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Palladium nanoparticles can be prepared by reduction of
palladium(II) chloride in the presence of different com-
pounds featuring long perfluorinated carbon chains.

The preparation, structure determination, and possible applica-
tions of transition metal nanoparticles have attracted a great deal
of attention in the past decade.1 Several approaches have been
reported for their preparation, such as chemical and electro-
chemical reduction, thermal decomposition, metal vapour
deposition, photolysis, and sonochemical decomposition.1 The
method most generally used is the chemical or electrochemical
reduction of a metal salt by a suitable reducing agent in the
presence of stabilisers, which absorb to the particle surface thus
preventing agglomeration and controlling the particle size. In
the case of monometallic or bimetallic nanoparticles involving
palladium several stabilising agents have been used: ionic and
non-ionic surfactants, polymers, dendrimers, b-cyclodextrins,
solvents such as ethers and thioethers, and other ligands based
on nitrogen, phosphorus or sulfur. To the best of our knowledge
stabilisation based on the properties of polyfluorinated long
carbon chains has never been reported. Only one related
situation has been described, namely palladium nanoparticles
encapsulated in a dendrimer with a periphery featuring amino
groups which interact with polyfluorinated carboxylic acids, the
total architecture being soluble in perfluorinated phases.2 These
architectures catalyse the hydrogenation of alkenes.

Recently we discovered that 1,5-bis(4,4A-bis(perfluorooctyl)-
1,4-pentadien-3-one, 1a, stabilises palladium nanoparticles of
4–5 nanometers in diameter.3 These nanoparticles are active in
Heck and Suzuki reactions and are recovered and reused
without noticeable decrease of activity.

Now, we want to report that stabilisation by compounds
featuring perfluorinated chains is not exceptional for 1a: other
compounds 1b–e,4 highly loaded with fluorine, possess the
same property (Fig. 1). In all cases a solution of disodium
hexachlorodipalladate, Na2(Pd2Cl6), was reduced in methanol
at 60 °C.8 However, other heavily fluorinated compounds did
not form palladium nanoparticles under similar conditions.
Thus, the same reduction in the presence of 1H,1H,2H-
perfluoro-1-decene, (perfluorooctyl)benzene, 1,3-bis(perfluoro-

octyl)benzene, 1,2-bis(perfluorooctyl)benzene, heptadeca-
fluorononanoic acid, its sodium salt, potassium perfluoro-
octanesulfonate, or 4-perfluorooctylbenzaldehyde, produced
only precipitates of palladium black. We do not know the
reasons for the different behaviour exhibited by otherwise
similar compounds (cf. all bis(perfluorooctyl)benzene isomers).
The preparation of nanoparticles stabilised by 1c took a
different course. Indeed, when 1H,1H-pentadecafluorooctyl-
amine was added to the palladium(II) solution a yellow
precipitate of dichlorobis(1H,1H-pentadecafluorooctylamino)
palladium(II), presumably trans 2, was formed.9 Treatment of
this complex with methanol in the usual way at 60 °C finally
produced the nanoparticles.

Table 1 contains preparative and analytical data for all
nanoparticles prepared. Material stabilised with 1e afforded a
TEM which was difficult to interpret indicating that the material
probably presents a more complex organisation.

The sum of percentages for all elements is in all cases around
100% indicating that compound 1 is the only constituent of the

Table 1 Preparative and analytical data for nanoparticles

1
Molar ratio
PdCl2/1

C + H + F + Pd +
+ (O,N,S) (%)a

Molar ratio
Pd/1
in particles

Yield
(%)

Size/nmb

± Std. dev. Mp/°C

1a 0.53 96.96 1.15 81 4 ± 0.6 140-145
1a 0.54 99.40 0.65 79 c 158–163
1a 4.65 104.14 4.00 99 5 ± 0.7 170
1a 4.65 92.66 6.67 100 4.5 ± 0.9 166–172
1b 1.50 99.29 1.72 93 16 ± 5.3 102–103
1b 0.50 100.35 0.54 96 13 ± 3.0 102–103
1c 0.50 91.44 4.00 79 4 ± 1.5 130–132
1d 1.00 99.05 0.35 12 9 ± 2.8 113–115
1e 2.26 98.01 2.85 43 d 155

a Percentage of Cl was always < 1%; percentages of fluorine and oxygen were calculated from percentage of carbon; percentage of Pd was determined by
inductively coupled plasma (ICP). b Determined by transmission electron microscopy (TEM). c Not determined. d See text.

Fig. 1 Compounds 1 stabilise palladium nanoparticles.
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stabilising layer. On the other hand IR and 1H NMR spectra of
all nanoparticles are identical to those of the corresponding 1.
Chlorine is always below the limits of detection. All nano-
particles were soluble in perfluorooctane, perfluorooctyl bro-
mide, and 1,1,2-trichloro-1,2,2-trifluoroethane.

The two first experiments of the table, both with 1a, show that
in spite of the same PdCl2/1a ratio of starting materials, the Pd/
1a ratios in the final nanoparticles can be significantly different.
The most important difference between these two reactions is
the working scale, three-fold in the first experiment with respect
to the second. Also 2 h elapsed in the first experiment between
addition of 1a and addition of sodium acetate whereas 7 h
elapsed in the second experiment. We feel that the working
scale can determine some characteristics of the obtained
nanoparticles. We have not yet addressed this problem.
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