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Analysis of Bonding and d-Electron Count in the Transition-Metal Carbides and
Transition-Metal-Silicide Carbides with Discrete Linear M —C—M Units (M = Cr, Fe, Re)
by Electronic Structure Calculations
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Electronic structures of the silicide carbides ;F&Si,C, ThhReSi,C, and ThFgSIC and the carbide HEr,Cs
were calculated, using the extendedcKel tight binding method, to probe the d-electron counts of their transition
metal atoms M (Cr, Fe, Re) the bonding of their linear8-M (M = Cr, Fe, Re) units. The nature of the short
interlayer %--X (X = C, Si) bonds in TFeSi,C, ThReSiC, and HaCr,C3 was also examined. Our study
shows that the MC bonds of the M-C—M units exist as double bonds. There is significant bonding in the
interlayer Si--Si contacts of the silicide carbidesM,Si,C (M = Fe, Re). The transition-metal atoms exist as
d%ions in TmFeSi,C and ThReSi,C. The d-electron count is slightly lower tha#’dn ThFeSIiC and close

to P in Ho,Cr,Cs.

Introduction the Cr—C bonds of RCr,Cs are also short (e.g., 1.906 A in
Ho,Cr,C3).! The RMX,C compounds (M= Cr, X =C; M =
The structural motif of the transition-metal carbidef£RCs; Fe2 Rfe 32(2 Si) Ffzzonztaizn Iayerz of corgposition M,C. The
- g e e o , Re, .
(R_ = Y, Gd_ Lu) |s_S|m|Iar_to that of the transition-metal M,Si,C layers of the silicide carbides,R,Si.C (M = Fe, Re)
silicide cir7b|des EFeszQ (R —_La, Ce, Nd, Sm, Tb, Dy, T;n, make short interlayer SiSi contacts. They are slightly longer
Lu, Th) *°" and RR&SC (R =V, La—Nd, Gd-Er, Th). than the SiSi bond (2.35 A) in elemental silic8ite.g., 2.592
These compounds contain discrete Imeard?/l_—M (M = Cr, A in TmFeSiCP 2.660 A in DyFeSLC4 and 2.741 A in
Fe, Re)_unlts, s‘j‘h‘?‘t the_lr formulas c_an be written A¥IRM)- ThzRe;Si>C") but much shorter than the van der Waals distance
X2 (M = Clr, Xf_ CdM " Fe,.IR%, X= ?)I)d Linear M-C—M (4.20 AY0 between two silicon atoms. In the®,C; systems,
units are also found in the silicide carbides B%€ (R=Y, however, the shortest-€C distance (3.604 A) between the

8,9 i . . .
Sm, Gd, Tb-Tm, Lu, Th, U);*® and their formulas can be 5 yiacent cic; layers is longer than the van der Waals distance
written as RIMCM)X (M= Fe, X = Si). These R(IMCM)X (3.40 AY° between two carbon atoms.

and R(MCM)X, phases share other common structural features To understand why the MC bonds of the RMSIC and
as_well (see below). Jeltschko_and co-workers showed that RoM,X,C compounds are short, it is necessary to examine the
neither the Cr atoms of the carbides®.C3 nor the Fe atoms nature of bonding in their MC—M units. For the RM,X,C
of the silicide carbides fe;Si,C° carry magnetic moments. g giams it is interesting to investigate why the interlayer Si
This implies that the 3d orbitals of Cr and Fe overlap strongly .g; contacts are shorter than the van der Waals distance, while
with the s/p orbltals_of their ligand atoms and/or that aII_the this is not the case for the interlayer-€C contacts. Our recent
d-block levels are filled completely. In support of the first gy, gjea112showed that the Si 3p orbitals of the phosphosilicides
possibility, the linear M-C—M units of these compounds are MSinPn (M = Cu, Ni, Pt, Co, Rh, Ir, Fé§ 18 act as acceptor
167 ) i | » NI, Pt, Co, Rh, 1, |
found to possess short MC bonds.> " Thus, Jelts_chko and Co- g hitas to the transition-metal d-orbitals and hence make the
workers treate_d the_MC bonds of BMZS'?C (M =Fe, Re) as d-electron count of their transition-metal atoms close 8 d.
double bonds in their electron counting in terms of the 18-elec- (Herein, the term “acceptor orbital” is used from the view-

tron rule. The Fe-C bonds of the silicide carbides Rf3C point of orbital interaction between filled and empty levels, for
are almost ai _short as_g;ose of the Sﬁ'!'.c'de carbu_jg?&zc which the empty orbital that stabilizes the filled orbital lying
(e.g., 1.842 Ain ThFSIC> and 1.802 A in TrFe:SkCY), and  pojoyy is referred to as the acceptor orbil.Thus, it is
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Table 1. Exponentsz and Valence Shell lonization Potentidlg 0 oM
of Slater-Type Orbitalg; Used for Extended Hikel Tight-Binding O
Calculatiort o X
atom Xi Hii (eV) Gi cP g P e C

Cr 4s —8.66 1772 1.0

Cr 4p —5.24 1400 1.0

Cr 3d -—11.2 5.410 0.3830 2.340 0.7367 (a)

Fe 4s —9.10 1925 1.0

Fe 4p —5.32 1.390 1.0

Fe 3d -—12.6 6.068 0.4038 2.618 0.7198

Re 6s —9.36 2346 1.0

Re 6p —5.96 1.730 1.0

Re 5d —12.7 4340 05886 2309 0.5627

C 2s  —19.2 1608 1.0

C 2p -—11.8 1568 1.0

Si 3s —147 1634 1.0

Si 3p —8.08 1428 1.0

aH;’s are the diagonal matrix elemerijg|H®" (] whereH®" is the (b) (C)

effective Hamiltonian. In our calculations of the off-diagonal matrix
elementsHef = [;|Hefy;0) the weighted formula was used. See:
Ammeter, J.; Bugi, H.-B.; Thibeault, J.; Hoffmann, Rl. Am. Chem.
Soc 1978 100, 3686.° Contraction coefficients used in the douldle-
Slater-type orbital.

Figure 1. Structural building blocks of fM2X,C (M = Fe, Re, X=

Si; M = Cr, X = C) and RMXC (M = Fe, X= Si). (a) Tetrahedral
arrangement around the transition-metal M. (b) Perspective view of a
double tetrahedral chain made up of C, M, and X atoms. For simplicity,
the M—C and X--X bonds are omitted (see Figure 2). (c) Projection

important to see if this is true for the silicide carbides FS€ view of the double-tetrahedral chain along the chain direction.

and RM,SiC (M = Fe, Re). If so, the Fe atoms of these
compounds would not carry magnetic moments. In the pres-
ent work, we probed these questions by calculating the elec-
tronic structures of TaFeSi,C, ThReSLC, Ho,Cr,.Cs, and
ThFeSiC based on the extended ¢kel tight binding method®

The parameters of the atomic orbitals employed in our calcula-
tions are summarized in Table?L.

Crystal Structures of R,MX,C and RM,XC

To facilitate our description of the electronic structures of
R:M>X,C and RMXC, it is necessary to consider their crystal (a)
structures briefly. Each transition metal atom M is located at a
tetrahedral site made up of one C and three X atoms (Figure
1la). Each X atom is located at a tetrahedral site made up of
one X and three M atoms such that the M and X atoms form a
double-tetrahedral chain, as depicted in Figure 1b, where the
X---X and M—C bonds are omitted for simplicity. A projection
view of this double-tetrahedral chain along the chain direction
(i.e., the crystallographib-axis direction) can be represented
as shown in Figure 1c. Then, the ;XLC framework of
RoM2X,C results when the double-tetrahedral chains are linked
together by the MC—M and X---X bonds as shown in Figure (b)
2a. The MXC framework of RMXC results when the double-
tetrahedral chains share the X atoms and are linked by the
M—C—M bonds as depicted in Figure 2b. In thexX4C and
M.XC frameworks, every four adjacent double-tetrahedral

chains form a channel running alpng the chain direction, and ThR&SL,C, ThFeSIC, and HeCr,Cs. These levels are grouped
the R atoms are accommodated in these channels. into four s, three p, and two d levels, where the p and d levels
. . . are each doubly degenerate. The nodal properties of the s, p,
Molecular Orbitals of the Linear M —C—M Units and d levels are presented in partcaf Figure 4, respectively.
Figure 3 shows the bottom 14 molecular orbital (MO) levels The main contributor to the sevel is the C 2s orbital, and the
calculated for the MC—M units found in TmFeSiC, C 2s level lies well below the C 2p and the transition methl
levels. Thus, the;devel is well-separated from the remaining
13 levels. The pattern of the top 13 MO levels is similar in
(20) (&) Whangbo. MH.: Hoffmann, KL Am. Chem. Sod978 100 TmyoFeSi,C and ThFgSIC (Figure 3) because their FE—Fe
6397. (b) Our calculations were ;.)erfo.rmed uéing the CAESAR units have Slm”ar.FeC bond Iengths. Th.e top 13 levels .Of
program package (Ren, J.; Liang, W.; Whangbo, M.-H., 1998. For the Re-C—Re unit are spread in a wider energy region
details, see: http://www.PrimeC.com/). compared with those of the F&€—Fe units (Figure 3b). In the
(21) The atomic orbital energies determined by Clementi and Roetti from «r_c_cr unit. the top 10 MO levels occur in a narrow energy
Hartee-Fock calculations were used to have a balanced sgtvafllies. . ’ .
region and are well-separated from the three levels lying below

See: Clementi, E.; Roetti, @tomic Data Nuclear Data Tablek974 :
14, 177. (Figure 3d).

Figure 2. Projection views of (a) the BX,C of R:M2X,C and (b) the
M2XC framework of RMXC along the direction of the double-
tetrahedral chain.

(19) Albright, T. A.; Burdett, J. K.; Whangbo, M.-H. @rbital Interactions
in Chemistry Wiley: New York, 1985.
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Figure 3. 14 low-lying molecular orbital levels calculated for the linear
M—C—M units of (a) TmFeSi.C, (b) ThReSi,C, (c) ThFeSIiC, and
(d) HOzchC;;.

The 01, 0>, andr; orbitals (see Figure 4&c) are bonding
and thed;, 02, andm, orbitals are nonbonding in the MC
bond regions. Therefore, the-MC bond becomes a double bond
when the four bonding MOs are each doubly filled. This double
bond character is maintained until all the six nonbonding MOs
are each doubly filled. Thes, o4, and 3 levels would be
antibonding in the M-C bond regions were it not for the
contributions of ther{ + 1) s/p orbitals of M. The latter atomic
orbitals hybridize the hd orbitals to reduce antibonding in
the M—C bonds. Table 2 summarizes how the overlap popula-
tions of the M—C bonds change as the number of the valence
electrondN on the M—C—M unit increases from 20 to 22 to 24
to 28. WithN = 20, the four bonding and the six nonbonding
levels of M—C—M are doubly filled. WithN = 22, 24, and 28,
the a3, g4, and 3 levels of M—C—M become doubly filled.
The M—C overlap population is nearly unchanged whendhe
level is filled and increases somewhat whendh&vel is filled.

As the 713 level is filled, the overlap population is reduced
essentially to the value found fof = 20. This means that the
M—C bond of the M-C—M unit should be considered as a
double bond even when all thes, 04, and 3 levels are
completely filled. In the latter case, one may regard the
M—C—M unit as consisting of three closed-shell anions, i.e.,
one G and two d° metal ions. Nevertheless, the-ANC bonds
remain strongly bound from the effect of the+ 1) s/p orbitals

of M. In discrete organometallic compounds, the=Cr, Fe=C
and Re=C, double bonds are in the 192.05, 1.68-1.79, and
1.87-2.05 A range, respectiveR?.These values are in support
of our assignment that the MC bond of the M-C—M unit is

a double bond.

(22) Nugent, W. A.; Mayer, J. M., IrlMetal-Ligand Multiple Bonds
Wiley: New York, 1988. Section 5.4.
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Figure 4. Molecular orbitals of the linear MC—M units. (a)o orbitals.
(b) 7 orbitals. (c)d orbitals.

Table 2. Overlap Populations of the MC Bonds in the M-C—M
Units of RM;Si,C (M = Fe, Re), RCr,Cs, and RFeSIC as a
Function of the Number of Valence ElectroNsin the M—C—M
Unit

N TmyFeSi,C ThRe&SI,C Ho,Cr,Cs ThFeSiC
20 0.73 1.02 0.77 0.90
22 0.73 1.02 0.76 0.90
24 0.84 1.06 0.88 0.91
28 0.73 0.99 0.76 0.82

Electronic Structures of RoM>X>C and RMXC

We calculated the electronic structures of ;F@Si;C,
ThyReSi,C, Ho,Cr,Cs, and ThFeSiC using their (F&Si,C)%™,
(ReSiC)8~, (CrCy)®, and (FeSiCY lattices, respectively.
The plots of the total density of states (TDOS), the projected
density of states (PDOS), and the crystal orbital overlap
populations (COOP) calculated for TRe;Si,C, ThReSIiC,
Ho,Cr,C3, and ThFeSiC are summarized in Figures—B,
respectively. The overlap populations calculated for the®/
M—X, X---X, and M---M bonds of these compounds are
summarized in Table 3. It is noted that the overlap populations
of the M---M contacts are very small, although the short-M
-M distances indicate a relatively strong bonding. This is so
because overlap integrals between metal d orbitals are very
small.

Figure 5a shows that all the d-block levels of F&Si,C
lie well below the Fermi level and hence are completely filled.
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Table 3. Overlap Populations and Lengths (in A) of Some Selected
Bonds in RM2X,C and RMXC Systems

bond  TmFeSLC ThReSLC HoCrCs ThFeSiC
M—Ca 0.78 0.78 0.88 0.81
1.802 1.956 1.906 1.842
M—X2b  0.40 0.59 0.57 0.22
2.203(2)  2.453k2) 1.984k2) 2.430k2)
2.340 2.484 2.033 2.447
XeeeX@ 0.44 0.39 0.00
2.591 2.741 3.604
M---M2ab  0.04 0.12 0.02 0.06
2.836 3.001 2.637 2.625
2.786(x2)

aThe overlap populations are given in the first row, and the bond
lengths are listed in the next row($)When several bond lengths are
listed, the overlap population refers to an average value.

Thus, as in the case of the phosphosilicides N\Pgi112 the
d-electron count for FE&Si;C is close to d? Figure 5b reveals
that the C 2p contribution occurs primarily below the Fermi
level and the Si 3p orbital contribution primarily above the Fermi
level. This supports the ionic descriptiod Cbut not St~. The
PDOS plots for the C 2p and the Fe 3d orbitals have two sharp
peaks aroune-13.5 eV. The lower and upper peaks are related
to theo, andr; levels of the Fe-C—Fe unit, respectively. The
broad PDOS peak of the C 2p orbitals betweet? and—10

eV is associated with thes, 04, andms levels of the FeC—Fe
unit. The COOP plot of the FeC bond exhibits two sharp
bonding peaks around13.5 eV (Figure 5c¢), which are related
to the o, and themw; levels, respectively. The COOP plot for
the Fe-Si bonds shows bonding character even in the energy
levels lying above the Fermi level. This, together with the PDOS
plot of the Si 3p levels in Figure 5b, reveals that the Si 3p levels
act as acceptor levels to the Fe 3d orbit&l:1°Figure 5d shows
that except for the narrow energy region around5 eV, all

the occupied energy levels are bonding in the-Si bonds.
Indeed, Table 3 confirms that the-85i bond has a substantial
bonding character.

The comparison of Figures 5 and 6 shows that the electronic
structure of ThReSiC is similar to that of TraFeSiC. In
essence, almost all the d-block levels of Re are occupied and
lie below the Fermi level (Figure 6a). To a first approximation,
the d-electron count for Re is close t&dCompared with the
case of TmFeSI,C, the d-orbital contributions are spread in a
wider energy region and so are the top 13 MO levels of the
Re—C—Re unit (Figure 3b). The PDOS peaks related todhe
andu levels of the Re-C—Re unit (Figure 6a,b) lie about 1
eV lower than the corresponding peaks of F@Si,C, as also
found for the MOs of the M-C—M units (Figure 3a,b). The C
2p orbital contribution is strong in the energy regions of dhe
andur; levels (Figure 6b) and lies mostly below the Fermi level.
However, compared with the case of JF&Si,C, a somewhat
stronger C 2p orbital contribution is present above the Fermi
level in ThhReSiLC (Figure 6b). The ReC bond is strongly
binding in the energy regions of the and; levels (Figure
6c), and it becomes antibonding in the region of the Fermi level.
The St--Si bond is bonding in nearly all the occupied energy
levels and immediately above the Fermi level (Figure 6d), as
in the case of TrF&SiLC. Table 3 shows that the SiSi bond
has a substantial bonding character. The-fRe and Re Si
bonds of ThReSi,C have considerably greater overlap popula-
tions than do the FeFe and Fe-Si bonds of TraFeSi,C.

Ho.Cr,Csz has two nonequivalent carbon atoms, C(1) and
C(2). The C(1) atoms form the linear €€—Cr units, while
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the C(2) atoms correspond to the Si atoms of the silicide carbidesrigure 5. TDOS, PDOS, and COOP plots calculated forFaSi,C.
R:M,Sib,C (M = Fe, Re). Figure 7 shows that the electronic The units are in electrons per unit cell.
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Figure 6. TDOS, PDOS, and COOP plots calculated foeR&SI,C.

The units are in electrons per unit cell.
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structure of the carbide HEr,Cs is quite different than those

of the silicide carbides Tpre,Si,C and ThReSi,C. Nearly
half the d-block levels of HgCr,Cz are empty (Figure 7a), and
nearly a third of the C 2p levels is empty for both C(1) and
C(2) (Figure 7b). The CrC(1) and CrC(2) bonds are strongly
antibonding above the Fermi level (Figure 7c). The &(£)2)
contact shows antibonding character in the energy region well
below the Fermi level and so does the-@Cr bond (Figure
7d). Table 3 shows that there is no bonding in the €{2)2)
contact, as expected from its long distance (i.e., 3.60 A).

The electronic structure of ThE®IC has many features
common to those found for TsRe,Si,C. A notable difference
between the two is that whereas almost all Fe 3d and C 2p
orbital contributions lie below the Fermi level in BFeSi,C
(Figure 5a,b), small Fe 3d and C 2p orbital contributions occur
above the Fermi level in ThE8iC (Figure 8a,b). The latter is
due to the fact that the energy levels associated with the high-
lying orbitals of the Fe-C—Fe unit (e.g.,03, 04, and ) are
not completely occupied. This in turn reflects that THHE
has one less acceptor atom (i.e., Si) perEe-Fe unit than
does TmFeSIi,C.

Discussion

The electronic structures of TeSiHLC and ThReSi,C
show that to a first approximation, the 14 MO levels of each
M—C—M (M = Fe, Re) unit are completely occupied. From
the viewpoint of ionic electron counting, each-NC—M unit
can be regarded as an (\C—M)"~ anion @ = 8 for Fe, and
10 for Re) consisting of three closed-shell ions, i.e., ode C
and two d° metal ions. Nevertheless, the-MC bonds of the
(M—C—M)"~ anions possess a double bond character because
the (W + 1) s/p orbitals of M not only enhance the bonding
interaction but also reduce the antibonding interaction between
the nd orbitals of M and the C 2s/2p orbitals. The presence of
the (M—C—M)" anions in the silicide carbides TFe,Si,C
and ThReSI,C is possible because the Si 3p orbitals lie above
and hence act as acceptor levels to the 14 filled MOs of the
(M—C—M)"" anions. In terms of the (FeC—Fe}~ and (Re-
C—Re)%" anions, the charge balances for F&Si,C and
ThReSib,C are given by (Tri")y(Fe—C—Fef~(Sit), and
(Th*")2(Re—C—Re)%=(Si),, respectively. The formal charge
+1 on silicon in this electron counting is consistent with the
observations that the Si 3p orbitals act as acceptor orbitals and
that the Si 3p contribution to the filled energy levels is weak.

If ThFe;SiC is assumed to have the (FE—Fe}~ anion, its
charge balance is written as (fi(Fe—C—Fef~(Si**). How-
ever, if the acceptor strength of Si in ThS&C is assumed to
be similar to that in TFeSiC, then the charge balance of
ThFeSIC can be given by (TH)(Fe—C—Fef~(Si"). The latter
implies that the top portion of the 14 MO levels of the-e
C—Fe unit is empty. This is consistent with the electronic
structure of ThF&SIC.

The C 2p level lies lower than the top 10 levels of the-Cr
C—Cr unit (Figure 3d). Thus the C(2) atoms of #@,Cz cannot
act as an acceptor to the-©€—Cr unitsi® Consequently, the
14 MO levels of the C-C—Cr unit cannot be populated as
strongly as are those of the MC—M (M = Fe, Re) units in
the silicide carbides. For the electron counting obEIRC;, it
is convenient to rewrite its formula as HE&r—C—Cr)C,. If
the usual oxidation state*Cfor carbon is adopted for the C(2)
atoms, the charge balance of #6r—C—Cr)C; is written as
(Ho®),(Cr—C—Cr)2"(C*"),. The charge balance on the (€r
C—Cr)?" unit indicates that half the 14 MOs of the-©€—Cr
unit are unoccupied. As shown in Figure 7b, the C(1) and C(2)
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atoms both have a substantial amount of their C 2p contributionsthe charge balance for TRe;Si,C can be written as (T1)-

above the Fermi level. If the formal chargé s used for the
C(1) and C(2) atoms, then the charge balance ofGHs
becomes (H®"),(Cr-5M),(C% )3, thereby giving rise to the
d-electron count 4P for Cr. This picture is consistent with our
finding that nearly half the d-block levels are unoccupied in
Ho,Cr,C; (Figure 7a).

In the silicide carbides ®/1,Si,C (M = Fe, Re), the interlayer

(ReM),(Si—Si)f~(C*"), according to the CEC scheme and as
(Th*M),(Re¥)o(Si—Si)2T(C*), according to the MEC scheme.
The charge balance for ThiRiC is written as (TH")(F&)2-
(Si*7)(C*), according to the CEC scheme. The Si 3p level lies
higher, but Si 3s level lies lower, than the Fe 3d Ie¥el.
Therefore, the 3i ion has only six electrons available for
electron transfer to fill the four empty d-block levels of two

Si-+-Si distances are significantly shorter than the van der Waals FE" ions. Thus, the charge balance for TB€ is given by
distance. The p-block levels of the Si atoms are nearly empty (Th*")(Fe ),(Si#*)(C*"), according to the MEC scheme. From

in the silicide carbides so that the formation of the shott-Si
contacts in RM,SiC manifests the tendency for electron
deficient centers to aggregate togetferdn contrast, the
interlayer C(2)--C(2) distances in the carbides®,Cs are

the viewpoint of the FeC—Fe unit, this picture implies
(Fe—C—Fef~. The latter in turn means that one of the doubly
degenerateglevel of the Fe-C—Fe unit is empty. This picture
is consistent with the electronic structure of TH5E described

longer than the van der Waals distance. The p-block levels of above.

the C(2) atoms are almost completely filled in the carbides
R,Cr,Cs, so that the occurrence of the long G¢2E(2) contacts
in R.Cr,C;3 reflects the tendency for electron-rich centers to stay
far apart?®

Let us now examine the electronic structures of,FeaSi,C,
ThoReSiC, and ThF&SIC from the viewpoint of the modified
electron counting (MEC) scheme proposed receiitf.To a
first approximation, the interlayer §iSi bond of TmFeSi,C

Concluding Remarks

Our study shows that the MC bonds of the discrete linear
M—C—M (M Cr, Fe, Re) units in the compounds
RoFeSiC, RReSiC, RFeSIC, and RCrC; should be
regarded as double bonds. This supports the double-bond
description given by Jeitschko and co-workerfor the Fe-C
and Re-C bonds of RFeSi,C and RReSi,C. The 14 MOs

may be treated as a single bond since its overlap population isof the linear M-C—M units in RF&Si,C and RR&SiC are
substantial. Then, according to the conventional electron count-completely filled because the Si 3p levels act as acceptor levels

ing (CEC) scheme, in which the electron pair of a metigand

bond is counted as the lone pair belonging to the ligand atom,

to these MOs. This leads to thé%clectron count for the Fe
and Re atoms. The same conclusion is reached by using the

the formal charges on the main group units are given by MEC scheme. The electrons around the Fermi level of these

(Si—Si)®~ and C~. Therefore, the charge balance of Fe-
Si,C is written as (Tri")(FE),(Si—Si)f(C*). The formal
charge F&" implies that two d-block levels per Fe are empty,
and the (StSi)®~ anion implies that its six lone pair levels are
completely filled. The Si lone pair level lies higher than the Fe
d-block level?! Thus, according to the MEC scherfié? eight
electrons should be transferred from the<{Si)é~ anion to fill
the four empty d-block levels of the two ¥ecations per
formula unit. This leads to the charge balance ¥T)3(Fe )~
(Si—Si)27(C*) for TmyFeSi,C, which is equivalent to the
(Tm3+),(Fe—C—Fef~(Si™), picture discussed above. The
(Si—Si)?* ion has six lone pair levels with four electrons in

them. Thus, the MEC scheme predicts that the frontier orbitals

of TmyFeSi,C are given by the Silone pair levels, in agreement
with the electronic structure of T#ReSi,C. In a similar manner,

(23) Reference 19, Chapter 7.

compounds have largely the character of the Si 3p orbitals. The
d-electron count for the Fe atoms of ThB&C is slightly lower

than d9 because ThR&IC has one less acceptor atom (i.e.,
Si) per Fe-C—Fe unit than does TsreSib,C. The interlayer
Si---Si distances of the silicide carbidesN\®&Si,C (M = Fe,

Re) are significantly shorter than the van der Waals distance
because the p-block levels of the Si atoms are nearly empty.
The interlayer &-C distances of the carbides®&-,C; are longer
than the van der Waals distance because the p-block levels of
the carbon atoms are almost completely filled.
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