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Preparation, characterization and catalytic activity of gold nanoparticles stabilized by poly
(n-vinylpyrrolidone) and poly (N,N-dimethyl-N,N-diallylammonium chloride)

Abstract. Optical properties, structure and morphology of colloidal gold nanoparticles (AuNPs) stabi-
lized by poly (N-vinylpyrrolidone) (PVP) and poly(N,N-dimethyl-N,N-diallylammonium chloride) (PD-
MDAAC) were characterized by visible spectroscopy, X-ray diffraction (XRD) and scanning electron mi-
croscopy (SEM). The influence of the molecular weight (M) of PVP on the size of AuNPs was studied. The
catalytic activity of polymer-protected AuNPs with respect to hydrogenation of p-nitrophenol was studied.
High conversion degree of 4-nitrophenol to 4-aminophenol was found.
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Introduction

The AuNPs attract considerable attention of re-
searchers because of their unique optical, electrical,
catalytic and other properties. A lot of polymers pos-
sessing nonionic, anionic, cationic and amphoteric na-
ture are widely used as AuNPs protecting agents [1].
Various functionalized polymers as stabilizers to de-
sign “metal core — organic shell” hybrid nanoparticles
architectures were reviewed in [2]. Several water-sol-
uble polymers and random copolymers have been in-
vestigated for their ability to stabilize such AuNPs [3].

Catalysis is a central concept in chemistry, play-
ing for instance, a key role in biological and indus-
trial processes. Platinum, palladium, iridium, cop-
per, silver and other noble metals are highly active,
promoting many different types of organic reactions
including hydrogenation, oxidation, and C — C bond
formation, etc. In contrast to the high catalytic activ-
ity of Pt (Z=78) or Ir (Z=77), Au (Z=79) can also
exhibit a high catalytic activity [4].

The present communication considers the re-
sults on synthesis, characterization and catalytic be-
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havior of gold nanoparticles stabilized by PVP and
PDMDAAC.

Experimental Part

Materials. Potassium chloraurate 99%, PD-
MDAAC 20 % aqueous solution, PVP with vari-
ous M, p-nitrophenol were commercial analytical
grade, ordered from Aldrich and used without fur-
ther purification.

Methods. To characterize the physico-chemical
and catalytic properties of polymer-protected gold
nanoparticles and to identify products of hydroge-
nation of organic substrates UV-Vis spectroscopy,
X-ray diffraction (XRD), Transmission electron mi-
croscope (TEM) measurements, Nuclear magnetic
resonance (NMR), Gas chromatography-mass spec-
trometry (GC-MS), Gas chromatography, Dynamic
light scattering(DLS) were used.

Results and Discussion

Preparation of polymer-protected AuNPs. The
AuNPs stabilized by PVP and PDMDAAC were
prepared by so-called “one-pot” method. For this
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V=5 mL, C=0.4% aqueous solution of PVP (or PD-
MDAAC) was mixed with 5 mL, 4% of potassium
chloraurate and 4 mL 0.5M potassium hydroxide.
After thoroughly mixing and heating of this mixture
at 100 °C during several minutes the color of solu-
tion changed into dark-red (Fig.1). In this process
hydrophilic polymers act as reducing and stabilizing
agents simultaneously.

Figure 1 — AuNPs stabilized by PVP and PDMDAAC

Figures 2, 3 show the UV-Vis spectra of AuNPs
protected by PVP and PDMDAAC. It is seen that
the maximal absorbance is observed at 530 nm and
540 nm for PVP-AuNPs and PDMDAAC-AuNPs
respectively.
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Figure 2 -UV-Vis spectra of AuNPs stabilized by PVP
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Figure 3 — UV-Vis spectra of AuNPs stabilized
by PDMDAAC

Table 1 shows the dependence of diameter of
AuNPs on molecular weight (M) of used poly-
mers. Size of AuNPs in dependence of the molecu-
lar weight of polymers is changed in the following
order: PVP(3500)-AuNPs > PVP(10 000)-AuNPs
> PVP(30 000)-AuNPs > PDMDAAC (200 000-
350 000)-AuNPs.

Table 1 — Results of DLS-measurement.

M, of polymers Size of AuNPs, nm
PDMDAAC 200 000-350 000 3.0
PVP 30 000 3.3-44
PVP 10 000 50.3-70.1
PVP 3 500 28-100

These results are in good agreement with TEM
data (Fig. 4). The diameters of polymer-AuNPs are
in the range of 10-40 nm.

Becruuk KazHY. Cepust pusnueckas. Ne3 (42). 2012



E.K.Baigaziyeva et all 65

Figure 4 — TEM pictures of AuNPs protected by PVP 10 000 (a) and PDMDAAC (b)

Hydrogenation of 4-nitrophenol by AuNPs. The
catalytic reduction of 4-nitrophenol (4-NP) was
studied in the standard quartz cuvette with 1 cm
path length. By a series of experiments the optimal
parameters of reaction were chosen: the ratio of V_
nitrophcnol:VNaBH4 - 1:1’ Vpolymcr—AuNPs: 0.1 mL’ 3 mL’ C4-
sifcophenol is 4 mmol/L and 3 mL, 0.5M NaBH, were
mixed in a cuvette, then 0.1 mL of catalyst added,
after the hydrogenation of 4-nitrophenol begun. The
NaBH, at room temperature reacts with water, which
leads to losing the activity of sodium borohydride in

hydrogenation processes. Therefore hydrogenation
reaction was carried out with fresh prepared ice-cold
water solution of the NaBH,. By methods of visible
UV-spectroscopy, '"H-NMR, GC analysis the kinet-
ics and conversion of the reaction were evaluated.
Figure 5 shows the catalytic hydrogenation of
4-NP by PDMDAAC-stabilized AuNPs. It clearly
seen that with increasing of 4-aminophenol (4-AP)
content, the absorption peak at 310 nm becomes
more intensive, while the absorption peak of 4-ni-
trophenol at 420 nm disappears with time.
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Figure 5 — Kinetcis of hydrogenation of 4-nitrophenol by PDMDAAC-AuNPs
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Table 2 — Hydrogenation of 4-NP

Substrate Catalyst Reducing agent Time, min Conversion, %
4-NP PVP-AuNPs NaBH, 15-20 97
4-NP PDMDAAC-AuNPs NaBH, 15-20 99

As seen from Table 2, polymer-AuNPs is effec-
tive catalysts that convert 4-nitrophenol to 4-amino-
phenol during 15-20 min with high yield. Accumu-
lation of aminophenol in the course of hydrogena-
tion of 4-AP is confirmed by 'H NMR data (Figs. 6).
In "H NMR spectra of 4-nitrophenol the following
groups were identified: 6 = 11.04 (s, OH-), 8.09-8.13
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(m, o-phenyl), 6.90-6.95 (m, m-phenyl-) while 'H
NMR spectra of 4-aminophenol exhibited the fol-
lowing functional groups: 6 = 8.35 (s, 2H, NH,),
6.40-6.51 (m, 4H, phenyl-), 4.39 (1H, OH-). Ap-
pearance of intensive peak at 6 = 8.35 that is char-
acteristic for NH, groups confirms the formation of
4-AP in the course of hydrogenation of 4-NP.
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Figure 6 — "H NMR spectra of 4-nitrophenol (DMSO-d6, T =298 K, 1H: 200.130 MHz)

Conclusion

Properties of gold nanoparticles obtained by
“one-pot” method were analyzed by UV-Vis-
spectroscopy, NMR, TEM, GC, DLS methods. It
was found that increasing of the molecular weight
of PVP leads to decreasing of the size of AuNPs.
Catalytic properties of AuNPs were investigated in
hydrogenation of 4-nitrophenol. It was shown that
AuNPs during 15-20 min converts 4-NP to 4-AP up
to 97-99%.
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O.K. Baiirazuesa, K. Illyerte, I.C. Tarbixanosa, K. Mannax, C.E. KynaiibepreHos
TMoMBUHUJIHMPPOTHIOH JKIHE MOJTHANMETHIHAJUTHIIAMOHMI XJIOPH/ MoJTUMepJiepiMeH TYPAKTAHIbIPbLIFAH

AJITBIH HAHO0OJIIIeKTePiHiH CHHTEe31, KacHeTTepi MeH KaTAJUTHKAJBIK OeaceHairi

Makanaga nomu(N-Bunmmupponuaon)kane  nomn(N,N-gumernn-N,N-1najuimiaMMOHHi  XJIOPHI) — apKbUIBI  TYpaKTaH-
IBIPBUTFAH aNTHIH HAHOOOIIIEKTEepiHIH CHHTE31, 3epTTeNyi JKOHE KaTaTUTHUKANBIK OCJCeHIUNIrT KapacTelppUiraH. llommmeprnep-
MEH TypaKTaH/IBIPBLIFAH aITBIH HaHoOeumekTepiHiH (moiumep-AHB) cy eprinamicingeri xacuerrepi YK-kepiHic cnekTpockomnws,
JMHAMUKAIBIK J1a3epii coyne tapay, IMP crieKTpocKomusIChl, all KaTThl TYPAE PeTTeHAN(PPAKTOMETD JKOHE MIAFBLTY 3JIEKTPOH/IBI MU-
Kpockomnust oxictepimen 3eprrenret. [Tomnmep-AHB katbicybiMen 4-HUTPOGEHON B THAPICY OHIMACPI XPOMATOMACC CIIEKTPOCKOITHSI-
CBI, Ta3 XxpoMarorpaduscsl xxoHe SIMP crieKTpoCKONMsICHIMEH aHBIKTaIIFaH.

Tyiiin co30ep: KONIOUATHI ANTHIH HAHOOOIIIEKTEP, ONTUKAJIBIK KACHETTEP, KYPBUIBIM, MOP(HOIOTHS.

O.K. Baiirasuesa, K. Illyerre, I.C. TarbixanoBa, K. Manuaxk, C.E. Kynaiitbeprenos
CunTe3, CBOMCTBA U KATAJIMTHYECKAS] AKTUBHOCTH HAHOYACTHIL 30J10TA,

CTaﬁl/lJ'll/Bl/lpOBaHHle MOJUBUHUWIMTUPPOJIUIOHOM U MOJTUAUMETUIAHAIIINIAMOHUSA XJTOPUAOM

B crarbe onuceIBaeTCs CHHTE3, HCCIISOBAaHNE U KaTAIUTHIECKAsl AaKTHBHOCTh HAHOYACTHII 30JI0Ta, CTAOMIN3HPOBAHHBIX momu(N-
BuHWINUppoauaoHoM) U nonu(N,N-gumetnn-N,N-quaanuiaMMoHuil xstopuoM). CBoCTBa MOMMMEP-MPOTEKTUPOBAHHBIX HaHOYa-
ctur 3o50ta (momMep-HY3) B BogHOM pacTBOpe n3ydeHsl MeTogaMu YD-BHIMMO CIIEKTPOCKONNH, AUHAMHYECKOTO JTa3ePHOTO CBETO-
paccesaus, SIMP cnekrpockonuy, a B TBEPAOM COCTOSHHN — METOJAMU PEHTTCHOAM(DPAKTOMETPHH U IPOCBEUUBAIOLICH AIICKTPOHHOM
MHKpockonuu. [IponykTsl rugpupoBanus 4-autpodenona ¢ ydacrtiueMm noiaumep-HU3 naeHTHGHUIMPOBaHBI METOJAMH XpOMAaTOMAace
CHEKTPOCKOMHH, Ta30Boi Xpomarorpaduu u SIMP crieKTpocKoIum.

Kniouesvie cnosa: xonnoniHple HAHOUACTHIIBI 30J10TA, ONITUYECKHE CBOICTBA, CTPYKTYpa, MOP(OIOrus.
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