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Study of Catalytic Activity of the New Nanohybrid Material Based on Gold Nanoparticles
and 1,4-bis(Terpyridine-4'-yl)Benzene
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The paper describes the synthesis of composite material consisting of 1,4-bis(terpyridine-4'-yl)benzene
microcrystals and gold nanoparticles with an average size of ~15 nm adsorbed on their surfaces. The nano-
hybrid material is obtained by the deposition of pre-synthesized nanoparticles on the surface of the organic
compound. Mass content of gold in the obtained material is determined by the thermogravimetrical analy-
sis. Catalytic reduction of para-nitrophenol is spectrophotometrically studied.
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1. INTRODUCTION

Owing to unique chemical, optical, and electronic
properties differing from properties of metals both in the
macrostate and at the atomic level, nanostructures based
on gold particles find application in different fields of con-
temporary chemistry; technology; and the science of mate-
rials for creating optical [1-4], nanoelectronic [5-7], and
photonic [8, 9] devices, as well as chemical and biological
sensors [10-12] and catalysts [12, 13]. Composites based
on the nanoparticles of noble metals and conducting or-
ganic carriers have recently attracted increased attention
due to the wide potential for their use in the creation of
storage devices [14]. In this work the creation of a hybrid
nanomaterial on the basis of gold nanoparticles adsorbed
on the surface of 1,4-bis(terpyridine-4'-yl)benzene crystals
is described.

Fig. 1 — Molecular formula of 1,4-bis(terpyridine-4'-yl)benzene

It is known that the interaction of nanoparticles with
polydentate organic nitrogen containing ligands most of-
ten results in rapid aggregation associated with of inter-
action of nitrogen atoms of the organic compound with the
adjacent nanoparticles [15, 16]. However, for the investi-
gated terpyridine derivative, when the aque-
ous/acetonitrile suspension of 1,4-bis(terpyridine-4'-
yl)benzene is added to a solution of gold particles, the ad-
sorption of the latter occurs on the crystal surface of lig-
and with the formation of an extraordinary nanohybrid
material characterized by the TEM data (see Fig. 2). This
phenomenon is described in our work [17].
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Fig.2—-The TEM image of crystals of 1,4-bis(terpyridine-4'-
yl)benzene with adsorbed gold nanoparticles

2. RESULTS AND DISCUSSION
2.1 Synthesis of Nanoparticles

The stabilized gold nanoparticles with the average
particle size 15 nm were prepared according to the
Turkevich method [18] through the reduction of the
HAuCls aqueous solution in the presence of sodium
citrate (see Fig. 3).
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Fig. 3 — The creation of the initial gold nanoparticles

2.2 Obtaining Nanohybrid Material and its
Study Using Thermogravimetry

To synthesize the desired complex, solution of 1,4-
bis(terpyridine-4'-yl)benzene was added to a solution of
gold particles. Obtained suspension was centrifuged and
solid precipitate then was formed. To determine the
amount of gold nanoparticles in the dry material ther-
mogravimetry was used. Mass portion of gold was found
to be 20% (see Fig. 4).
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Fig. 4 — The date of the differential scanning thermogravime-
try for 1,4-bis(terpyridine-4'-yl)benzene/gold nanoparticle
composite. Black line is heat adsorption, green line is loss of
mass

2.3 Catalytic Activities of 1,4-Bis(terpyridine-4'-
yl)benzene/Gold Nanoparticle Composite in
the NaBH4 Reduction of 4-Nitrophenol

Catalytic activity of 1,4-bis(terpyridine-4'-
yl)benzene/gold nanoparticle composite was examined by
choosing a well-known catalysis reaction involving reduc-
tion of 4-nitrophenol (4NP) to 4-aminophenol (4AP) by
NaBHa4. In the absence of catalysts, the mixtures of 4ANP
and NaBH4, show an absorption band at Amax =400 nm,
corresponding to the 4NP ions in alkaline conditions. This
peak remains unaltered with the time, indicating that the
reduction did not take place in the absence of a catalyst
[19]. However, the addition of a small amount of gold-
contained powder of composite to above reaction mixture
caused bleaching of the yellow color of the reaction mix-
ture. Time-dependent adsorption spectra of this reaction
mixture show the disappearance of the peak at 400 nm
that accompanied by a gradual development of a new
peak at 300 nm corresponding to the formation of 4AP. Tt
was found that addition of 0.25 mg of composite to 3 mL of
the mentioned above solution prove reduction of 4NP to be
completed at 1hour. It gave concentration of gold was
equal to 0,016 mg/mL.
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Fig. 5 — UV-vis adsorption spectra of the reduction of 4NP by
NaBH; in the presence of UV-vis adsorption spectra of the reduc-
tion of 4NP by NaBH4 in the presence of 1,4-bis(terpyridine-4'-
yl)benzene/gold nanoparticle composites with concentration of
gold 0,016 mg/mL
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3. EXPERIMENTAL SECTION
3.1 Synthesis of Gold Nanoparticles

Before carrying out the synthesis, all glassware was
carefully washed with the mixture of HNO3 and HCI (1 :
3) and then with distilled and deionized water.

The solution of H[AuCl4] * 3H20 (75 mg) in distilled
water (250 mL) was placed in a round-bottomed flask
with a volume of 350 mL equipped with a reverse refrig-
erator, and the solution was brought to boiling. A 1% solu-
tion of sodium citrate (26.25 mL) was added rapidly, and
boiling lasted for an hour. In the process of boiling, the
solution changed its color from pale yellow to dark cherry.
The solution was cooled with stirring to room tempera-
ture. The solution was stored in a refrigerator at a tem-
perature of ~4 °C; under these conditions, nanoparticles
remain without appreciable aggregation for several
months.

3.2 Synthesis of 1,4-Bis(terpyridine-4'-
yl)benzene/Gold Nanoparticle Composite

We synthesized 1,4-bis(terpyridine-4'-yl)benzene using
the technique from [20]. Then to the solution 50 mL of
gold nanoparticles, obtained as described above, 50 mL of
1,4-bis(terpyridine-4'-yl)benzene solution in 2% aqueous
acetonitrile (0.001 M) was added. Obtained suspention
was centrifuged at 3000 rpm for 10 minutes. Formed
powder was taken by decantation and dried under low
pressure.

3.3 NaBH4 reduction of 4NP Catalyzed by 1,4-
Bis(terpyridine-4'-yl)benzene/Gold Nanoparti-
cle Composite

Aqueous solution of NaBHs (0.1 mL, 3* 10! M) and
aqueous 4NP solution (0.1 mL, 3 * 103 M) was mixed with
2.8 mL of water in the quartz cell (1 cm path length), lead-
ing a color change from light yellow to yellowgreen. Then,
gold catalysts (0.25 mg, 20%) were added to the mixture
and quickly placed in the cell holder of the spectropho-
tometer. The progress of the conversion of 4NP to 4AP
was then monitored via the UV-vis spectroscopy by re-
cording the time-dependent adsorption spectra of the re-
action mixture with a time interval of 2, 5 and 10 min in a
scanning range of 200 — 700 nm at ambient temperature.

3.4 Characterisation

Electronic spectra were recorded on a Hitachi U-2900
instrument. Microphotographs of samples were taken by a
LEO 912 AB OMEGA transmission electron microscope
(Carl Zeiss, Germany) with an operating accelerating
voltage of 100 kV. The samples were prepared by applying
a solution (1 —2 ul) to copper mesh coated with formvar
(d = 3.05 mm), which was then air dried. For thermogra-
vimetry differential scanning calorimeter DSC 204 F1
Phoenix was used.

AKNOWLEDGEMENTS

Authors are grateful to Russian Foundation for Basic
Research (Grant # 12-04-00988-a) for the financial sup-
port.

03CNN17-2



STUDY OF CATALYTIC ACTIVITY OF THE NEW NANOHYBRID ...

REFERENCES

M.C. Daniel, D. Astruc, Chem. Rev. 104, 293 (2004).

F. Seker, P.R.L. Malenfant, M. Larsen, A. Alizadeh,
K. Conway, A.M. Kulkarni, G. Goddard, R. Garaas, Adv.
Mater. 17, 1941 (2005).

K. Ai, Y. Liu, L. Lu, J. Am. Chem. Soc. 131, 9496 (2009).

T. Ung, L.M. Liz-Marzan, P. Mulvaney, J. Phys. Chem. B
105, 3441 (2001).

D. Lee, R.L. Donkers, G. Wang, A.S. Harper,
R.W. Murray, J. Am. Chem. Soc. 126, 6193 (2004).

S. Paul, C. Person, A.Molloy, M.A. Cousins, M. Green,
S. Kolliopoulou, P. Dimitrakis, P. Normand, D. Tsoukalas,
M.C. Petty, Nano Lett. 3, 533 (2003).

M. Caironi, E. Gilj, T. Sakanoue,
H. Sirringhaus, ACS Nano 4, 1451 (2010).
H. Imahori, M. Arimura, T.Hanada, Y. Nishimura,
I. Yamazaki, Y. Sakata, S. Fukuzumi, J. Am. Chem. Soc.
123, 335 (2001).

M. Yamada, A. Kuzume, M. Kurihara, K. Kubo,
H. Nishihara, Chem. Commun. No 23, 2476 (2001).

X. Cheng,

11.
12.

13.
14.

15.
16.

17.

18.

19.

20.

Proc. NAP 1, 03CNN17 (2012)

. M.T. Rojas, A.E. Kaifer, J. Am. Chem. Soc. 117, 5883

(1995).

K.W. Gano, D.C. Myles, Tetrahedron Lett. 41, 4247 (2000).
L. Pasquato, P. Pengo, P. Scrimin, J. Mater. Chem. 14,
3481 (2004).

P.V. Kamat, J. Phys. Chem. B 106, 7729 (2002).

P. Coppo, M. Duati, V.N. Kozhevnikov, J.W. Hofstraat,
L. de Cola, Angew. Chem., Int. Ed. 44, 1806 (2005).

A. Ulman, Chem. Rev. 96, 1533 (1996).

S.H. Toma, J.A. Bonacin, K. Araki, H. E. Toma, Eur. J.
Inorg. Chem. No 21, 3356 (2007).

A.G. Majouga, E.A. Manzheliy, E.K. Beloglazkina,
N.V. Zyk, Nanotechnologies in Russia 7, 149 (2012).

dJ. Turkevich, P.C. Stevenson, J. Hillier, Discuss. Faraday
Soc. 11, 55 (1951).

M.H. Rashid, T.K. Mandal, Adv. Funct. Mater. 18, 2261
(2008).

A. Winter, D.A.M. Egbe, U.S. Schubert, Org. Lett. 9, 2345
(2007).

03CNN17-3



