra of
CPA1-HQ-Li/Nafion 117 multilayer films with
increasing number of layer pairs, containing sequen-
tially deposited CPA1-HQ-Li and Nafion 117 layers
with increased number of dipping cycles. A linear
increase of absorbance was observed as the number
of the layer pairs increased, which was maintained
up to at least 10 layer pairs and proved to be a
layer-by-layer assembly. It is well known that the
UV–vis absorbance of CPA1-HQ-Li in solution were
blue-shifted compared to those of their multilayer
thin films. The reason may be excimer formation
between adjacent lumophors in solid films and inter-
molecular processes that are greatly reduced in
dilute solution, leading to a blue-shifted of the emis-
sion spectra.37–41

Figure 6 UV–vis absorption spectra of CPA1-HQ-Li (a)
and CPA2-HQ-Li (b).

Figure 7 Photoluminescence (PL) emission spectra of
CPA1-HQ-Li (a) and CPA2-HQ-Li(b) in THF.

Figure 8 UV–vis absorption spectra of CPA1-HQ-Li/
Nafion 117 multilayer films with increasing number of
layer pairs. The insert shows the relationship between the
maximum absorbance of CPA1-HQ-Li/Nafion multilayer
films and the number of layer pairs.
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From Figure 9, we can see that the analogous rule
in the UV–vis absorption spectra of CPA2-HQ-Li/
Nafion 117 multilayer films with increasing number
of layer pairs and the relationship between the maxi-
mum absorbance of CPA2-HQ-Li/Nafion 117 multi-
layer films and the number of layer pairs.

The fluoresecence spectra of the self-assembly
multilayer films

Figure 10 shows the PL emission spectra of the mul-
tilayer films, containing sequentially deposited
CPA1-HQ-Li and Nafion 117 layers with increased
number of dipping cycles. A linear reduction of PL
was observed as the number of the layer pairs
increased, which was maintained up to at least 10
layer pairs and proved a layer-by-layer assembly.
The reason is quenching of fluorescence intensity
along with increment of materials (CPA1-HQ-Li and

Nafion 117) concentration.42 Possibly, the quenching
process can be in two different ways which includ-
ing dynamic and static quenching, there is not a sin-
gle mechanism of luminescent quenching in the
above actual system because of multifarious environ-
mental factors (medium, temperature, concentration
etc).43 To illustrate this phenomenon ulteriorly, the
polymer main chain structure was changed, that
is, CPA2-HQ-Li was synthesized corresponding to
16.29% of DM added starting material, the result of
control experiments shown in Figure 11.

Figure 11 also shows that it holds true for PL
emission spectra of CPA2-HQ-Li/Nafion 117 multi-
layer films with increasing number of layer pairs
and the relationship between the maximum emission
spectra of CPA2-HQ-Li/Nafion 117 multilayer films
and the number of layer pairs.

It is also well known that the PL emission spectra
of CPA1-HQ-Li and CPA2-HQ-Li in solution were
blue shifted compared to those of their multilayer
thin films.

The properties of copolymers and its films

The origin of 229 nm peak in CPA1 and CPA2 is dis-
appeared in CPA-HQ compounds (see Figs. 4 and
5). The final products CPA-HQ-Li have a very strong
peak at 218 nm (see Fig. 6). The 214/210 nm peaks
of CPA1-HQ-Li/CPA2-HQ-Li in multilayer films
become the strongest (see Figs. 8 and 9).

Figure 7 shows that CPA1-HQ-Li in THF has two
shoulder peaks at 459 and 481 nm, which is due to
the plus of the PL emission spectra of CPA1-HQ-Li
and other polymers root in the V-containing 8-
hydroxyquinoline ligands chelated partly with metal
ion Li1 only. CPA2-HQ-Li in THF has only one peak
at 489 nm can be seen, which is clarified that the dis-
tribution of CPA2-HQ-Li (2.6655) is less than that of
CPA1-HQ-Li (3.9692). The same difference is better

Figure 9 UV–vis absorption spectra of CPA2-HQ-Li/
Nafion 117 multilayer films with increasing number of
layer pairs. The insert shows the relationship between the
maximum absorbance of CPA2-HQ-Li/Nafion 117 multi-
layer films and the number of layer pairs.

Figure 10 Photoluminescence (PL) emission spectra of
tCPA1-HQ-Li/Nafion 117 multilayer films through ESA.
The insert shows the increase of ESA-films made from
CPA1-HQ-Li/Nafion 117 in absorbance at 480 nm as a
function of ESA-films cycles.

Figure 11 Photoluminescence (PL) emission spectra of the
CPA2-HQ-Li/Nafion 117 multilayer films through ESA.
The insert shows the increase of ESA-films made from
CPA2-HQ-Li/Nafion 117 in absorbance at 480 nm as a
function of ESA-films cycles.
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appreciated in the PL spectra of the multilayer films,
with a red shift of the three mentioned peaks com-
pared with the solution ones (Figs. 10 and 11).

The UV–vis, PL, and extent of half-peak (E) of
copolymers and its films were shown in Table III.
The E of CPA1-HQ-Li and CPA2-HQ-Li minish for
the films corresponds to the THF solution. The E of
CPA1-HQ-Li minish bigger than that of CPA2-HQ-Li
in the THF solution.

Surface-relief on monolayer and multilayers films

The AFM image of CPA1, CPA1-HQ/Nafion 117
multilayers, and CPA1-HQ-Li/Nafion 117 multi-

layers were shown in Figure 12. The bright spots are
protuberant particles, and the dark spots are holes.
From the images, we can see that the surface of the
films is rather smooth in Figure 12(a1–a3), and the
particulates distribute uniformly in the surfaces Fig-
ure 12(b1–b3). However, the surface in Figure 12(c1–
c3) is more compact, which was explained by the
fact that the interaction force of chains or segments
are stronger than those of CPA1-HQ after complexed
with metal iron Li1, the pliability of copolymer
chains is destroyed to form a big rigidity plane so
that the polymer chain was puckered by static force.

The surface modulation and regular surface pat-
tern can be gained through control of the film layers.

TABLE III
The Properties of Copolymers and Its Films

Sample

UV–vis/kmax (nm) PL and extent of half-peak (E)

Solution Film

Solution Film

PL Em E (nm) PL Em E (nm)

CPA1 229/265 – – – – –
CPA2 229/265 – – – – –
CPA1-HQ 248/320 – – – – –
CPA2-HQ 248/320 – – – – –
CPA1-HQ-Li 260/367 375 481 134 488 117
CPA2-HQ-Li 253/369 377 489 130 494 –

Figure 12 Comparison of (a) the AFM image of the CPA1 and (b) the AFM image of the CPA1-HQ/Nafion multilayers
and (c) the AFM image of the CPA1-HQ-Li/Nafion multilayers.
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We believe that easy control of the film thickness
and composition through ESA process can be readily
extended to a wide variety of polyelectrolytes for op-
tical applications.

CONCLUSIONS

In conclusion, the organic PL material 8-hydroxyqui-
noline lithium-containing copolymers have been syn-
thesized and purified. The analysis of FTIR spectra
explicated the bonding character of LiQ and the exis-
tence of quinoline rings. Fluorescence data con-
firmed the presence of a fluorescent species formed
between Li1 and 8-hydroxyquinolinol. Furthermore,
the multilayer films were studied through UV–vis,
PL, and AFM.

The solution of CPA-HQ-Li and ESA films have
strong fluorescence and concentration self-quenching.
By adjusting the content of HQ on the side chains of
polymers, we prepared ESA films that emit different
lights. That may become a new method for the prepa-
ration of full-spectrum fluorescent polymers. This
kind of materials might be interesting for practical
applications in OLEDs. The method is suitable for
most 8-hydroxyquinoline metal chelates. An in-depth
study of the copolymerization mechanism and an
investigation into application for the metaloquinolate-
containing copolymers are currently under way.

The authors acknowledge Professor L. H. Yuan and master
Y. F. Tian for their fruitful discussions and useful sugges-
tions.
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