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New Type of Monodispersed Gold Nanoparticles Capped by Myristate and PPh; Ligands
Prepared by Controlled Thermolysis of [Au(C3H7;COQO)(PPhj3)]
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Controlled thermolysis of gold(I) complex,
[Au(C3H7COO)(PPhs)], at 180°C for 5h under an N, atmo-
sphere affords the new type of monodispersed spherical gold
nanoparticles capped by myristate and a small amount of PPhj
ligands (average diameter 23 £ 1.5nm), in spite of no use of
solvent, reducing agent and stabilizer.

Much attention has been paid to the preparation and struc-
ture determination of transition metal nanoparticles, because of
their widespread use in technological applications.! In general,
the chemical reduction of metal salts and organometallic com-
plexes? by the use of reducing agent is carried out to prepare
gold nanoparticles. In some cases, a large amount of solvent
and stabilizers such as surfactants,® polymers* and ligands®
are used to prevent agglomeration of particles and control the
particle size. For instance, Brust et al. reported a two-phase re-
duction of AuCl;~ by NaBHy in the presence of dodecanethiol
as stabilizer to prepare gold nanoparticles.® On the other hand,
O’Brien et al. recently reported an one-phase preparation of
gold nanoparticles by the reduction of AuCl,~ by NaBHy in
the mixture of tri-n-octylphosphine oxide and octadecylamine
which act as both solvent and stabilizer, but this procedure also
needs reducing agent.”

Recently, we have shown that thermolysis of gold(I) thio-
late complex, [C14H29N(CH3)3][Au(SCi2H»s),], produced gold
nanoparticles (average diameter 26 nm) passivated by alkyl
groups deriving from the counter cation of the precursor com-
plex.® However, the size distribution of the particles was rela-
tively broad, ranging from 5 to 50 nm. In order to prepare the
new type of monodispersed gold nanoparticles by thermolysis
procedure, it may be important how to design the most suitable
precursor gold complexes which decompose at low temperature
and supply the organic protecting groups to prevent the agglom-
eration and afford the ligand stabilized nanoparticles. On the ba-
sis of this idea, we have prepared gold(I) complex,
[Au(Ci3H7COO)(PPh3)], as the precursor and conducted its
controlled thermolysis with no use of solvent, reducing agent
and stabilizer. As a result, we have succeeded to obtain the
new type of monodispersed gold nanoparticles capped by my-
ristate and a small amount of PPhj ligands. The thermolysis
process of gold(I) complex was also investigated in detail to re-
veal the role of ligands.

Thermolysis of gold(I) complex, [Au(C;3H,;COO)(PPh3)]
(1), prepared by the transmetalation of [AuCl(PPhs;)] with
C13H»;CO0Ag,’ was conducted by the heating of the powder
of complex 1 with no use of solvent under an N, atmosphere.!”
The complex 1 completely melted to afford the precursor liquid
and then the liquid gradually decomposed at 180 °C for 5h. The
reactant changed to deep purple coloured oil, and finally af-

forded a mixture of gold nanoparticles and organic liquid.
The gold nanoparticles were isolated as powder which were re-
dispersed in acetone. The colloidal solution did not show any
signs of aggregation over a period of two weeks.!!

Figure 1 shows the transmission electron microscopy
(TEM) image and the size distribution histgram of gold nano-
particles. The sample of TEM was obtained by placing a drop
of the acetone solution of nanoparticles onto a carbon film sup-
ported on a copper mesh grid. The particles are spherical in
shape and have narrow size distribution ranging from 18 to
27 nm, and almost all particles are the same particle size with
a mean diameter of 23 £ 1.5 nm. The powder X-ray diffraction
pattern is shown in Figure 2a. The broad peaks at 26 = 38.1,
44.1, 64.4, 77.9 indicate 111, 200, 220 and 311 planes of fcc
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Figure 1. (a) TEM photograph of gold nanoparticles. (b)
Histogram for the nanoparticle size, obtained from TEM.

111
® E ®)
400 500 600 700 800
Wavelength / nm
200
220 311
20 40 60 80 100
20/ degree

Figure 2. (a) XRD pattern and (b) UV-vis spectrum
in acetone of gold nanoparticles prepared by thermo-
lysis (180°C, 5h).
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gold. The average particle size of the metal nuclei (17 nm) was
calculated from the half-width of the intense 111 reflection by
the use of Scherrer equation. The X-ray photoelectron spectrum
(XPS) showed the Au 4f7/, band (83.5eV) instead of Au 4f7/,
band (85.4eV) in the precursor Au(I) complex 1. It means that
the core gold in the nanoparticles must be present as Au’
state.> The UV-vis spectrum of gold nanoparticles in acetone
(Figure 2b) displays the surface plasmon resonance at 554 nm,
the wavelength of which showed red shift compared to that of
previously reported gold nanoparticles passivated by alkyl
groups in spite of the same particle size and solvent.® The dif-
ference of the organic moieties attached on the gold surface
(vide infra) may contribute to this red shift.! Furthermore,
TG/DTA analysis of gold nanoparticles indicates the nanoparti-
cles contain 88% gold, suggesting the presence of organic moi-
ety around the core gold. Thus, IR, XPS, '"H NMR and GC/MS
were carried out to confirm the organic moiety. The vc—o band
(1733 cm™) of myristate ligand was detected by IR and XPS of
the gold nanoparticles also afforded the O 1s band (532.1eV).
The 'H NMR spectrum of gold nanoparticles displayed reso-
nances associated with methyl group at & 0.83-0.88 and methyl-
ene groups at & 1.21-1.26. In addition, the signals assigned to
PPh; were observed at & 7.4-7.7. With respect to PPh;, XPS
also afforded the P 2p peak (132.1eV) compatible with that
of precursor complex (132.1eV) rather than that of free PPhs
(130.9eV). Furthermore, GC/MS analysis of gaseous compo-
nents evolved by the decomposition of gold nanoparticles at
180 °C for 30 min showed two peaks at m/z 228 and 262 iden-
tified as C3Hy;COOH and PPhs, respectively, and estimated
that the ratio of C13H,;COOH to PPh; was about 80:1. There-
fore, these results prove that myristate and a small amount of
PPhj ligands are coordinated to the surface of core gold.

The thermolysis process of the precursor gold(I) complex 1
producing gold nanoparticles with myristate and PPhs ligands
was examined in detail. After thermolysis of 1, a mixture of
gold nanoparticles and organic liquid was obtained. On the basis
of IR (Ve—o, 1716 cm™; voyy, 3419 cm™!) of the organic liquid,
it was confirmed that the organic liquid contained myristic acid.
Furthermore, the *'P-NMR spectrum of the organic liquid
showed a single signal at & 42.0, which was corresponding
with  that of  bis(triphenylphosphine)gold(I) complex,
[Au(PPh3),]*,'>!* rather than that of precursor complex (&
29.6). It is well known that [Au(RCOO)(PPhs)] is easily con-
verted into the thermally stable bis(phosphine)gold(I) complex
[Au(PPh3),]J[RCOO] in the presence of PPhs.!> These results
suggest that thermolysis of 1 causes elimination of myristate li-
gand to reduce gold(I) to metallic gold(0), accompanying the
protection of gold nanoparticles by myristate ligand. At the
same time, the eliminated PPh; reacted with precursor complex
1 to produce [Au(PPhj3),][C3H7COQO] which was not decom-
posed under this reaction condition. On the other hand, when
the thermolysis was carried out under the atmospheric condi-
tion, the yield of nanoparticles became quantitative which sug-
gests PPh; was trapped as O=PPh; not to produce bis(phos-
phine)gold(I) complex. But the particles size became larger
(70-180 nm) and its shape was not spherical. These results mean
that both myristate and PPh; ligands directly coordinated to the
gold center in the precursor complex act as useful stabilizers;
the former stabilizes the gold nanoparticles and the latter stabi-
lizes gold(0) intermediate to prevent rapid agglutination. Thus,
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monodispersed spherical gold nanoparticles capped by myris-
tate and a small amount of PPhs ligands are formed by con-
trolled thermolysis.

The particle size can be controlled by reaction time and
temperature. The aggregation of gold nuclei was promoted by
longer reaction time and higher temperature.® For example,
thermolysis of the complex 1 at 180 °C afforded the gold nano-
particles with the average diameter 12 nm for 1 h, 19nm for 4h
and 28 nm for 10h. In addition, the average diameter became
42 nm under the condition at 200 °C for 5h.

In conclusion, the new type of monodispersed gold nano-
particles bearing a surface coating of myristate and a small
amount of PPh; ligands have been prepared by the controlled
thermolysis of [Au(C;3H,7COO)(PPhs)]. Further investigations
on the thermolysis of organometallic precursors for the synth-
esis of nanoparticles and bimetallic Au/M nanoparticles are
now in progress by our hands.
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