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Abstract: Ternary transition metal acet-
ylides A,MC, (A =Na, K; M=Pd, Pt)
can be synthesised by reaction of the
respective alkali metal acetylide A,C,
with palladium or platinum in an inert
atmosphere at about 350°C. The crystal
structures are  characterised by
«[M(C,)35] chains, which are separated
by the alkali metals (P3m1, Z=1). The
refinement of neutron powder diffrac-
tion data gave C—C=1263(3) A for

value for a C—C triple bond (1.20 A). On
the basis of band-structure calculations
this can be attributed to a strong back-
bonding from the metal into the anti-
bonding orbitals of the C, unit. This was
further confirmed by Raman spectro-
scopic investigations, which showed that
the wavenumbers of the C—C stretching

Keywords: acetylides - alkali metals
- neutron diffraction - palladium -

vibrations in Na,PdC, and Na,PtC, are
about 100 cm~! smaller than in acety-
lene. BC MAS-NMR spectra demon-
strated that the acetylenic C, units in the
title compounds are very different from
those in acetylene. Electrical conductiv-
ity measurements and band-structure
calculations showed that the black title
compounds are semiconductors with a
small indirect band gap (approximately
0.2 eV).

Na,PdC, (Na,PtC,: 1.289(4) A), which

e platinum
is distinctively longer than the expected

Introduction

When in 1997 we showed that ternary alkali metal transition
metal acetylides are accessible by the reaction of Na,C, with
palladium or platinum, these black compounds were the first
structurally characterised examples of their class.['l Solution
and refinement of their crystal structures from X-ray powder
diffraction data showed that [M(C,)55,] chains (M =Pd, Pt)
are the characteristic structural feature. The only other details
we gave at that time were that the stretching frequency of the
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C—C bond was about 100 cm~! lower than that of acetylenel?
and that the measured diamagnetic behaviour was consistent
with the presence of Pd’. Since then we have found another
synthetic route to alkali metal transition metal acetylides
AM'C, (A = alkali metal; M!'= Cu,?4 Ag Pl Aul¥l) by heating
complex ternary hydrogen acetylides obtained in liquid
ammonia. These compounds are colourless to yellow and
exhibit typical salt-like properties. As the different colours
indicated differing properties of the ternary acetylides AM'C,
and Na,MC,, we investigated Na,PdC, and Na,PtC, in more
detail. The results of neutron diffraction experiments, spec-
troscopic investigations (Raman, *C MAS-NMR) and meas-
urements of the electrical conductivity are reported herein
and discussed on the basis of theoretical band-structure
calculations. The new compounds K,PdC, and K,PtC,, which
are isotypic with Na,PdC, and Na,PtC,, are also presented.

Results and Discussion

Na,PdC, and Na,PtC, can be synthesised by the reaction of
Na,C,! with palladium or platinum in an argon atmos-
phere.ll By the use of K,C,*? this procedure has been
extended to the synthesis of K,PdC, and K,PtC, under
analogous conditions (see Experimental Section). All the
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compounds were black, polycrystalline and sensitive to air
and moisture. With a slight surplus of the alkali metal,
acetylide products free of impurities detectable by X-ray
powder diffraction could be obtained, but neutron diffraction
and C MAS-NMR experiments revealed that smaller
amounts of the starting materials were still present (vide
infra). With a higher surplus of the alkali metal acetylide the
unreacted binary acetylides were detectable by X-ray powder
diffraction; a surplus of palladium or platinum led to PdC,['")
or unreacted platinum, respectively.

The evolution of the reaction could be monitored on a high-
temperature X-ray powder diffractometer by heating the
starting materials sealed in a capillary under argon. The
reaction of Na,C, with palladium in the range 50-550°C
(Figure 1) started at about 280 °C and was almost complete at
about 400°C. No intermediate products were visible in the
diffraction patterns. Similar reaction temperatures were
found for the other title compounds.

No comparable reaction of Na,C, or K,C, with nickel was
observed. Only Ni;C['"l could be obtained as a reaction
product. Similarly, the reaction of Li,C,['> ! with nickel,
palladium or platinum was unsuccessful: only known inter-
metallic lithium compounds were formed.['*!

The crystal structures of Na,PdC, and Na,PtC, had already
been solved and refined from X-ray powder diffraction data.l!l
K,PdC, and K,PtC, are isotypic with the sodium compounds;
the lattice parameters and some details of the X-ray powder
investigations are summarised in Table 1.

The ¢ axis is almost independent of the respective alkali
metal; this indicates a structural motif along this direction
which consists solely of carbon and the transition metal.
Indeed, in the resulting crystal structure (Figure 2)
«~[M(GC,)3] chains running along the crystallographic ¢ axis

Abstract in German: Ternire Ubergangsmetallacetylide der
Zusammensetzung A;MC, (A=Na, K; M= Pd, Pt) konnen
durch Reaktion der entsprechenden Alkalimetallacetylide A,C,
mit Palladium oder Platin in einer inerten Atmosphdre bei ca.
350°C dargestellt werden. Die Kristallstrukturen sind durch
JIM( C2)§72 [-Ketten charakterisiert, die durch die Alkalimetall-
ionen separiert werden (P3ml, Z=1). Auf Grundlage von
Neutronenbeugungsuntersuchungen wurde fiir Na,PdC, ein
C-C-Abstand von 1.263(3) A erhalten (Na,PtC,: 1.289(4) A),
der deutlich grofer ist als der Erwartungswert fiir eine C—C-
Dreifachbindung (1.20 A). Basierend auf Bandstrukturrech-
nungen kann dies auf starke Riickbindungen vom Metall in die
antibindenden Orbitale der C,-Einheit zuriickgefiihrt werden.
Dies wird ferner durch die Ergebnisse von ramanspektrosko-
pischen Untersuchungen bestdtigt, bei denen gefunden wurde,
daf3 die Wellenzahl der C—C-Streckschwingung in Na,PdC,
und Na,PtC, um ca. 100 cm™ kleiner ist als in Acetylen. Ferner
zeigen 3C MAS-NMR-Untersuchungen, daf sich die acetyli-
dischen C,-Einheiten in den terniiren Ubergangsmetallacetyli-
den deutlich von denen in Acetylen unterscheiden. Weiterhin
ergaben Messungen der elektrischen Leitfihigkeiten und
Bandstrukturrechnungen, daf3 die schwarzen Titelverbindun-
gen Halbleiter mit einer sehr kleinen indirekten Bandliicke von
ca. 0.2 eV sind.
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Figure 1. Formation of Na,PdC, from Na,C, and palladium with increasing
temperature as measured on an X-ray powder diffractometer (Huber
G644). The reflection assignments and the starting temperature of the
reaction are highlighted.

Table 1. Selected crystallographic data (STOE Stadi P2, 298 K) of ternary
palladium and platinum acetylides (P3m1, Z=1).

Na,PdC, Na,PtC, K,PdC, K,PtC,
a [A] 4.4638(1) 4.5031(3) 5.1033(2) 5.1218(1)
c [A] 5.2668(2) 5.2050(5) 5.2828(2) 5.2179(1)
|4 [A3] 90.883(7) 91.40(1) 119.150(9) 118.539(7)
wRp 0.0430 0.0450 0.0343 0.0412
Ry 0.0338 0.0359 0.0262 0.0319
Rerage 0.0623 0.0391 0.0691 0.0290
No. of reflections 39 50 63 67
26 range [°] 15-90 16-100 16-100 16-105

ap
Figure 2. Crystal structure of Na,PdC,. The unit cell, the C—C bonds, the
distorted trigonal prismatic surroundings of one Na atom, the linear carbon
coordination and the octahedral Na surroundings of one Pd atom are
emphasised.

are the characteristic structural feature. These chains are
separated by the alkali metals, which show an unusual
coordination, with three C atoms at a short distance and
three transition metals at a slightly longer distance, so that a
very distorted trigonal prism results. In the chains each
transition metal is coordinated by two C, dumbbells in an end-
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on fashion, and vice versa. The linear coordination of the
transition metal is in good agreement with the expected
coordination of Pd” or Pt® with a d'° electron configuration.

To obtain reliable atomic parameters for the light atoms
(sodium and carbon) and thus accurate bond lengths in the
transition metal carbon chains, neutron diffraction experi-
ments were performed on Na,PdC, and Na,PtC, (see Exper-
imental Section). Some resulting interatomic distances are
given in Table 2. The quality of the data and the refinement
can be estimated from the example in Figure 3.

Table 2. Selected interatomic distances [A] of Na,PdC, and Na,PtC,.

Na,PdC, Na,PtC,
Pd/Pt—C 2.002(2) 2 x 1.958(2) 2 x
Na—Pd/Pt 2.968(2) 3 x 2.967(3) 3 x
Na—C 2.631(1) 3 x 3.139(3) 3 x 2.652(1) 3 x 3.170(3) 3 x
c-C 1.263(3) 1.289(4)

Intensity/a.u.
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Figure 3. Neutron diffraction time-of-flight pattern (backscattering) of
Na,PdC, at 298 K, showing the observed (+) and calculated patterns (solid
line) as well as the difference between them. Vertical bars mark the
positions of the reflections of Na,C, (upper bars) and Na,PdC, (lower bars).

Among the interatomic distances in Table 2, the C—C bond
lengths are the most remarkable, since they deviate from the
expected value for a C—C triple bond (1.20 Al'*) by more than
0.06 A. This is discussed in more detail at the end of this
contribution. The Na—C distances are in good agreement with
the values found for Na,C, (2.617(4)-2.798(4) 6 x ).’! The
sample investigated by neutron diffraction contained small
amounts of Na,C,, which could not be detected by X-ray
powder diffraction (Figure 3). This is discussed in more detail
with the 3C NMR results below.

Another interesting feature is the temperature dependence
of the lattice parameters of Na,PdC, and Na,PtC, measured
between 10 and 298 K. The value of a increases, as expected,
with increasing temperature (Na,PdC,: a=4.4375(9) A at
10K, 4.4638(1) A at 298 K; Na,PtC,: a =4.484(1) A at 10K,
4.5031(3) A at 298 K), whereas ¢ decreases slightly (Na,PdC,:
c=5275(1) A at 10K, 5.2668(2) A at 298 K; Na,PtC,: c=
5.216(1) A at 10K, 5.2050(5) A at 298 K). This points to an
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increasing librational motion of the C, dumbbells around their
centre of gravity with increasing temperature which affects
the a axis (perpendicular to the dumbbell axis) more than the
c axis (parallel to the dumbbell axis). This effect is also well
known for several binary alkali metal and alkaline earth metal
acetylides.['?]

For the platinum compounds c is always about 0.06 A less
than ¢ for the respective palladium compounds (see Table 1).
This difference may be attributed to relativistic effects,!'”]
which should peak at the pair Ag— Au. Indeed, in AAgC,V!
and AAuC)/® (A=Li-Cs) with similar chain structures
¢ differs by more than 0.1 A (LiAgC,: ¢ =5.328(3) A; LiAuG;:
¢=5.194(7) A; both compounds crystallise in isotypic struc-
tures with [[M(C,)3),] chains).

BC MAS-NMR spectroscopy is a very useful tool for
characterising metal acetylides.” 2% The 3C NMR spectro-
scopic parameters of Na,C, and K,C,”) can be compared with
those of the new ternary palladium and platinum compounds
(see Experimental Section and Figure 4).

157 ppm (Na,PdC,)

172 ppm {Na,C,)
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Figure 4. 3C MAS-NMR spectrum of Na,PdC,: the centre bands at the
isotropic chemical shifts of Na,C, and Na,PdC, are marked. MAS
frequency 4320 Hz, n/2 pulse length 5 ps, 520 scans, time between RF
pulses 180 's.

It is surprising that two sets of resonance lines were
observed, as the structure of Na,PdC, contains only one
crystallographically independent carbon atom, but compar-
ison with the spectrum of Na,C,l” makes it clear that the
smaller signal must be assigned to the unreacted starting
material, Na,C,. Therefore, contrary to the results of X-ray
powder diffraction, the product is not free of impurities. Na,C,
contains only light elements which are almost invisible in the
X-ray powder diffraction patterns. With methods such as
B3C NMR spectroscopy or neutron powder diffraction, how-
ever, these impurities can be detected.

The spectra obtained for Na,PdC, and K,PdC, were
analysed for the intensities of their spinning side bands to
determine the shielding parameters (see Experimental Sec-
tion),”! which are summarised and compared with those
obtained for Na,C,, K,C, and solid C,H,? in Table 3 (for
Na,PtC, and K,PtC, the poor quality of the spectra did not
allow an analysis of the spinning side bands).
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Table 3. BC MAS-NMR parameters of binary and ternary acetylides and
solid acetylene.

Jiso [ppm ]! Ao [ppm]®! el
Na,PdC, 157 359 0.20
Na,PtC, 156 _ld] _ld]
K,PdC, 162 317 0.15
K,PtG, 162 _ld] _ld)
Na, G, 172 342 0.17
K,C,! 186 285 0.15
CH, 70 240 0

[a] Isotropic chemical shift (relative to external (CH;),Si): i, = — 0io =

—1/3(011 + 0+ 033)  With 033 — 0| > |011 — Gige| = |02 — Tisel; A(is0) <
+1ppm. [b]Shielding anisotropy: Ac=o03;—1/2(0,,+0y); A(Ac) <
+5ppm (for K,PdC,: +10ppm). [c] Asymmetry parameter: 7=
3/2(0y, — 011)/Ac; A7) <£0.05. [d] Not determined.

The isotropic chemical shifts of the binary and ternary
acetylides are similar, but they are markedly different from
that of acetylene. The deshielding of the binary acetylides is
slightly greater than that of the ternary transition metal
acetylides and increases as the number of electrons on the
alkali metal rises. The latter effect is also found for the ternary
acetylides, but it is less pronounced. The shielding anisotropy
Ao, however, decreases with an increasing number of
electrons. By far the smallest value of Ao was found for
acetylene. For an ideal axial symmetric environment around
the C atoms the asymmetry parameter  should be zero.
Consistently with the lack of axial symmetry around the C,
dumbbells in the given crystal structures, it was found that the
asymmetry parameters are significantly different from zero.
The difference between the components of the shielding
tensor in the plane perpendicular to the dumbbell axis
amounts to at least 30 ppm. For acetylene frozen in an argon
matrix® an asymmetry parameter of zero was obtained,
which is in agreement with the point symmetry of the C,H,
molecule.

To summarise the findings of
the C NMR experiments: the

NMR parameters of the binary 140 R
and ternary acetylides are com- _1.
parable, but they differ very :
much from those of acetylene; 120 - ‘

furthermore, the influence of
the alkali metal ion on the
NMR parameters is stronger
in the binary acetylides than in
the ternary compounds.

The magnetic susceptibilities
of A,MC, (A=Na, K;: M=Pd, 80 7
Pt) were measured on a Squid
magnetometer in the temper-
ature range 1.7-298K with 60
applied magnetic fields of up
to 5T. As expected for com-

100

served. Only below 20 K was a slight increase in the magnetic
susceptibilities obtained, probably due to small amounts of
unknown paramagnetic impurities.

Agreement between the mean values of the susceptibilities
observed between 100 and 298 K and the theoretical values
calculated from the respective diamagnetic incrementsi?® 24
(Table 4) is excellent for Na,PdC, and K,PtC, and reasonable
for the other two compounds.

The black colour of the title compounds suggested that they
are conductors or semiconductors. When their electrical
conductivity was measured by using a PPMS system (Quan-
tum Design; see Experimental Section), all four compounds
showed the typical behaviour of a semiconductor, namely,
decreasing resistivity with increasing temperature; an exam-
ple is shown in Figure 5. As the expected linear behaviour is
not observed in the In(1/R) =f(1/T) plot, it must be assumed
that two different conduction mechanisms exist. We suggest
that, as for many similar systems, at low temperatures the
conduction is mainly affected by defects, whereas at higher
temperatures the intrinsic conduction mechanism gains the
upper hand. The most linear behaviour was observed in the
In(1/R) =f(1/T) plot of K,PtC,. The activation energy (that is,
the band gap) from the high-temperature data was estimated
to be E,~0.18 eV, a value comparable with the band gap
obtained from band-structure calculations on Na,PdC, using
the LMTO (linear muffin-tin orbitals) method within density
functional theory (see Experimental Section).?> 20l

Table 4. Mean values of magnetic susceptibilities of ternary palladium and
platinum acetylides measured in the range 100-298 K and comparison
with theoretical values calculated using diamagnetic increments.

Amor(caled) [107"'m3 mol ]

Amoi(meas.) [107'' m3mol~']

Na,PdC, ~76 76
Na,PtC, ~79 —99
K,PdC, “124 —9%
K,PtC, _121 ~119
In(1/R)
40
4.2
4.4
461
-4.81 e
* v
5.0 ——
000 005 010 015 020 025 030

1/TIK?

pounds with transition metals in 40 . T
a d!° electron configuration, 0 50
temperature-independent dia-
magnetic behaviour was ob-

Chem. Eur. J. 2001, 7, No. 9
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Figure 5. Dependence of the electrical resistivity of Na,PdC, on temperature. Inset: In(1/R) = f(1/T).
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Figure 6 shows that Na,PdC, is a semiconductor with a
small indirect band gap (highlighted) of about 0.2 eV. For the
calculations the structural data of the neutron diffraction

" F]
e i —
| e L] n___
D |
el | T ——
- K -
S __-"'-ﬁa a;
S B e

Figure 6. Band structure of Na,PdC,. The Fermi level was chosen as the
zero-point energy. The indirect band gap is highlighted.

experiments were used with the lattice parameters of the low-
temperature X-ray investigations taken at 10 K (see above).
Density functional calculations typically provide band gaps
which are smaller than the experimental value,*”! but this
calculated value for Na,PdC, is in good agreement with the
estimated experimental band gap for K,PtC,.

The band structure of Na,PtC, looks very similar to that in
Figure 6, but the band gap is even smaller. Unfortunately, the
quantitative analysis of the electrical conductivity measure-
ments is not good enough to be compared with the results of
the band-structure calculations. No band structures were
calculated for K,PdC, and K,PtC,, as no reliable atomic
parameters were available from neutron diffraction inves-
tigations.

The conduction band of Na,PdC, between the points A and
L of the Brillouin zone, which is along the zone edge in the
a*,b* plane, shows a surprisingly large band width which was
deduced, from a fat-band analysis, to consist mainly of
contributions from Na 3s and C p,, orbitals, the latter having
a m antibonding character. A more detailed analysis showed
that Na—C interactions are weakly antibonding at A and
bonding at L, and the change between antibonding and
bonding behaviour leads to the observed large band width of
the conduction band between these points. Furthermore,
calculations with different C—C distances showed that shorter
distances lead to a smaller band width of the conduction band
between A and L and thus a larger band gap. It is surprising
that CsAgC,, which has a similar crystal structure with
«~[Ag(C,)3),] chains separated by the cesium atoms, is colour-
less and shows insulating behaviour (vide infra). It would

1956 ——
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therefore be interesting to synthesise and analyse the
electronic properties of compounds such as AT™™MC, (A=
alkaline earth metal; M =Pd, Pt). The electronic situation
should be comparable with that of Na,PdC,, but the crystal
structure should be similar to that of CsAgC,. Unfortunately,
our experiments in these systems, especially the reaction of
MgC,® 21 with palladium or platinum, have not yet been
successful and have led to new, probably intermetallic,
phases.P]

Vibrational spectroscopy was shown to be a helpful tool for
characterising the bonding in, for example, carbonyl com-
plexes, from the frequency of the C— O stretching vibration.B!
As the C, units are symmetrically surrounded in binary and
ternary acetylides, Raman spectroscopy has to be used to
obtain the frequencies of the C-C stretching vibrations,
which may well yield useful information about the bonding in
these compounds.

Several trends are evident in Table 5. The wavenumbers of
the C-C stretching vibration in binary alkali metal acetylides
and ternary palladium and platinum acetylides are very
similar to each other, but they differ by approximately
100 cm™! from that of acetylene, which, however, compares
quite well with the wavenumbers in ternary silver and gold
acetylides. The difference between the silver and palladium

Table 5. Raman spectroscopy: wavenumbers [cm~'] of C-C stretching
vibrations (¥~c) of binary and ternary acetylides.

AC, A,PdC, A,PtC, AAgC, AAUG,
A=Na 18451 1862 1845 196515 1997161
A=K 18211 1850 1840 196315 1997161
A=H 19740)

acetylides is explained below. Furthermore, the decrease in
the wavenumbers of the C—C stretching vibration with an
increasing number of electrons on the alkali metal is clear for
the binary acetylides, less pronounced for the palladium and
platinum compounds and negligible for the silver and gold
acetylides. At least for the binary acetylides, this is probably
attributable to a decreasing electronegativity from sodium to
potassium, which leads to a higher negative charge on the C,
dumbbell, which affects the C-C stretching vibration as
described.’? This effect seems to be less important in the
ternary compounds.

Whereas Na,PdC, and the other title compounds are black
and show semiconducting behaviour, CsAgC, and related
ternary acetylides with comparable |![M!(C,);/,] chain struc-
tures (M!=Cu, Ag, Au)*° are almost colourless and act as
insulators, as mentioned above. Among the properties of
Na,PdC, and CsAgC,,P! as typical examples of these classes of
compounds, summarised in Table 6, the most interesting is the
C—C bond length, which is in the range expected for a C—C
triple bond in CsAgC,, but it is more than 0.06 A longer in
Na,PdC,. We think that a stronger backbonding from
palladium into the antibonding orbitals of the C, unit is
responsible for this increase in the C—C bond length, which is
also demonstrated by a decrease in the respective C-C
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Table 6. Comparison of some properties of Na,PdC, and CsAgC, .

Na,PdC, CsAgC,
C-C[A] 1.263(3) 1.217(7)
M—C [A] (M =Pd, Ag) 2.002(2) 2.015(4)
sum radii M—C [A] 2.06 2.03
colour black colourless
conductivity semiconductor insulator
Peec [em™!] 1862 1965
iCOHP(M—C(x)) [eV per bond] 0.24 0.06

stretching vibration. This is confirmed by a comparison of the
calculated bond length for an M—C bond from theoretical
radiil"™! with the experimental value: the latter is much shorter
than the theoretical value for the Pd—C distance in Na,PdC,,
whereas in CsAgC, there is only a small difference between
these two values. Therefore the bonding can be represented
simply by the electron-dot structures in Equation (1), B in
which the left-hand structure describes more or less the
bonding in CsAgC,, whereas in Na,PdC, the right-hand
structure must also be considered.

.mM-C=C-M~-...= .. =M=C=C=M=... )

This is confirmed by analysis of the COHPs (crystal orbital
Hamilton populations)?®* of the n-M-C bonding—mainly
consisting of overlaps of the metal d - orbitals with carbon
p—n orbitals—in the band structures of Na,PdC, and
CsAgC,. The higher integrated value (iCOHP) for Na,PdC,
(Table 6) indicates a stronger backbonding in this compound.

Currently we are investigating the kinetics of the reaction of
Na,C, with palladium by diffraction methods. We have found
that an increase in the reaction temperature of about 20 K
increases the reaction time by a factor of 10. Furthermore we
were able to synthesise Rb,MC, and Cs,MC, (M =Pd, Pt) by
analogous reactions. This will be the subject of a forthcoming
contribution.!

Experimental Section

Preparation of compounds: The title compounds were prepared by
reaction of the respective alkali metal acetylide with palladium (Alfa,
99.9985 %) or platinum (ABCR, 99.9 %) powder in an inert atmosphere at
about 350 °C. Na,C, and K,C, were synthesised according to the procedures
given in the literaturel’) and their purity was checked by X-ray powder
diffraction. In a typical experiment, the alkali metal acetylide (1.2 mmol)
and the transition metal (1 mmol) were mixed in a glove-box (argon
atmosphere) and pressed to pellets (& = 10 mm), which were transferred in
a corundum crucible into a horizontal tube furnace, where they were
heated to 350°C in an argon atmosphere for about 15 h. The products were
allowed to cool and transferred back to the glove-box, where all further
handling was carried out. The resulting powders were black and sensitive to
air and moisture.

Crystal structure determinations: Room-temperature X-ray powder dif-
fraction was carried out on a STOE Stadi P2 powder diffractometer (Ge
monochromator, Cug,, radiation, linear position-sensitive OED detector).
The samples were measured in capillaries (& =0.3 mm) sealed in an argon
atmosphere.

For the low-temperature investigations a Huber G645 powder diffractom-
eter was used (Cug,, radiation, Ge monochromator, scintillation counter,
closed-cycle He cryostat). The samples were measured on a flat sample

Chem. Eur. J. 2001, 7, No. 9
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holder designed for air-sensitive compounds, which was filled in a glove-
box.

The high-temperature investigations were carried out on a Huber G644
powder diffractometer (Ge monochromator, Cug, radiation, linear
position-sensitive OED detector, Huber furnace). The samples were sealed
in capillaries (& = 0.3 mm) under argon.

The resulting patterns were indexed using the program TREOR90.5 A
starting model for the structure refinement, guessed from the resulting
lattice parameters, was refined by the Rietveld method using GSAS
software.¥’]

The neutron powder diffraction experiments were performed on the Rotax
time-of-flight diffractometer® at the ISIS spallation source (Rutherford
Appleton Laboratory, UK). The samples were measured in vanadium
cylinders (& =6 mm, height ~ 50 mm, wall thickness ~0.1 mm) with alu-
minium screw caps and air-tight indium seals.

Structure refinement of Na,PdC,: Crystal system: trigonal, space group
P3m1 (no. 164), a =4.4638(1), ¢ =5.2658(3) A, peyea=3.224 gem3, Z=1,
Pd on 1(a), C on 2(c) with z =0.3801(3), Na on 2(d) with z =0.2796(8), 32
reflections on the forward- and 282 reflections on the back-scattering bank,
five positional and thermal parameters refined, wRp =0.0393/0.0371, Rp =
0.0329/0.0342, Rpqp, =0.0241/0.1213; the investigated sample contained
8.5(2) wt % Na,C,.

Structure refinement of Na,PtC,: Crystal system: trigonal, space group
P3m1 (no. 164), a=4.5013(1), ¢ =5.2047(3) A, peea=4.819 gem 3, Z=1,
Pt on 1(a), C on 2(c) with z=0.3762(4), Na on 2(d) with z =0.275(1), 117
reflections on the forward- and 113 reflections on the back-scattering bank,
five positional and thermal parameters refined, wRp = 0.0376/0.0506, Rp =
0.0299/0.0413, Ry, =0.0331/0.0258; the investigated sample contained
14.6(3) wt % Pt and 7.8(1) wt % Na,C,.

All refinements were carried out with the GSAS suite of programs.”)

Further details of the crystal structure investigations may be obtained from
the Fachinformationszentrum Karlsruhe, 76344 Eggenstein-Leopoldshafen
(fax: (4+49)7247-808-666; e-mail: crysdata@fiz-karlsruhe.de) on quoting
the depository numbers CSD-411388 (Na,PdC,) and CSD-411389
(Na,PtC,).

NMR spectroscopy: The solid-state *C MAS-NMR spectra were recorded
at a resonance frequency of 75.5 MHz on a Bruker AC300 spectrometer
with an additional high-power unit and a 7 mm MAS probe. In a glove-box,
the samples were placed in air-tight rotors with Teflon caps. The spinning
side-band intensities were analysed with the Bruker WIN-FIT program.®

Magnetic and electrical property determinations: The magnetic suscepti-
bilities were measured with a Squid MPMS-5S (Quantum Design). The
powdered samples were sealed in a quartz capillary (& =2 mm; sample
fixed with a quartz sphere) under argon. The measured susceptibilities were
corrected for the diamagnetic contributions from the quartz capillary and
the quartz sphere. Measurements at five different magnetic fields revealed
that all the samples contained only minor amounts of ferromagnetic
impurities.

Electrical conductivity measurements were conducted on a PPMS (Quan-
tum Design) in the range 3.5-298 K. The ground sample (approximately
250 mg) was pressed with four copper wires (& =0.3 mm) to a powder
pellet (=12 mm, height ~1 mm). The copper wires were arranged in a
linear way, so no quantitative analysis could be performed.

Calculations: For electronic band-structure calculations, the LMTO
method® ! within the local density approximation (LDA), taking the
von Barth-Hedin approximation, was used.[*l Atomic-sphere radii were
chosen by an automated procedure for the TB-LMTO-ASA calculations.
Scalar relativistic corrections were included and the calculations were
checked for k-point convergence.

Raman spectroscopy: The Raman spectra were recorded on a Dilor XY
triple spectrometer with an argon laser (4 =514.5 nm, 2 mW laser power).
The powdered samples were pressed to pellets in a glove-box and
transferred into a sample holder designed for measurements on air-
sensitive compounds.
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