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[PtIng]'"* Octahedra in PtIn,F,;: The First
Compound of a New Class of Metal-Cluster
Fluorides

Jiirgen Kohler* and Jen-Hui Chang

Fluoride compunds containing low valent indium are
largely unknown and all experiments to reduce InF; with H,
or metallic In, which date back to the 1930s,[!l have failed. Our
own experiments for the reduction of InF; with elemental In
in Pt ampoules often resulted in a pale yellow products whose
X-ray powder patterns could not be assigned to any known
phase. Since the hypothetical “InF” is isoelectronic with SnO
and the recently discovered Ru;Sn;sO,,,2 which can formally
be considered as “Ru;Sn-14Sn0O”, it seemed likely that the
corresponding low valent indium fluorides exist. Through
addition of Pt powder to the well known In—-InF; system, we
succeeded in the synthesis of the new fluoride PtIn,F,; as pure
powder samples and single crystals (see Experimental Sec-
tion), from which the crystal structure was solved and the
structural parameters refined.( 4

The crystal structure of PtIn,F;; is shown in Figure 1.
Characteristic building units are the [PtIng] octahedra, which
are observed for the first time. These units are stacked in an

Figure 1. Projection of the crystal structure of PtIn,;F;; with the unit cell.
Small black circles represent Pt, grey circles In, and open circles F. Short
Pt—In distances (< 260 pm) within the [PtIng] octahedra are represented by
thick lines and the [In(1)F4] octahedra are represented as polyhedra.

alternating fashion together with [InF,] octahedra along [001].
Platinum centers are octahedrally coordinated by six In atoms
with Pt—In bond lengths ranging from 253.0 to 254.7 pm
(Figure 2). These distances are significantly smaller than in
intermetallic phases with six-fold coordinated Pt atoms, for
example, LaPtIn,® with dp,_;, =269 pm or Sr,Pt;In,° with
dpi1n =265 pm. The In—In distances within the [PtIn,] cluster
of PtIn,F; are, at 344 pm to 378 pm, only slightly longer than
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Figure 2. Projection of a [PtIngF,,] cluster with threefold symmetry in
Ptln,F,; together with the numbering of the atoms. Selected distances [pm]:
Pt-In(2) 254.7(1), Pt-In(3) 253.0(1), In(2)-In(2) 378.0(1), In(2)-In(3)
360.5(1), In(3)-In(3) 344.2(1), In(2)-F(5) 207.9(12), In(2)-F(4) 209.4(2),
In(2)-F(3) 237.5(6), In(3)-F(5) 198.0(12), In(3)-F(1) 206.5(3), In(3)-F(2)
254.6(10).

in elemental In (dy, ,=325pm (x4) or in molecular In
clusters (338 pm (x8)) such as Ing(2,6-Mes,C¢Hs), (Mes=
2,4,6-Me;CH,).l! For a further comparison, [In(2)In(1),]™*
tetrahedra in Nay;InsO,5® are present with short In(1)—In(2)
distances of 275 pm, whereas the In(1)-In(1) edges are
relatively long (445 pm).

The [PtIng] octahedra are surrounded by a total of 24 F
ligands, which lie from 198 to 255 pm distant. Such a [PtIngF,,]
cluster is unique as no fluorides are known which contain
comparable units. Only within the higher homologues of the
halides are there compounds with discrete octahedral clusters
which are centered by transition metals, for example,
Cs,Pr;Osl;5® and BiyIr;Br;,.['%) The In(2) atoms are termi-
nally coordinated by four F atoms, whereas the In(3) atoms
have three nearest terminal F atoms and, in addition, two
further F(2) atoms coordinate and these lie above the In(3) -
In(3) edges. The In(3)—F(2) distances are, at 255 pm, rela-
tively long and it is remarkable that u,-bridging F ligands in
corresponding molecular metal clusters are unknown. Anal-
ogous to the highly ionic transition metal compounds
containing M(X},X2 clusters (i=inner (German: innere),
a=outer (duBere))'l with only 18 surrounding anions and
significantly shorter M —M distances (for example, low valent
oxoniobates!'> 3l or oxomolybdates!'yl) the F(2) atoms can be
denoted as inner F ligands (F'). However, in NbgF;5 3 or
Na,Nb,F,, Cl, (y=8),1¢ the hitherto example of a metal
cluster fluoride complex (NbgFi,F2), the Nb—F' distances are
shorter than those of the Nb—F®. The different coordination
spheres of the In(3) and In(2) atoms in PtIn,F,; are reflected
in different distances from the [In(1)F,] octahedra to the three
In(3) and three In(2) of neighboring [PtIng] octahedra (Fig-
ure 1) and, as a result, the space group is acentric (P6smc
instead of P6;/mmc).

The In—F distances within the [In(1)Fg¢] octahedra are
between 207 and 217 pm as found in complex fluoroind-
ates(t11), for example, K,NalnF,['"l and it seems reasonable to
assume a + 3 oxidation state for the In(1) atom. For a deeper
analysis of the bonding situation in PtIn,F;;, we have
calculated bond-order sums according to =s; = Zexp[(r, —r;)/
B] (B =37 pm) with r,=180 pm for the In — F distances.'8l As
expected, one obtains Zs; ~ 1 for the single F ligands and Zs; =
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2.55 for the octahedrally coordinated In(1) center. For the
In(2) and In(3) atoms one obtains significantly smaller values,
25~ 1.35 and Zs5;/~1.85, respectively, and therefore their
oxidation states should lie between + 1 and + 2. According to
the representation of the ionic limit, PtIn,F;; is therefore
[PtIng]'™+(F-),[In**F¢]*>~, a mixed-valent Pt-In fluoride-
fluoroindate(11r).

There are two possibilities for the charge distribution within
the [PtIng]!%* octahedra resulting in integer oxidation states
for the In(2), In(3), and Pt atoms and which are all in
agreement with an octahedral coordination sphere for Pt with
respect to the approach of the ligand field theory [Eq. (1)].

[PE(In ) = [P (1n>0) ]+ M

In both cases, platinum achieves a stable 18 electron
configuration on assuming that In* is a two-electron and In**
is a one-electron o-donor, respectively. This is in agreement
with the diamagnetism of PtIn,F;; (see Experimental Section)
and it therefore has to be considered as a valence compound
with only paired electrons.

Band-structure calculations, on the basis of the Extended-
Hiickel method,['> 2" indicate that PtIn,F,; is an insulator
and both Pt—In as well as In—In interactions dominate
below the Fermi level (Figure 3). It is clear from the COOP
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Figure 3. a) Projected density of states (DOS) for In and Pt, b) MO
scheme for the metal-centered orbitals, and c¢) overlap population (COOP
curve) for the highest occupied bands in PtIn;F,;.

diagram (Figure 3¢) that these interactions have bonding
character and are, as expected, antibonding with respect to
In-F interactions. The interstitial Pt atom provides electrons
and orbitals to the strong bonding with the s orbitals of the
surrounding In atoms. In contrast to “classical” complexes
such as [PtCl]>-, the highest occupied orbital (HOMO) of the
[PtIng]'** cluster is not a t,, state but rather a t,, state because
of the energetically high In 4s orbitals. The calculated band
gap, A, is defined by the energy difference between this state
and the lowest unoccupied orbital (LUMO), e,*. Band gaps
obtained from Extended-Hiickel calculations are normally
too large and, therefore, it is not unusual that the calculated
value of Ay=3.3 eV for PtIn,F; lies slightly above the value
obtained by UV absorption spectroscopy. This value corre-
sponds to the pale yellow color of PtIn,F,; crystals.

The question arises as to which oxidation states could be
assigned to the atoms of the [PtIng]'** octahedra. For such a
discussion, the bonding situation of the [PtIng] octahedra in
PtIn,F,; is compared with the [RuSn¢] octahedra in Rus-
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Sn;5s0y4, in which the octahedra are connected through
common corners to triple chains (Figure 4). In this oxide, it
seems reasonable to assign the + 1 oxidation state to the four
connected Sn atoms and the +2 oxidation state to the two
peripheral Sn atoms. This assignment allows 18 valence

Figure 4. Projection of a fragment of the chain of corner-sharing [RuSng]
octahedra in Ru;Sn;sO,,.

electrons for each of the single Ru atoms and additionally
clarifies the condensation of the [RuSng| octahedra.”! As the
discrete [PtIng] octahedra contain only peripheral In atoms, In
should correspondingly have the +1 oxidation state and the
Pt atoms the +4 oxidation state. Then however, one would
oxidize metallic Pt with InF; during the synthesis of PtIn,F;, a
situation which seems less plausible. However, by band
structure calculations, Ru;Sn;sO;, cannot directly be com-
pared with PtIn,F,; as there is non-negligible In—In bonding
within the PtIng octahedra, whereas no Sn—Sn bonding has
been observed in Ru;Sn;s0,,. Alternatively, one could assume
the 0O oxidation state for Pt and distribute the remaining
valence electrons to In(2) and In(3).

It seems, at first, daring to assign the — 2 oxidation state to
the Pt atoms within the [PtIng]'** octahedra. However, Pt is
more electronegative than In and, moreover, the electron
affinity of Pt (205kJmol™!) is larger than that of S
(200 kT mol~1).2!1 Of course, the second electron affinity of
Pt might be positive but this holds also for O in the rich
chemistry of oxides. A Pt*~ ion would be isoelectronic with the
well known Au~ ion in Cs;AuQ,/?! and therefore does not
appear too unusual.”?l Furthermore, there are some hints
from band structure calculations for a negatively charged Pt as
shown for CaPtIn,.’* Investigation of the valence of Pt
centers is necessary, yet they cannot be obtained easily as Pt
Mossbauer spectroscopy is, unfortunately, not a routine
method and X-ray adsorbtion near-edge structure (XANES)
measurements are relatively complex.

We have now succeeded in the preparation of further
fluorides and oxides with main group element clusters with
interstitial transition metal atoms, especially with [IrIng]**
octahedra. By such structures, the question of oxidation states
will be easier to answer with studies of the corresponding
Mossbauer spectra.

Experimental Section

Carefully dried InF; (Merck, p.a.) was mixed with Pt powder (Merck, p.a.)
and In powder (Alfa, 99.99 %, 325 mesh) in the ratio 13:3:8, then ground in
an achate mortar to a grey powder under an Ar atmosphere. The powder
was pressed to a pellet, sealed under Ar in a Pt tube, and maintained at
750°C for 14 d. On cooling to room temperature, pale yellow transparent
crystals of PtIn;F; with a platelike trigonal habit formed within one day.
The crystals are stable in air and soluble in dilute HCI. The elemental
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analysis of a powder sample of PtIn,F,; with ICP*! resulted in 4.5 mol % Pt
and 30.9 mol % In (calculated: 4.8 mol % Pt and 33.3 mol % In).

The magnetic susceptibility of PtIn;F;; was measured using a Super-
conducting Quantum Interference Device (SQUID)-V.T.S.-Susceptometer
(S.H. Corp., San Diego (USA) and Quantum Design (MPMS: Magnetic
Property Measurement System)) at a constant external magnetic field as a
function of temperature. The diamagnetic contribution for PtIn,F,; of 3.6 x
10~* emumol~! is in approximate agreement with the value calculated from
atomic increments® (F—: 1.1x1075; In**: 19x107%;, P+ 2.0x
10-5 emumol ).
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A Novel Bovine f-1,4-Galactosyltransferase
Reaction To Yield f-D-Galactopyranosyl-(1-3)-
Linked Disaccharides from L-Sugars**

Yoshihiro Nishida,* Hideaki Tamakoshi,
Yuki Kitagawa, Kazukiyo Kobayashi,* and
Joachim Thiem

Among mammalian glycosyltransferases, bovine 3-1,4-gal-
actosyltransferase (-1,4-GalTase) has been the most exten-
sively studied regarding substrate specificity.l'! In nature this
enzyme catalyzes galactosyl transfer from UDP-galactose to
the 4-OH position of N-acetyl D-glucosamine (D-GIcNAc)
and also of D-glucose in the presence of a-lactalbumin (a-
LA). The enzyme is known to catalyze other reactions, for
example, the transfer of N-acetyl-pD-galactosamine to D-
GlcNAc at high concentrations of a-LA.P! Although the
f-1,4-GalTase reaction had long been thought to be regiospe-
cific at the 4-OH position of acceptor sugars, we previously
found a new type of reactions that catalyze galactosyl transfer
to the f-anomeric position of N-acetyl kannosamine (3-
acetamido-3-deoxy-D-glucose),?! N-acetyl gentosamines (3-
acetamido-3-deoxy-D-xylose),[ and p-xylose.F! In this paper,
we describe the first 3-1,4-GalTase reaction that utilizes L-
series sugars as the acceptor substrates. Moreover, the novel
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