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Abstract Tight-binding calculations with an extended
Hiickel Hamiltonian were performed on Ba,;Pt;B, and
LuOs;B,. Hypothetical linear metal boride chains present
in these materials are analyzed with a three-dimen-
sional model that contains a trigonal bipyramidal T3B,
(T = transition metal) building unit for the compounds.
The geometrical structure for the T3B, trigonal bipyramids
depends on the number of electrons. For systems that have
greater than 36 electrons in its trigonal bipyramidal
building unit, a structural distortion is expected. Electron
back donation from the electron-rich M3 fragment to the
empty €’ set on B, creates boron—boron interaction along
the z-axis. Boron—boron pairing then participates as an
electron sink and causes a trigonal distortion of the plati-
num Kagome net. On the other hand, a system with <35
electrons should have an undistorted, CeCos;B, type
structure. The electronic factors that create the breathing
motion are discussed and analyzed with the aid of molec-
ular and solid-state models. The metal-metal bonding
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associated with the structural properties also has been
examined.
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1 Introduction

Intermetallic bonding in inorganic compounds for many
years has been a favorite subject of material science. The
existence of intermetallic or metal-metal bonding leads to
entirely new structures, particularly among the transition
metal compounds. In these structures, metal-metal bonding
manifests itself by the formation of clusters such as trian-
gles, tetrahedra, octahedra, chains, and dimers within the
lattice [1-4]. As the metal lattice breaks up into clusters, it
is common that three-dimensional metal-metal bonding is
still retained (to a lesser extent) with long inter-cluster
distances, about 12-20% larger than in the bulk metal.
A series of low T, superconducting compounds with the
composition MT,B, (M = a rare earth element, T = a
transition metal) form cubane-like clusters [5, 6]. The
discovery of these compounds catalyzed intense research
on potential ternary superconductor systems [7]. A related
class of materials has been reported for the MCo3B, system
(M = Sc, Y, U or one of the rare earth elements) [8—13]
that has the hexagonal CeCo3B, type structure (P6/mmm).
Here, the basic cluster building block is a T3B, trigonal
bipyramid. This structure is also found for ternary boride
systems with general formulae: MRu;B, (M = La, Ce, Pr,
Nd, Sm, Gd, Tb, Dy, Ho, Er, Yb, Lu, Y, Th, or U), MOs3B,
(M = Lu or U), and MIr;B,(M = La, Th or U) [14]. Most
members of these systems were reported to be either
superconducting or magnetically ordered. For example,
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LuOs3B, is a superconductor with a transition temperature
of 4.6 K [14]. Structural variants of the hexagonal
CeCo3B, type have been reported, such as Erlr;B, (C2/m)
[15], LaRusSi, (P63/m) [16, 17], ZrCosB, (R3) [18], and
URu3B, (P3) [19], which have a large unitcell and lower
symmetry. Defect structure types with compositions
M_T;B, have been observed. For example, Ba,PtyBg
(P63/mmc) [20], Ba;NigBg (R3) [21], and La,_,Rh3B, (P6/
mmm) [15]. Specifically, M,;3Pt;B, (M = Ca, Sr or Ba)
systems have superconducting transition temperatures from
1.7 to 5.7 K [20].

Most of the MT;B, compounds have the CeCo3B, type
structure; a view in two perspectives is presented in Fig. 1.
The M cations form a simple hexagonal lattice along with
the B atoms and the T atoms form a Kagome(3636) net [22,
23]."! Each Tj triangle is capped with boron atoms below
and above to give a trigonal bipyramid. These trigonal
bipyramids are then joined in three dimensions by sharing
vertices. The metal-metal distances in the CeCo3;B, type
compounds are 2.50-2.75 A which are close to the values
in the respective transition metals. For example, in
LuOs;B, [14], the Os—Os distances within the Kagome net
are 2.73 A, which is close to that in osmium metal; those
distances between the osmium layers are more than 10%
longer (3.05 A). The B-B distances are 3.03 A both within
a Lu-B layer and between two such layers; therefore,
the boron atoms are isolated from each other. The Lu
atoms form chains along the c-axis (d[Lu-Lu] = 3.05 10\),
and these chains are also isolated from each other
(d[Lu-Lu] = 5.46 A).

The Ba,;Pt;B, structure [20] is derived from the
CeCo3B, type. In Bay;Pt;B,, only two-thirds of the M
positions are occupied by Ba. The Kagome net of Pt atoms
undergoes a distortion as shown for the Pt atoms in 1.
The PtPt distances are 2.86 A within a small Pt

triangle and 3.30 A between them. In contrast to the
CeCo3B, type, Ba,;3Pt3B, has an interlayer Pt—Pt distance
of only 2.65 z&, as shown in Fig. 2a, which is 4.3% shorter
than in Pt metal. One may find a similar distortion in Laves
phases (the MgZn, type) [24-27] where every second tri-
angle is capped by zinc atoms above and below the

! This nomenclature means that counting the rings around any vertex
from one of the triangles we encounter, in order, a triangle is followed
by a hexagon.
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Fig. 1 A plot of the CeCo3B, structure from the top (a), and side (b),
view; the dashed line in each structure shows the unit cell

Kagome plane. Thus, the nature of the transition metal
sublattice in Ba,sPt3B, is qualitatively different from that
in CeCo3B, in which two-dimensional clusters are formed.
The Pt atoms in BaysPt3B, [20] can be viewed as forming
zigzag chains (d[Pt-Pt] = 2.65 A) running in the ¢ direc-
tion, where the interchain distances are d[Pt—Pt] = 2.86
and 3.30 A. In hexagonal MT3B, phases of the CeCo;B,
type, the boron atoms form a hexagonal net; however, the
layers are isolated from each other. In some distorted
structures, e.g., Ba,;3Pt3B,, they pair along the ¢ direction
[28-30]. In Ba,;Pt;B,, a one-dimensional deformation
along c-axis of the boron chain provides short (2.29 A) and
long (2.98 A) B-B distances. The short B-B distance
is 33% longer than the usual B-B bond length of
1.70-1.74 A. Nonetheless, this certainly represents sizable
overlap between the boron atoms.

In present study, we shall investigate the electronic
structure of LuOs3;B,, which has the lowest number of
valence electrons per formula unit (33 electrons) as a
representative of the CeCo3;B, type of compound and Ba,,
3Pt;B,, which has the largest number of valence electrons
per formula unit (37.33 electrons) as that for one distorted
variant. Both structures are prevalent for a large number of
alkali/lanthanide cation and transition metal combinations.
Furthermore, there are a number of MT;Si, analogs that
also have the CeCo3B, structure [31-33]. Previous calcu-
lations on compounds with the CeCo3;B, structure have
focused on the magnetism and conductivity aspects
[34-37]. Our concerns are perhaps more fundamental. We
wish to understand the bonding in these compounds from
an orbital point of view. Furthermore, we will investigate
the electronic source of the distortion upon going from the
CeCo3B, structure to the Ba,;Pt;B, one. All MT;B,
compounds are electron rich. The unifying geometrical
feature in these materials is the presence of trigonal
bipyramids. The application of Wade’s rules and its vari-
ants [38-42] is problematic because of the unusual coor-
dination around each transition metal. Nevertheless,
consider in Ba,;3Pt;B, that the Pt—Pt distances of 2.65 and
2.86 A correspond to single bonds, while those at 3.30 A
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Fig. 2 Side (a), and top (b),
views of the B32/3Pt3B2
structure

do not constitute a bond. Furthermore, if the B—B distances
at 2.29 A are considered to be single bonds, then Ba,,
sPt;B, has a skeletal electron count of 17.33 electrons.
Wade’s rule dictates that 12 skeletal electrons should be
stable for a trigonal bipyramidal cluster [43]. Even for
LuOs3B.,, a total of 13 skeletal electrons are present. The
electronic factors shall be studied, which drive the distor-
tion toward these two structural types, as well as, others
having an intermediate number of valence electrons [18,
19, 44, 45]. Our operational strategy in the manuscript is to
first consider a discrete trigonal bipyramid, followed by a
one-dimensional model and then the full three-dimensional
case for Ba,;Pt;B,. We employed a tight-binding [46]
method within the extended Hiickel [47—49]2 framework.

2 The T3B, trigonal bipyramid

Triangular platinum clusters have been well studied both
experimentally and theoretically [50-64]. An equilateral
metal framework is expected for a 42 valence electron Pt
cluster molecule in which acceptor ligands bridge each
platinum atom (e.g., Pt3(CNR)g). When two extra electrons
are added, previous calculations have shown that distortion
is favored to an isosceles triangle or to a larger equilateral
triangle [50-65]. The molecular orbital diagram of a
trigonal bipyramidal Pt;B, unit is presented in Fig. 3.
A Pt;B,>" unit is constructed by capping two boron atoms
both above and below the Pt; triangle. We have arbitrarily
partitioned the molecule into B,”~ and neutral Pt; frag-
ments. The Pt;B,>~ molecular orbitals are fairly compli-
cated since many of the Pt—Pt bonding and antibonding
orbitals can mix with each other based on their symmetry
properties. We may simply summarize the interaction as
follows: Starting with the 26 and 16, B,>~ combinations,
the a,” molecular orbital, 2, is an

2 The parameters used were taken from [56, 65, 66].
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antibonding combination of 3a,’ (207) on B,”>"and la,’ on
the platinum fragment. There also is a second-order mixing
of the Pt sp combination, 2a;" which keeps the molecular
a;’ orbital at moderate energies. The a,” molecular orbital
at lower energy is the antibonding interaction of 2a,” (1a;")
on B,”~ and la,” of the platinum fragment. The highest
occupied orbital is a degenerate €' set. It consists of the
bonding combination between the B,>~ 3¢’ (I7,) set and
the Pty 2¢’ set. There are also second-order mixings of
platinum d,2_» and d. orbital combinations that have ¢’
symmetry and the resultant molecular orbitals may be
depicted as in 4 and 5. It is

important to realize that 4 and 5 have substantial Pt s char-
acter. In fact the overlap between the 3¢’ fragment orbitals
on B,”™ and the 2¢’ set on Pts, (3¢’12¢’) = 0.279, whereas
(3¢/lle’) = 0.057. Ultimately, the occupation of the Ptz 2¢’

@ Springer



Page 4 of 10

Theor Chem Acc (2012) 131:1091

Fig. 3 The orbital interaction
diagram for interacting a Pt;

triangle with a capping B,*~
unit

fragment orbitals was calculated to be 0.92 electrons. 3a,’
and 2a,” on B,?~ donate 0.82 and 0.36 electrons, respec-
tively, to the Pt;3 fragment. The exact magnitude of these
numbers is not important. The qualitative picture that
emerges is that electron density is transferred from boron to
platinum. We shall have more to say about this in the future.
The molecular a,’ orbital, 6, contains no boron character
and is strongly Pt—Pt antibonding. Notice that occupation of
the molecular 2¢/, a,’ and a,” levels span the range of
electron counts, from 38 to 36, that are of interest in the
solid-state compounds. Notice that all of these MOs have
large contributions of Pt s (and p) character. Finally, we
shall also see remnants of a higher lying set of molecular
orbitals, e” as shown in 7 and 8. Here Pt
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mixes with the le” (m,) set on B,>~. The B-B and Pt-Pt
interactions described above determine the shape of a T3B,
trigonal bipyramidal unit, as well as, the three-dimensional
structure of the solid state.
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3 The one-dimensional Pt;B, chain

To investigate the metal-metal and boron-boron inter-
actions along the c-axis in the Pt;B; 473 unit, we have
performed band calculations for a one-dimensional
B,Pts chain. Two different chains have been consid-
ered: the prototype structure, 9, and the distorted type,
as shown in 10. A breathing motion for 9, as
shown, creates two different types of trigonal

Protoype Distorted

9 10

bipyramids, squashed, and elongated ones. Recall that there
is substantial boron—boron interaction in the experimental
structure, the elongated trigonal bipyramids (illustrated by
the dotted blue line in 10), but no Pt—Pt bonding within the
trigonal bipyramid. However, the reverse is true for the
squashed trigonal bipyramids. Here, it is important to note
that the Pt-B distances were held constant during the
breathing motion. Consequently, the Pt—Pt distance
between trigonal bipyramids does increase on going from 9
to 10. The unit cell for each structure is drawn within the
green dashed rectangle for both structures. We will address
this issue of interlayer metal-metal bonding later. A por-
tion of the band structure for the prototype and distorted
structure are shown in Fig. 4a and b, respectively. Arrows
on the energy scale also indicate the position of the Fermi
level for two electron counts. The wave vector runs from
k=0 (I') to k= m/a (A). Starting with the prototype
structure, the form of the wavefunction for the 2e’ and 2e”
bands is shown in 11. At the T point, 2e” is nothing more
than the ¢” set for the B,Pt;>~ molecule shown in 7 and 8.
The 2¢’ set is akin to molecular 2¢’ (4 and 5) except that it
is primarily Pt s and B p in character. The 2¢” band is

stabilized on going to A, whereas the 2¢’ band is destabi-
lized. If a BPt; unit cell were chosen, 2¢” and 2¢’ are

combined to give one e set which starts at I' being pri-
marily Pt s and ends at A with Pt p. In other words, this
band is simply folded back when the unit cell is doubled.
The same folding back occurs in the 1e/1e” set. These
bands are primarily Pt d in character and correspond to the
molecular le’ set in Fig. 3. One can see in Fig. 4b that the
2¢'/2¢" bands are no longer degenerate at the A point for
the distorted structure; a 0.75 eV band gap is introduced.
With the reduced symmetry induced by the breathing
motion in 9, the 2¢’ and 2¢” bands mix together; a
strongly avoided crossing occurs. The 2¢’ band is stabilized

Energy (eV)

2-
[B,Pt]
[B,Ptg]°

r AT A
k(wave vectors)

Fig. 4 Band structure for the prototype (a) and distorted (b) B,Ptg
chain; the position of the Fermi levels for [B,Pts] and [B2Pt6]27 is
indicated by the arrows
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at the A point, whereas 2e” the band is destabilized.
This is diagramed in 13 and 14. An important portion of the

energetic driving force occurs in the B-B 7 bonding region.
On going to the distorted structure, the 2e” crystal orbitals
gain 7 bonding in the squashed trigonal bipyramids (where
the B-B distance has become short) and lose 7 antibonding
in the elongated trigonal bipyramids. Exactly the opposite
occurs to the 2e’ set in 13 upon distortion to 4e in 14.
Therefore, for [Bthﬁ]% with 68 electrons, the Fermi level
is lowered from —10.17 to —10.52 eV along the distortion
coordinate. This is a classic example of a Peierls instability
at work. The distortion is highly favored for a 68 electron
count that roughly corresponds to the electronic situation in
Ba,;3Pt;B,. But for chains with <66 electrons, the proto-
type structure will be favored. This is due to the destabi-
lization of lower-lying bands. As mentioned in the
fragment orbital analysis of a Pt3B, trigonal bipyramid,
boron p,, p, orbitals are predominant along with Pt s and
Dx» Dy at the Fermi level. Notice that in both structures that
the Pt and B ¢’ orbitals, analogous to the 1€/, 2¢/, and 3¢’
fragment orbitals in Fig. 3 are dominate around the Fermi
level for [B2Pt6]2_.

4 The three-dimensional structure

We are now in a position to study the electronic details for
the full structure in the M, T3B, system. We first start our
discussion with Ba,;;sPt3B,. The alkali metal atoms are
expected to provide an electrostatic potential only and thus
have been deleted from the calculation. The Pt—Pt bond
lengths within each trigonal bipyramid have been chosen to
be 3.09 A, an averaged value of 2.85 and 3.30 A in the

@ Springer
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Fig. 5 The energy versus k plot for Pt;B3~ with the prototype

structure where the Fermi level is indicated by eg

experimental structure. It should be noted that the Pt-Pt
distance between the trigonal bipyramids was 2.65 A as it
is in the experimental structure. Therefore, we expect there
to be considerable Pt-Pt overlap along the c-axis (see
Fig. 2). The Pt-B distances are 2.22 A and B-B distances
(again averaged) are 2.65 A. The band structure is given in
Fig. 5. The Fermi level for Pt;B3”~, given by the arrow
crosses several bands; this material expected to be a metal,
which is accord with experiment [20]. On the band struc-
ture diagram of Fig. 5, four bands have been labeled
according to the D3, symmetry at the I' point. The energy
range between about —11 and —15 eV corresponds to the
15 platinum d bands. This includes le’ which can be
identified with the molecular orbital 1¢’ in Fig. 3 and a,’
which corresponds to molecular a,’ in 6. Because of the
long equatorial distances between platinum atoms, most of
the occupied bands show only a gentle dispersion along the
crystallographic a and b directions. The energy levels of Pt
lie in the region of the energy band where the B—B inter-
actions are bonding ones. This is due to the fact that the
energy of the metal d atomic orbitals lie between the boron
valence 2s and 2p orbitals. This also has been noted in the
TB, (T = Sc, Ti, V, Cr, Mn) system [66]. The greatest
dispersion of the platinum-centered bands run along the
I'-A direction. The crystal orbitals that are important to our
discussion are labeled 2¢’ and 3e¢’. The 2¢’ and 3¢’ sets are
primarily Pt s and p in character mixed in a ¢ bonding way
to boron p. There is also considerable Pt-Pt o overlap
between the trigonal bipyramids in these crystal orbitals. At
I', their energy is lower than that in a discrete trigonal
bipyramid because of inter-unitcell bonding interactions.
At the T point, the 2¢’ band orbitals are comprised of
the 2¢/ HOMO for a discrete trigonal bipyramid (4 and 5)
in Fig. 4. This is shown in 15. The 3¢’ bands lie at
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higher energy along the I' to A line because they consist
primarily of Pt s and p character. Furthermore, they are
only weakly Pt-Pt intercell bonding. Both 2¢’ and 3¢’
orbitals possess €” symmetry at the A point. The 2¢” crystal
orbitals, shown in 16, matchup with the molecular e” set, 7
and 8. This band does rise up much energy because it is
still strongly Pt—Pt ¢ bonding at A. On the other hand, the
3¢’ to 3¢” band is considerably destabilized along the
I' to A because at A the crystal orbital consists

exclusively of Pt p character and is intercell Pt—Pt non-
bonding. The density of states (DOS) plot of this structure
is shown in Fig. 6 for the energy regions around the Fermi
level, eg.

The dashed line indicates the projection of B character
and the dotted line is the projection of Pt s and p AOs. As
indicated by Fig. 5 and 15, there is considerable Pt s, p and
B character just below the Fermi level. The consequence of
this has also been seen in the molecular and one-dimen-
sional models, namely electron density from boron is
donated to platinum and this partially fills the Pt s and
p states. In other words, the formal oxidation state of Pt is
negative. This is then a situation where the energy of
5d AOs on platinum can be raised relative to the 6 s AO in
a calculation, which includes electron—electron interaction
and relativistic corrections [67]. It is this filling of platinum
s and p that reinforces Pt—Pt bonding along the c-axis.
Furthermore, it is the electron deficiency at boron that
allows the formation of B-B ¢ and = bonding again along
the c-axis.

Density of States

-10.0 €f -8.0
Energy (eV)

-12.0

Fig. 6 The density of states versus energy plot for the prototype
Pt;B%~ structure where the dotted line indicates the projection of Pt
s and p orbitals, the dashed line is the projection of B AOs and the
position of the Fermi level is given by eg

We have doubled the unitcell for the investigation of the
electronic structure for Ba,;sPt;B, at the experimental
structure. Recall that the platinum triangles stretch and
contract in the ab plane (see 1 and Fig. 2). Figure 7 shows
band structure along I' to A with the 1¢’-3¢’ bands folded
as the unitcell is doubled. Figure 7a corresponds to the
prototype structure for the selected bands in Fig. 5, which
have been labeled €' for the symmetric and e” for the
antisymmetric combination of the unit cells. The corre-
sponding bands from I'" to A at the experimental structure

Energy (eV)

r AT A
k (wave vectors)

Fig. 7 The state energy versus k plot on going from I' to A for the

prototype (a) and experimental (b) structures where the position of
the Fermi level is given as eg
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are shown in Fig. 7b. Upon distortion, several bands mix
with each other just like in the one-dimensional model. In
particular, the 3¢’ band mixes into le”, which causes the
former to be pushed up in energy around I to give Se. The
latter, 1e”, is stabilized around the T point to give 2e. The
mechanism is analogous to that illustrated in 13 and 14 and
will not be repeated here. The a,’, 2¢’, and 2¢” do not
change much in energy, nor does the position of the Fermi
level. Around the A point, the 2e and le bands are desta-
bilized at the experimental structure compared to le’ and
1e”, respectively, at the prototype due to the development
of metal-boron ¢* interactions. Which geometry is favored
is then a delicate situation that depends upon electron
count. With a 74.67 electron count and 2¢” (4e) fully
occupied, the experimental structure is preferred by
0.25 eV for the three-dimensional Pt(,BﬁB. However,
compounds with <72 electrons that have the 2¢’ band
occupied prefer the prototype structure. For example, with
66 electrons (analogous to OsgB4®7), the prototype struc-
ture is favored by 1.25 eV. The rationale is the following:
The a,’ band in Fig. 7 is analogous to the HOMO in a
discrete Os3B,>~ trigonal bipyramid molecule (see 6). It is
not dispersed along I'-A line since it does not have sig-
nificant overlap along c direction. The corresponding Fermi
level for a 66 electron count is —11.40 eV. So the portion
of the 1e” (2e) band is around A is filled and, of course 1€’
(1e) is totally filled. Both circumstances favor the prototype
structure. Thus, it is expected that the prototype structure
will be more stable for systems with a 66 electron count.

The computed overlap populations of the B-B and Pt—Pt
bonds for the prototype and experimental structures differ
greatly. In the prototype, the B-B overlap population was
0.082. Upon distortion, this raises to 0.245 for the short
B-B distances in the squashed trigonal bipyramids and is
reduced to 0.027 for the elongated trigonal bipyramids. As
a point of reference, the B-B overlap population in B,Hg is
0.309 with a B-B distance of 1.74 A. The Pt—Pt overlap
population along the c-axis was computed to be 0.183 in
the prototype and 0.177 for the experimental structure. For
reference, the Pt—Pt overlap population in Ptz(CNH)éjL was
computed to be 0.335. In this compound, there is an
undisputable Pt-Pt single bond. The Pt-Pt overlap popu-
lations in the ab plane were found to be 0.002 for the
prototype and 0.044 and —0.019 for the elongated and
squashed trigonal bipyramids, respectively, in the experi-
mental structure. In other words, metal-metal bonding is
strong along the c-axis but negligible in the ab plane.

We have analyzed the electronic structure of Os3B237 as
a representative of a CeCosB, type compound. The dis-
persion of the energy bands calculated for the Os;B,>~
lattice along the high symmetry lines of the hexagonal
brillouin zone is similar to that shown in Fig. 5. The major
difference is that the Os—Os distances in the ab plane are

@ Springer

now much shorter as mentioned in the Introduction.
Consequently, there is much more dispersion on going
from I' to K to M. The Os;B,>~ trigonal bipyramid has five
less electrons than Pt;B,°"; hence, the a,’ orbital will be
the highest occupied band, which is a partially occupied
Os-Os ¢* d,y, d>_» combination. This band is also the
most dispersive among the d-block bands. As discussed
earlier, it is constructed from the a,’ molecular orbital, 6.
All the inter-ring Os—Os contacts have an antibonding
interaction as shown in 17 at the I' point and the band
lies at high energy. The a,’ units are partially in-phase with
respect to each other, and consequently, the band is stabi-
lized at the K point. At the M point, the a,’ unitcell orbitals
alternate in their phases along the crystallographic
y direction. The resulting inter-ring Os—Os contacts have
o bonding along the y direction and are nonbonding
along the x direction, so that the bond orbital is

stabilized. The total density of states calculated for the d
block bands and projection of the d,,, d,>_,» orbital are
shown in Fig. 8. The Os d orbitals are concentrated
below —9.9 eV and B p orbitals are predominantly above
—9.9 eV. The Fermi level is at —10.24 eV in an energy
region where boron character is nearly negligible. There
are large contributions of Os d,,, d_,» orbitals at the
Fermi level. The dashed line in Fig. 8§ indicates the

o Y T

Density of States

- > e
b NS S,
* he e

€:-10 -8
Energy (eV)

Fig. 8 The density of states versus energy plot for Os3B,>~ where the
projection of Os d,, along with d,>_y» is given by the dashed line and
the Fermi level is marked eg
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projection of these orbitals. Compared to Pt;B3", there is

not much mixing of Os p into the occupied states. Fur-
thermore, the dominance of metal d contributions in the ac
plane has structural implications that we have referred to
before. Namely, there is weak Os—Os bonding along the
c-axis and strong bonding in the ac plane. The computed
overlap populations reflect this with 0.059 for vertical and
0.121 for equatorial bonds.

Our calculations in this paper are semi-quantitative at
best. It is certainly a difficult (and risky) matter to predict
the structure of solid-state materials. But what we have
demonstrated is that compounds with a low electron count
should have a CeCos3B, type of structure, whereas those
with a larger electron count should possess a structure akin
to BaysPt;B,. To asses this on a more quantitative scale,
we carried out calculations on T¢B{ at both geometries
using Pt parameters for the T atom at different charges, q.
The resulting energy differences are graphically displayed
in Fig. 9. The result is encouraging in that it correctly
predicts compounds with electron counts of 33-34.5 elec-
trons per formula unit should have the CeCo;B, type of
structure, while those with more than 36 electrons per
formula unit should adopt a Ba,;;Pt;B, type of structure.
But this is not the whole story since CeCo3B, itself pos-
sesses 72 electrons in the doubled unit cell and clearly from
Fig. 9 it should be distorted. But to be fair, there are several
M,Rh3B, compounds at the same electron count that do
have the Ba,;Pt3B, structure [15]. Perhaps, the energy
differences in Fig. 9 are exaggerated somewhat and not
only electronic effects but also the size of the alkaline and

30 T T T T T

20 |- 1

10 | ‘ .

Ba,,Pt,B, -

Relative Energy (kcal/mol-unit cell)

-20 I L L I L
66 68 70 72 74

Electron Count

Fig. 9 The calculated energy difference between the CeCos;B, and
Ba,;3Pt3B; type of structure for PtgBJ where q is the charge on the
compound

rare earth cations play a role in setting the structure. We
also hasten to add that there are many other alternatives to
these two structural types [28]; this is an area with a rich
and complicated diversity.

5 Conclusions

The electronic structures of Ba,,;;Pt3B, and LuOs;B, have
been analyzed by means of a molecular Pt;B, fragment and
one-dimensional analogs. Particular attention has been
given to those bands at the Fermi level in both compounds.
Our calculations on Ba,;3Pt;B, show that the states around
the Fermi level primarily consist of Pt s and p character.
There is electron transfer from boron to platinum, so that
there should be a negative oxidation state associated with
the Pt atoms. This electron transfer in turn allows the
formation of B-B dimers and significant Pt-Pt bonding
along the c-axis along with an attendant distortion of the
Kagome net of metal atoms. With fewer electrons, as in
LuOs3B,, this distortion is not expected to occur and
instead there is strong metal-metal bonding in the ab
plane. The Fermi levels for these compounds are domi-
nated by Os d orbitals in the ab plane that are antibonding
with respect to each other.
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