
 The Open Physical Chemistry Journal, 2007, 1, 1-4 1 

 

 1874-0677/07 2007 Bentham Science Publishers Ltd. 

Highly Dispersed Gold Particles on Polyaniline – A New Nanocatalyst for 
Selective Hydrogenation 

F. Klasovsky
1
, M. Steffan

1
, J. Arras

1
, J. Radnik

2
 and P. Claus

*,1
 

1
Department of Chemistry, Darmstadt University of Technology, Germany 

2
Leibniz Institute of Catalysis, Berlin, Germany 

Abstract: A new nanocatalyst which comprises gold particles (average size = (2.5 ± 1.3) nm) supported on intrinsically 

conductive polyaniline (PANI) was prepared via a sol-method. This Au/PANI catalyst was used for the first time in hy-

drogenation of the , -unsaturated aldehyde citral exhibiting high activity (93% conversion) and selectivity (76%) to-

wards the products of C=O group hydrogenation, geraniol and nerol, whereas the selectivity towards the product of the 

hydrogenation of the conjugated C=C bond (citronellal) is rather low (23%). 

INTRODUCTION 

 Since the development of Ziegler-Natta catalysts, the 
synthesis of conjugated polymers marked a challenge in 
polymer synthesis as these materials were expected to posess 
unique electronic, optical and/or magnetic properties, owing 
to the extended -electron system. Indeed, polyacetylene, 
first synthesized by the group of Shirakawa in a high-
pressure approach [1], exhibits a conductivity of 10

-5
 S/cm 

which upon doping with iodine could be increased tremen-
dously by ten orders of magnitude. Intrinsically conducting 
polymers were since investigated in detail, and in 2000 the 
nobel prize was dedicated to Shirakawa, Heeger and MacDi-
armid for their pioneering works [2]. 

 Among the group of conducting polymers, polyaniline 
(PANI) can be obtained either electrochemically or by 
chemically induced oxidative polymerization [3]. Applying 
this rather simple beaker chemistry results in formation of a 
polymer containing subunits of different nitrogen bonding 
states. Accordingly, leucoemeraldine consists entirely of 
benzenoid subunits (Scheme 1, x = 1) whereas the fully oxi-
dized pernigraniline (x = 0) is built of quinonoid rings; 
among other intermediate structures, the half-oxidized form 
(x = 0.5) is designated as emeraldine base. 

 Because of its high thermal and mechanical stability, 
polyaniline is hitherto utilized for corrosion protection, sen-
sing and electronic devices [4], however, interest is also  
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focused on composites with metal nanoparticles. Au/PANI 
composites with 20 nm sized gold nanoparticles were pro-
duced by Kleinermanns et al. [5] in a surfactant-based po-
lymerization approach. Though interaction between gold and 
PANI seems to be weak, the composite exhibits a twofold 
higher conductivity than the bare polymer. A detailed inves-
tigation on the formation of Au/PANI composites was re-
ported by Hatchett et al. [6] who identified aniline oligomers 
as key intermediates during aniline oxidation with AuCl4

-
. 

Obtainable metal loadings were high, however, the gold par-
ticle size of ~1 m is not suited for catalytic application. 
Much smaller particles (~1.9 nm) were obtained by low-
temperature aniline oxidation with AuCl4

-
 as reported by 

Kaner et al. [7]. XPS and Raman spectroscopy unveiled a 
particle size independent charge transfer from emeraldine to 
gold which could be suppressed after liquid-phase reduction 
of the composite. However, it must be noted that app-
lications of metal/PANI composites in chemical catalysis are 
scarce. While Sobczak et al. [8] and the group of Dre-
linkiewicz [9] reported on PANI based Pt and Pd catalysts 
for the hydrogenation of alkynes and 2-ethylanthraquinone, 
respectively, oxidation reactions were investigated for glu-
cose with supported Au catalysts (based on ion exchanger) 
by Chattopadhyay [10] and for alcohols with PANI suppo-
rted Mo and V complexes by Punniyamurthy [11]. 

 Although the application of nanoparticulate gold as un-
usual hydrogenation catalyst was up to now confined to 
rather classical, i.e. oxidic support materials [12], polyaniline 
supported gold has not been used - to the best of our knowl-
edge - as hydrogenation catalyst. 

 

 

Scheme 1. General structure of polyaniline (PANI). 
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 Therefore, in this work, the first goal was to introduce the 
approach of colloidal metal particles (synthesized via the sol 
method), enabling well-defined preformed gold particles, for 
immobilization onto polyaniline. After characterizing the 
obtained Au/PANI materials by physico-chemical methods 
(ICP-OES, TEM, XPS, XRD) the second goal was to evalu-
ate their catalytic properties in a hydrogenation reaction. For 
that purpose the , -unsaturated aldehyde citral (3,7-
dimethyl-2,6-octadienal) was chosen as substrate which has 
three functionalities (C=O group, conjugated C=C bond, 
isolated C=C bond) enabling to study how the PANI sup-
ported gold affects the intramolecular selectivity. 

EXPERIMENTAL 

 The preparation of the Au/PANI catalysts started with 
synthesis of a preformed gold sol following a procedure ap-
plied for carbon-supported Au catalysts which has been des-
cribed elsewhere [13]. Then, in the present work, the gold 
sol was allowed to immobilize onto the PANI support (Ald-
rich, emeraldine base, Mw = 65.000). Briefly, a solution of 
HAuCl4 (Alfa Aesar) was added to an aqueous mixture of 
tetrakis-(hydroxymethyl)-phosphonium chloride (THPC, 
Merck) and 0.2 M NaOH. The immediately formed deep-red 
gold sol was stirred for one hour and subsequently adsorbed 
on the support (suspended in water beforehand) by stirring 
for another 24 hours. After isolation via filtration and wash-
ing with water, Au/PANI-1 (Table 1) was dried (110°C) 
without further treatment. Au/PANI-2 was synthesized as 
described above but with a different metal loading, whereas 
Au/PANI-3 was additionally heat treated in N2 and H2 at 
350°C for 3 h. 

 The gold content of the materials was analyzed by ICP-
OES using a Perkin Elmer Optima 3000XL used after dis-
solving the materials in a mixture of HF/HNO3 by means of a 
MDS-2000 microwave unit (CEM). The size of gold parti-
cles and their morphology was determined by High-
Resolution Transmission Electron Microscopy, HRTEM 
(JEOL JEM-3010, 300 kV). The catalysts were further char-
acterized by X-ray Photoelectron Spectroscopy (XPS). Data 
were collected by using a VG ESCALAB 220 iXL system 
(VG Scientific) with an monochromated Mg K  excitation 
source (1253.6 eV). The spectra were referenced to the C1s 
peak (binding energy = 284.8 eV). The peak positions could 
be determined with a precision of ± 0.1 eV. 

 Catalytic experiments (liquid phase hydrogenation of 
citral) were carried out in a batch reactor (Parr Co.) with a 

chemically-resistant Teflon-vessel at 160°C and a hydrogen 
pressure of 7.0 MPa with n-hexane as solvent and n-
tetradecane as internal standard. Samples were taken peri-
odically and analyzed with off-line GC (DB-WAX capillary 
column 30 m, 0.25 i.d.). 

RESULTS AND DISCUSSION 

 ICP analyses prove nearly complete metal adsorption for 
all prepared catalysts. HRTEM investigation of the Au/PANI 
catalysts reveals a neat homogeneous distribution of the pre-
formed gold nanoparticles on the support. Particle sizes are 
highly dispersed with a mean diameter of 2-3 nm (for the 
untreated catalysts), and the majority of them turned out to 
be facetted, crystalline multiply twinned particles (MTPs, 
Fig. 1). From both characterization methods applied it can be 
concluded that the immobilization of preformed gold parti-
cles is not only a suitable tool for preparing oxide or carbon 
supported catalysts but also gold particles of hitherto un-
known high dispersion onto polyaniline. 

 XRD analysis reveals peak broadening according to the 
very small gold particle size estimated by HRTEM, however, 
the particle sizes estimated by using the Scherrer equation 
are in good agreement (3 and 12 nm, for Au/PANI-2 and 
Au/PANI-3, respectively) with those from TEM analysis. 

 As could be confirmed by XPS measurements, gold was 
deposited on the PANI support in metallic state (binding 
energy, BE: Au 4d5/2 = 335.0 eV, Au 4f7/2 = 84.7 eV). The 
difference between the latter value and the BE of 84.0 eV for 
bulk gold [14,15] is attributed to the very small particle size 
according to the observed increase of BE with decreasing 
gold particle size [16]. The N 1s core-level spectrum in the 
Au/PANI samples exhibits the presence of a peak at 398.8 
eV which is an intermediate value between 398.0 eV and 
399.5 eV attributed to the -N= group and amine nitrogen (-
NH-), respectively [17]. Pretreatment of Au/PANI in H2 
shifted the N 1s binding energy to 399.5 eV indicating the 
presence of the leucoemeraldine form of PANI (i.e. x = 1 in 
Scheme 1). 

 The dependence of citral conversion on time and the cor-
responding selectivity-conversion plot of Au/PANI-2 are 
shown in Fig. 2 and the catalytic results of all catalysts are 
summarized in Table 1. The developed Au/PANI system, 
used for the first time as hydrogenation catalyst for an , -
unsaturated compound, is highly active (up to 93% conver-
sion, Au/PANI-2). For all catalysts the selectivities to the 
desired unsaturated alcohols geraniol and nerol are high up 

 

Scheme 2. Simplified reaction network of citral hydrogenation. 
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to 76% (Xcitral = 30%). With increasing conversion levels the 
differences in selectivities to the unsaturated alcohols among 
the catalysts fit to a narrow range between 50-65% (Xcitral = 
70%). 

 Catalyst recycling was investigated with Au/PANI-2 (en-
try 2, 3). Visually, no degradation of the gold coated PANI 
material occurred. TEM analysis of the used sample, i.e. 
after hydrogenation, showed that mean particle size and dis-
tribution remained unchanged (dAu= (3.1 ± 1.2) nm). De-
creased selectivities with the recycled catalyst are probably 
due to adsorbed compounds from the first run. 

 It is remarkable that Au/PANI catalysts exhibited high 
activities in citral hydrogenation (Table 1, Fig. 2). Based on 
the conversion-time curves obtained experimentally and the 
mean gold particle diameter, turnover-frequencies (TOF) in 
the range of 0.05-0.1 s

-1
 can be calculated assuming a closed-

shell particle model [18]. While Au catalysts based on clas-
sical supports like carbon are nearly inactive for citral hydro-
genation, only Au dispersed on iron-oxy-hydroxides led to 
catalysts of high activities and selectivities [19]; this effect 
was indirectly ascribed to the promoting effect of iron which 
activates the C=O group and increases the electron density of 
the gold nanoparticles. According to the results of the pre-
sent study, PANI seems to take the role of the charge density 
donor, in line with the works of Kaner [7], and thus provides 
a suitable support for selective citral hydrogenation with 
gold. Electron transfer from PANI to Au allows to increase 
the hydridic character of the chemisorbed hydrogen and,  
 

thus, the rate of the nucleophilic addition of H
-
 on the posi-

tively charged carbon of the C=O group is enhanced. Chemi-
sorption and dissociation of hydrogen is, besides chemi-
sorption of the organic substrate, an essential first elemen-
tary step in heterogeneously catalyzed hydrogenations. It 
should be noted that very small gold particles, at least in the 
size range of the present study, are required and that their 
corner and edge positions dissociate the hydrogen as evi-
denced by a combined study of in-situ X-ray absorption 
spectroscopy (XAS), chemisorption and H/D exchange ex-
periments [20]. 

CONCLUSIONS 

 A new nanocatalyst which comprises gold particles (av-
erage size = (2.5 ± 1.3) nm) supported on intrinsically con-
ductive polyaniline (PANI) was prepared via a sol-method. 
TEM analysis showed that the morphology is characterized 
by facetted, crystalline multiply twinned particles (MTPs). 
The developed Au/PANI system, used for the first time as 
hydrogenation catalyst for an , -unsaturated compound, is 
highly active and affords high selectivities to the desired 
products geraniol and nerol, even though other, partly un-
known, products are formed at higher conversions. Our re-
sults offer a simple route for the synthesis of nanosized gold 
particles onto a conductive polymer (gold dispersion up to 
50%), which can be considered as a new class of gold cata-
lysts exhibiting strong potential of hitherto unknown cata-
lytic performance in hydrogenation reactions. 

 

  

Fig. (1). HRTEM detail (left) and survey micrograph (middle) of Au/PANI-2; (right) particle size distribution. 

Table 1. Results of Citral Hydrogenation with PANI Supported Gold Catalysts (T = 160°C, p(H2) = 70 bar, co(Citral) = 0.56 mol/L, 

Solvent: n-Hexane) 

 

S
30

 [%] 
b
 S

70
 [%] 

b
 

Entry Code wAu [wt.%] dAu  [nm] Xcitral [%] 
a
 

UOL 
c
  AL 

d
 Others

 e
 UOL 

c
 AL 

d
 Others

 e
 

1 Au/PANI-1 4.6 2.9 ± 1.9 83 66 26 8 56 20 24 

2 Au/PANI-2 6.1 2.5 ± 1.3 93 76 23 1 65 15 20 

3 Au/PANI-2Rf 6.1 - 86 57 14 29 51 10 39 

4 Au/PANI-3 5.1 8.4 ± 3.8 70 64 9 27 57 7 36 

aCitral conversion after 260 min. bS30 and S70 = selectivities at 30% and 70% conversion. cUnsaturated alcohols (geraniol and nerol). dSaturated aldehyde (citronellal). eCitronellol and 
non-identified products. fRecycling of catalyst Au/PANI-2. 
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Fig. (2). Dependence of citral conversion on time (left) and selectivity-conversion plot (right) of Au/PANI-2 (see Table 1 for experimental 

conditions). 


