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The first palladium-containing Liquid Metal Salts chloroaluminate ionic liquidé.In these solutions, palladium
(LMS) are presented and shown to be suitable elec- ispresentas [Pdg]?~ and the deposited palladium metal was
trolytes for the electrodeposition of palladium. The a black, finely divided, poorly adherent powder. Chloroalu-
homoleptic LMS of formula [Pd(Melm) 4][Tf2N]> or minates and chloride-based ionic liquids were used by othe
[PA(EtIm) 4][Tf2N]2 (Melm = N-methylimidazole, Etim authors as wef® but ionic liquids without halides are gain-
= N-ethylimidazole) have higher melting points than the ing interest. Examples are ionic liquids with dicyanamide
heteroleptic [Pd(Melm),(Etlm) »][Tf 2N]», which proved to  and bis(trifluoromethylsulfonyl)imide ([EN] ) anions-13
be the most promising electrolyte. The deposition reaction Also deep-eutectic solvents have been studied as ele&soly
in these LMS was found to be irreversible but smooth  for electrodeposition of palladiufhThe deposition of alloys
and dense palladium layers can be deposited that are of palladium with other metals such as nickel, silver, imdju
crack-free up to a thickness of 10 micron. ruthenium, rhodium and gold have also reported t0§:14
Palladium deposits from ionic liquids are often nodfalen-
Palladium is a ductile, silvery-white platinum-group nieta dritic,® show low adherendeor have a smooth morphology
Nowadays, its main uses are in the electronics industry angnly at very low current densities (0.000.01 A dn2).% In
as catalyst in the automotive industry. The interest in palthis paper we report on the electrodeposition from palladiu
ladium, as an alternative for gold in electrical contacts, i containing Liquid Metal Salts (LMS). A LMS is an ionic lig-
twofold: (1) due to its lower cost and (2) because its prop-uid where a metal ion is incorporated in the structure of one
erties such as wear resistance and ductility are superior tof the ions1>-2% Incorporation of a metal in the cation of the
those of gold. The electrodeposition of palladium from aque ionic liquid is an advantage for electrodeposition of métg
ous solutions is hampered by hydrogen embrittlendeTihis  ers at high current densities. This was shown for LMS contain
is due to the very low overvoltage for hydrogen evolution oning copper and silvet>~1°In this communication, we extend
palladium and because palladium needs to be very stronglihe LMS methodology to palladium. Compounds of formula
complexed in order to keep it in solution. Due to this strong[Pd(Alkim)4][Tf2N], (Fig. 1; Alklm = N-alkylimidazole)
coordination, the deposition potential becomes close enev were synthesized by reaction between palladium(ll) aeetat
lower than the potential where hydrogen is evolved. A thirdN-alkylimidazoles and HBN in acetonitrile. The com-
reason is that palladium has the highest hydrogen absorp-

tion capacity of all platinum-group metals, which leads to / — =
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highly-stressed and largely cracked deposits when thé&-thic & ) 4o /f )
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ness exceeds a few micrdriThe electrodeposition of palla- ., _~ s T i N T TN ~ b~
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dium from non-aqueous solvents such as ionic liquids isther NP A e W I |w | ‘*Q,fu!.\ l%/"—']‘—"\\\;,l\
fore an interesting alternative to aqueous electroplati®ign A ; N ! A
and Hussey reported on the electrochemistry of palladium in '\,,J’ ,\--—” J /
1 Electronic Supplementary Information (ESI) available: Bxpental meth- (a) (b) (c)

ods, synthesis and characterization of the palladium comgmucyclic

voltammogram, quartz crystal microbalance measurements. CCO&2%0- . .

1003261. Extra crystallographic data, CIF file. See DOI1089/b000000x/ ~ Fig. 1 Structures of the cations of (a) [Pd(Meli{If 2N]2, (b)
a KU Leuven, Department of Metallurgy and Materials EngiriegrKasteel-  Cis-[Pd(Melm)(Etim),][Tf2N]> (c)

park Arenberg 44 - bus 2450, B-3001 Heverlee (Belgium) trans[Pd(Melm)(Etim),][Tf 2N]2.
b KU Leuven, Department of Chemistry, Celestijnenlaan 20@&s 2404,
B-3001 Heverlee (Belgium) pound [Pd(Melm)][Tf2N], with N-methylimidazole ligands
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melted at 105°C and the compound witN-ethylimidazole ity and a reasonably low viscosity (see ESI for viscosityaglat
ligands, [Pd(EtImy][Tf2N]2 melted at 76°C. These melt- A cyclic voltammogram of [Pd(Melm)Etim),][Tf2N]2 on
ing points are quite high and previously we have found that gold working electrode (Fig. 3(a), solid line) shows a nu-
heteroleptic compounds have lower melting points tharr thei
homoleptic equivalent$® Therefore, we also synthesized the
heteroleptic compound [Pd(MelagfEtim),][Tf2N]2, with a
melting point of 45°C. All three compounds were thor-
oughly characterised and their crystal structures detexthi
(see ESI). The crystal structures determinations of aéethr
compounds showed the expected square-planar coordina-
tion for the Pd(ll) centre (Fig. 2). Bond distances and
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Fig. 2 View of the crystal structure of [Pd(Mell[Tf2N]»
showing the cation and two anions (disorder of theNJf~ anions
omitted for clarity).
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angles at the Pd(Il) were in good agreement with other

Pd(Il) complexes with four imidazole ligand$.The crystal Fig. 3(a) Cyclic voltammogram on Au (solid line) of
structure determination of [Pd(Mela(Etim)][TfoN]2 was  [pd(Melm)(Etim),][Tf 2N], with QCM analysis (dotted line), (b)
complicated by the fact that the compound has two posSeyclic voltammogram on glassy carbon.

sible isomers: cis[Pd(Melm)(Etim),][Tf2N], and trans

[Pd(Melm)(Etim)][Tf2N]2. In the crystal structure the ethyl cleation loop (the backward scan crosses the forward scar)
group appears as a 50% disorder with the methyl groupngicating that the deposition of palladium on gold from
over all four Alkim ligands indicating that there is no pref- [pg(Melm)(Etim),][Tf2N]» requires a considerable overvolt-
erence ofcis over trans and the two configurations ap- age. On a glassy carbon electrode, the required overpoter.-
pear as a mixture. Thermogravimetric analysis (TGA) oftja| is even larger than on gold (Fig. 3(b)). Furthermore th
[Pd(Melm)(Etim)][Tf2N]2 shows that the compound al- cyrrent density during palladium reduction is low, espicia

ready loses a small amount of mass on heating’@ &1in. " \hen itis compared to the achievable current densities iSLM
between 25 and 100C (see ESI). Above 100C, the rate of  containing other metal®:1” The reaction

loss increases and at 20CQ approximately the mass of one

Alklm ligand is lost. A second ligand lost at around 25D PEt +2e — Pd 1)

and starting from 330C, the remaining ligands are expelled

together with the bistriflimide anions. Mass loss is con®let is irreversible in [Pd(Melm)EtIm)2][Tf2N]2. Not only is the

at 450°C with close to the theoretical value of 10.4% palla- cathodic charge much larger than the anodic charge, the irre
dium remaining. Due to the mass loss between 25 and 10Qersibility is also clear from a Quartz Crystal Microbalanc
°C, [Pd(Melm}(EtIm),][Tf2N]2 is thus less thermally stable analysis (QCM) (Fig. 3(a), dotted line): a negative shiftlia
than LMS based on silver with imidazole ligadds®so the  Af signal, indicating a mass deposited, starts when the po-
electrodeposition experiments were carried out at the lowetentials become more negative than -0.8 V together with an
temperature of 70C, a compromise between thermal stabil- increase in the cathodic current. Thé signal does not fall
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back to zero which means that not all of the deposited masé€SBO-project IWT 80031 “MAPIL"), the Hercules Founda-
can be redissolved. The positive shift&f during the ca- tion for supporting the purchase of the diffractometer jgrb
thodic scan is caused by a potential dependent adsorpti@n orAKUL/09/0035) and loLiTec (Heilbronn, Germany) are also
change in damping of the QCM cryst&2° A further analy-  acknowledged. We thank Linda Stappers for her help with the
sis of the QCM data is given in ESI. The small anodic currentQCM measurements.

in the backward scan is strongly dependent on the scan rate

v and reaches almost zero for low scan rates (see ESI). ThReferences
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