
   
 

© The Author(s) 2013. This article is published with open access at Springerlink.com csb.scichina.com   www.springer.com/scp 

                      
*Corresponding author (email: ygma@scut.edu.cn) 

Article 

SPECIAL ISSUE: Molecular Materials and Devices August 2013  Vol.58  No.22: 27412746 

Progress of Projects Supported by NSFC doi: 10.1007/s11434-013-5869-0 

Uniform composition film of hydrophilic colloidal gold nanoparticles 
and hydrophobic carbazole functionalized fluorene trimers for  
enhanced fluorescence and stability 

LIU LinLin1, XIE ZengQi1 & MA YuGuang1,2* 

1 State Key Laboratory of Luminescent Materials and Devices, Institute of Polymer Optoelectronic Materials and Devices, South China University 
of Technology, Guangzhou 510640, China;  

2 State Key Laboratory of Supramolecular Structure and Materials, Jilin University, Changchun 130012, China 

Received January 4, 2013; accepted February 21, 2013; published online June 13, 2013 

 

Compositing gold nanoparticles into conjugated molecules have been developed to be one of the most important approaches to 
increase stability, since degradation of conjugated materials is now one of the biggest bottle-necks to be conquered before indus-
trialization application. Big-size colloidal gold nanoparticles with strong surface plasma resonance are designed to composite with 
conjugated molecules, in order to realize effective fluorescence enhancement and stabilization. The uniform composition film of 
hydrophilic colloidal gold nanoparticles (particle diameter of 30 nm) and hydrophobic carbazole functionalized fluorene trimers 
has been obtained by direct mixing of their aqueous and THF solutions, which is determined by AFM. By the comparison of 
composition based on fluorene trimers with similar structures, we have found that peripheral carbazole group and molecular size 
of fluorene trimers play an important role in the balance of incompatible solubility, which is regarded as increasing solubility of 
fluorene trimers in mixed solvent, connecting AuNP and peripheral carbazole groups, and restraining aggregate of gold nanoparticle. 
This allows facile hydrophilic gold nanoparticle to disperse uniformly in hydrophobic -conjugated host. Our investigations show that 
fluorescence intensity of composition film is enhanced by 4 folds, and heat treatment (200°C for 4 h) for the composition film does 
not induce the degradation of conjugated backbone without the appearance of low-energy emission band, demonstrating the promi-
nent potency of gold nanoparticles in enhanced fluorescence and stability of conjugated molecules and polymers. 
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-Conjugated molecules and polymers have been exten-
sively studied over the past few decades for the potential 
application in optoelectronic devices [1]. Until now, one of 
the biggest bottle-necks for its industrialization is the stabil-
ity as long-term utilization. Taking one of the typical con-
jugated polymer polydialkyfluorene (PDAF) as an example, 
high quantum efficiency of blue fluorescence  make PDAF 
promising candidates for electroluminescent devices, how-
ever, it meets stability problems for application, that blue 
emitting turns to green during operation for appearing of a 
green band at ~520 nm [2,3]. Enhancement of luminescence 

stability and quantum efficiency have been observed in 
PDAF when composites with gold nanoparticles, which is 
explained as triplet exciton quenching, metal enhanced flu-
orescence and energy transfer in presence of gold nanopar-
ticles [4,5]. 

As a rule in nano-science, the size and size distribution of 
nanoparticles are of key importance in most of their appli-
cations. In gold nanoparticle, the intensity and energy level 
of the electromagnetic field near the particle surface, which 
called local surface plasma resonance, is determined by 
shape, size, dielectric environment of nanoparticles [6,7]. In 
gold nanospheres, it can be characterized by a strong broad 
absorption band near 520 nm that is absent in the bulk   
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spectra. The increasing of nanoparticle size experimentally 
enhances the intensity of plasma resonance, shifts the posi-
tion of plasma resonance [8], and influencing their interac-
tion with surrounding molecules. Qiao et al. [9] has reported 
that gold nanoparticle with 5 nm diameter show little en-
hancement in device performance, but the one with 15 nm 
diameter give nearly 20% improvement, which is from size 
dependence.  

Depending on the compatibility sought, scientists usually 
choose hydrophobic gold nanoparticles with small radius 
(1–10 nm) to composite with -conjugated molecules. Now 
for optoelectronic application, the fluorescence enhance-
ment is mainly less than 50% with partly restrained degra-
dation [4,5]. But to our knowledge, the best experimental 
enhancement is more than 1000 folds [10] from gold nano- 
bowtie in single molecule fluorescence and it is generally 
reported to obtain several folds enhancement of monolayer 
in surface enhanced fluorescence based on gold nanoparti-
cles modified substrate [11,12]. So where does this differ-
ence come from and how to promote the performance of 
conjugated molecule/nanoparticle composites? We believe 
the surface plasma resonance of gold nanoparticle and its 
interaction with energy level of conjugated molecule play 
an important role, which strongly depend on particle size. 
Thus the basic idea in this paper is introducing hydrophilic 
colloidal gold nanoparticle with bigger size and more effec-
tive surface plasma resonance to composite with organic 
conjugated molecules in order to reach effective fluores-
cence and stability enhancement. 

For the incompatible solubility, hydrophilic nanoparticle 
is normally utilized after depositing on substrate [13,14], or 
via surfactant-assistant phase-transfer in material science 
[15,16]. Traditional phase-transfer methods introduce the 
third intermediate molecules onto gold nanoparticle surface 
in order to change the solubility, however it lowers the sys-
tem purity and its role in optoelectronic performance is dif-
ficult to evaluate [17]. Some direct phase transfer and com-
positing works are also reported in order to keep nanoparti-
cle surface active, and build composite structure exactly, e.g. 
gold nanorod has been transferred to acetonitrile/H2O mix-
ture to build nanorod chain [18,19]. Thus we considered to 
use direct compositing method, which can lower the impu-
rity introducing as little as possible and some specific inter-
action or bonding between nanoparticle and conjugated ma-
trix could assist nanoparticle distribute uniformly in conju-
gated matrix. 

Many groups have reported that the connection onto the 
surfaces of gold nanoparticle to form uniform composites 
by chemisorption between gold and some sulfur or nitrogen 
containing ligands such as thiol, amine and so on. However, 
the chemisorption is not quite effective which remains re-
sidual function groups in composites and the role of these 
function groups in optoelectronics is unknown. On another 
hand, many heterocyclic molecules are widely applied in 
materials science and some of them have the same element. 

Can these heterocyclic function groups hold hydrophilic 
gold nanoparticle in organic solvents by similar interaction 
as thiol and amine? Thus we have tried some different mol-
ecules with heterocyclic function groups. In this paper we 
display the results in a series of carbazole functionalized 
fluorene trimers, one of which show uniform morphology 
after composited with hydrophilic colloidal gold nanoparti-
cles. We discuss the origin of uniform dispersion and ex-
plore the role of colloidal gold nanoparticles in the effi-
ciency and stability of fluorene derivatives. 

1  Experimental  

1.1  Materials 

The aqueous colloidal gold nanoparticle is synthesized by 
the classical Frens method [20]. A volume of 95 mL of a 
chlorauric acid (HAuCl4) solution containing 5 mg of Au 
are refluxed and 5 mL of 1% sodium citrate solution is 
added to the boiling solution. The reduction of the gold ions 
by the citrate ions is complete after 5 min while the solution 
is further boiled for 30 min and is then left to cool to room 
temperature. This method yields spherical particles with an 
average diameter of about 30 nm as determined by dynamic 
light scattering (Figure 1(a)), and a strong extinction band at  

 

 

Figure 1  Size distribution histogram (a) and absorption spectrum (b) of 
AuNP. 
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524 nm arises from typical surface plasma of gold nanopar-
ticles as shown in Figure 1(b). Three different fluorene tri-
mers with different substituents are chosen to composite 
with AuNP, as shown in Figure 2. The synthesis and char-
acterization of TFs have been reported in reference [21,22]. 

1.2  Instrumentation and methods 

Atom force microscope (AFM) images were recorded under 
ambient conditions using a Digital Instrument Multimode 
Nanoscope IIIa operating in the tapping mode. Si cantilever 
tips (TESP) with a resonance frequency of approximately 
300 kHz and a spring constant of about 40 N/m were used. 
The scan rate varied from 0.5 to 1.5 Hz. Fluorescence spec-
tra was obtained on a Shimadzu RF-5301PC spectropho-
tometer. TFs are firstly dissolved in THF, and AuNP in  
water is dropped to form composite solution (TF=0.1 
mg/mL, THF:H2O=9:1 by volume, TF:AuNP=9:1 by 

weight and ~105:1 by molar). Then the composite solution 
is spin- coated and drop-cast onto the substrate for AFM 
and spectroscopy measurement.  

2  Results and discussion 

2.1  Morphological behavior of composition films based 
on fluorene trimers with different substituents 

The compatibility sought is one of the key points in compo-
sition building, because the phase separation and nanoparti-
cle aggregation are the biggest problems in conjugated 
molecule/nanoparticle composition. In direct composition, 
we have tried conjugated molecules with different structures 
in order to obtain a uniform structure as shown in Figure 2. 
They all have a spirobifluorene core, and different substitu-
ents at 9-position of other two fluorenes. The one with al-
kyls is given as an inert reference (TF1). Carbazole is con-
nected at the end of alkyl, and two different lengths of alkyl 
are given as comparison, that TF2 with butylenes and TF3 
with hexylenes. We have observed different phenomena 
when AuNP is composited into fluorene trimers with dif-
ferent subtituents. THF solution of TF1 becomes emulsion 
immediately after aqueous AuNP dropping, while that of 
TF2 and TF3 are transparent solutions. Emulsion is nor-
mally indicated big aggregates with size larger than the light 
wavelength, while transparent solutions means solute is well 
dispersed and solvated as single molecules or small aggre-
gate with size less than the light wavelength.  

 

 

Figure 2  The chemical structures of fluorene trimers. 

We spin-coat the transparent composites solution onto 
mica substrates and the film morphologies of two compo-
sites TF2/AuNP and TF3/AuNP are detected by AFM. Fig-
ure 3(a) and (b) shows the AFM height images of (a) 
TF2/AuNP composite and (b) TF3/AuNP composite spin- 
coated on mica substrates. The smooth background was 
ultra-thin film spin-coated from 0.1 mg/mL TF solution; 
AuNP with 30 nm size and larger size aggregate is much 
higher than the background and have been observed in 
AFM. AFM investigations show big aggregate with size of 
hundreds nanometer in TF2/AuNP film although its solution 

 

 

Figure 3  (Color online) AFM height images of (a) TF2/AuNP composite 
and (b) TF3/AuNP composite spin-coated on mica substrates. (c) Proposed 
architecture of TF/AuNP nanocomposites. 
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is transparent; while TF3/Au composite shows particles in 
tens nanometer scale dispersed uniformly in conjugated host, 
which is well corresponding to single AuNP size. 

Firstly, the key structural difference between TF1 and 
TF2 (TF3) is the carbazole at the end of alkyl, thus carba-
zole would play an important role in the balance of incom-
patible solubility. The reference tests show that TF1 and 
AuNP have bad solubility in THF/H2O mixture, while that 
of TF2 (TF3) is good. Thus the presence of carbazole in-
duces good solubility of fluorene trimers in THF/H2O mix-
ture, and somehow interacts with AuNP to hold it in its bad 
solvent. It is of importance to determine the nature of inter-
action between carbazole and Au NP surface. By the com-
parison of different TFs, we have testified that there is in-
teraction between carbazole and Au NP surface. There 
would be two possibilities of this interaction to our 
knowledge: interaction between carbazole and gold metal; 
interaction between carbazole and citrate on Au NP surface. 
We have tried to search it by Fourier Transform infrared 
spectroscopy(FTIR) spectroscopy, and found no signal in 
mid-IR range, which indicate it is not from interaction be-
tween carbazole and citrate. By the limitation of our ex-
perimental condition, we cannot measure the interaction 
between carbazole and gold metal directly, which would be 
in far-IR range. Thus we suggest the interaction between 
carbazole and gold metal, which would be similar to amine 
as a linker connected with Au. Figure 3(c) shows the pro-
posed architecture of TF/AuNP nanocomposites. In order to 
hold AuNP in THF/H2O mixture, some of citrate on AuNP 
surface is replaced by TF. Nitrogen in carbazole is proposed 
to connect with Au, which would be similar as that of amine. 
For the conjugation effect and space effect from two adja-
cent phenylenes, the interaction between carbazole and 
AuNP would be much weaker than that with alkylamine; 
but as we see, it is strong enough to hold 10% AuNP in 
THF/H2O mixture. Especially, carbazole is function group 
for emission and charge injection/transport [23], but not 
emission quencher as alkylamine.  

Secondly, the only difference between two composites 
TF2/AuNP and TF3/AuNP is the alkyl structure of fluorene 
trimer, thus the alkyl length is on duty of the morphological 
difference, which would be another key point besides car-
bazole in compositing. Colloidal nanoparticle normally 
shows large surface energy and tends to aggregate even in 
its good solvent, unless something big enough on its surface 
to restrict aggregation. The adsorption of TF would induce a 
TF monolayer on AuNP surface (Figure 3(c)), and the 
thickness of this monolayer plays a key role in the aggregate 
restraining, which would be the reason that longer alkyl 
length (TF3) shows better morphology without big aggregate. 

2.2  Efficiency and stability in composition film of  
fluorene derivative and AuNP 

The role of colloidal gold nanoparticles in the efficiency 

and stability of fluorene derivative are explored by spec-
troscopy. Theoretically, AuNP tends to enhance absorption 
and emission efficiency at the same time [24], but in ex-
periment, the absorption is easy to be disturbed by the ex-
tinction of gold nanoparticle and difficult to detect. Thus we 
just compared photoluminescence here, which would be the 
total affection from both enhanced absorption and emission 
efficiency. The photoluminescence spectra in solution show 
typical characteristics of fluorene trimers as shown in Fig-
ure 4, no intensity and shape change before and after AuNP 
doping. It is no surprise to see this similarity for AuNP can 
only affect the connected TF molecules in solution. 

Figure 5 displays the original and normalized (inset) PL 
spectra of TF2, TF3 and their composites with AuNP in cast 
film. In normalized spectra, the spectral shapes are super-
posed well before and after AuNP doping and the main PL 
peaks for the nanocomposites were located at the same 
wavelength as that of pure TFs, which indicated that AuNP 
play little role of the conformation and packing mode of 
conjugated matrix. It is because the size of AuNP (~30 nm) 
is much larger than that of fluorene trimer (~2 nm), and 
matrix diluting affection would be weak. The packing mode 

 

 

Figure 4  (Color online) PL spectra of TF2, TF2/AuNP, TF3, and 
TF3/AuNP in dilute THF/H2O solution. 

 

Figure 5  (Color online) Original and normalized (inset) PL spectra of 
TF2, TF3 and their composites with AuNP in cast films. 
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and spectral shape is a little different between TF2 and TF3, 
which would come from different length of sidechains, alt-
hough their spectra in solution are the same (Figure 4).  

In original spectra (Figure 5), absolute PL intensity is 
compared before and after AuNP doping. With the same 
experimental condition, the PL intensity in pristine TF2, 
TF3 film is similar, while it increases 2–4 times after AuNP 
doping. It is a remarkable enhancement in thin film of or-
ganic nanocomposites, for the best enhancement by organic 
soluble gold nanoparticle is only reported near 50%, which 
is still regarded as partly from matrix diluting and aggrega-
tion controlling [5]. This effective enhancement by colloidal 
gold nanoparticle presumably results from the good size, 
narrow size distribution and surface properties with effec-
tive surface plasma resonance (Figure 1). It has reported 
that colloidal-gold-nanoparticle based rough substrate show 
effective surface enhanced fluorescence for single mole-
cules and monolayer [11]. In thin film, the whole integral 
fluorescence intensity is a statistic value from all the emit-
ting molecules with different distance and dipole orientation, 
thus it is more significant for material science than that in 
single molecule or monolayer, and has potential applica-
tions of functionalized solid thin film. The different fluo-
rescence enhancement for the cases of TF2 and TF3 indi-
cates the important role of the length of sidechains. The 
length of the alkyl chains firstly determine the distance be-
tween AuNP and the first connecting layer of TFs (Figure 
3(c)) that is a key point for surface plasma resonance, and 
secondly result in different film morphology that is TF2 
with shorter alkyl chains tends to form big aggregates with 
fluorescence quench. 

The role of AuNP in stability of TFs is evaluated by 
thermal annealing experiments. Enhanced efficiency and 
stability are two typical phenomena in surface plasma effect. 
In the case of TFs, the thermal annealing evidence would be 
more powerful, because the degradation induces new emis-
sion band at 510 nm [25]. Figure 6 shows the emission 
spectra of TFs and the corresponding AuNP composites 
before and after annealing in air at 200°C for 4 h. The ther-
mal degradation of TFs without AuNP is a typical phenom-
enon of fluorene based degradation. Blue bulk emission 
decreases and blue shifted, and low-energy emission bands 
at about 510 nm are emerging, which is explained as fluo-
rene unit oxidized to emissive fluorenone. When AuNP 
added, the low energy emission cannot be clearly observed 
in given degradation period. We defined the intensity ratio 
(r) in order to compare the degradation degree in different 
samples: 

 4 h 4 h 4 h
green blue/r I I , (1) 

where r4 h is the relative intensity of low energy emission at 
200°C for 4 h normalized by the corresponding bulk blue 
emission. As shown in Table 1, the relative intensity of low 
energy emission r4 h are more than 2 in pristine film of TFs, 
while that with AuNP are less than 0.15, which indicate the  

 

Figure 6  Normalized spectra of (a) TF2, (b) TF3, (c) TF2/AuNP and (d) 
TF3/AuNP in cast film before (solid state) and after (dash line) annealing 
in air at 200°C for 4 h. 

Table 1  The relative intensity of low energy emission  

 TF2 TF3 TF2/AuNP TF3/AuNP 

r4 h 2.35 2.04 0.15 0.11 

R 23.5 12 2.1 0.7 

 
 

presence of 10% AuNP increase TF stability more than 13 
times. In order to compare the degraded spectrum with the 
corresponding pristine one, we defined another intensity 
ratio (R): 

 
4 h 4 h4 h
green blue

0 h 0 h 0 h
green blue

/

/

I Ir
R

r I I
  ,   (2) 

Where R is r4 h normalized by a similar parameter in corre-
sponding pristine film. Thus R allow us to estimate the an-
ti-oxidation ability of AuNP, especially when the oxidation 
process is restrained totally, R would near to ~1. As shown 
in Table 1, R is only 2 in TF2/AuNP, and 0.7 in TF3/AuNP, 
although more than 10 in TFs pristine films, which indicate 
an effective anti-oxidation and well stabilization by AuNP. 
In TF3/AuNP, R is near to 1 that the intensity of low energy 
emission are similar before and after degradation (a little 
less than 1 for the morphology change at high temperature), 
which means little degradation of TF3 in presence of AuNP 
in a serious condition of 200°C for 4 h. 

3  Conclusions 

In summary, we have uniformly composited hydrophilic 
gold nanoparticles with big size and strong surface plasma 
resonance into hydrophobic fluorene trimers. The presence 
of AuNP shows effective enhancement in the PL intensity 
and stability, which testify again the basic principle in nano 
science that the properties strongly depends on the quality 
of nanoparticle. By the comparison of composition based on 
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a series of fluorene trimers with various structures, periph-
eral carbazole group and molecular size play important role 
in the balance of incompatible solubility, which is regarded 
as increasing solubility of fluorene trimers in mixed solvent, 
weak interaction between AuNP and peripheral carbazole 
groups and restraining aggregate of gold nanoparticle. More 
methods to introduce high-quality nanoparticle into conju-
gated materials uniformly is under searching. 
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