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The novel carbidonitridosilicates Ho2[Si4N6C] and Tb2[Si4N6C] were obtained by the reaction of the respective

lanthanoid metal with carbon and Si(NH)2 in a radiofrequency furnace at the temperature of

1700 uC. According to the single-crystal structure analysis of Ho2[Si4N6C] (P21/c, Z~4, a~593.14(1),

b~989.74(1), c~1188.59(2) pm, b~119.58(4)u, R1~0.0355, wR2~0.0879, 2187 F2 values, 119 parameters) the

compound contains a condensed network of corner-sharing star like [C(SiN3)4] units. The holmium ions are

situated in channels along [100]. The UV–VIS absorption spectrum of Ho2[Si4N6C] shows the typical Ho3z

absorption bands. The spectroscopic results show that the 4f states remain almost unaffected by the

coordination sphere and thus it is impossible to distinguish between the two crystallographic sites of Ho3z in

the UV–VIS spectrum. Magnetic susceptibility measurements of Tb2[Si4N6C] and Ho2[Si4N6C] show Curie–

Weiss behaviour above 150 K with experimental magnetic moments of 9.57(6) mB/Tb and 10.27(4) mB/Ho. The

Weiss constants are 215(1) K and 211(1) K for the terbium and holmium compounds, respectively. Down to

2 K no magnetic ordering could be detected. The magnetization curves at 2 K show an increase of the

magnetization with increasing flux density, indicating partial parallel spin alignments. At 5 T the magnetizations

reach values of 4.15(5) mB/Tb and 4.75(5) mB/Ho, respectively.

Introduction

Recently, quaternary nitrogen atoms (N[4]) have been identified
in the nitridosilicate series MYb[Si4N7] (M~Ba, Sr, Eu)1–3 and
in Er6Si11N20O type oxonitridosilicates4,5 which connect four
neighbouring tetrahedral Si centres. All previously investigated
nitridosilicate network structures are built up from alternating
Si and N, with the nitrogen atoms being negatively polarized.
In contrast the unprecedented structural motif NSi4 exhibits an
ammonium character and thus the N[4] atoms carry a formally
positive charge. It seems promising to replace the fourfold
coordinated nitrogen by carbon in order to introduce carbon
bridges into nitridosilicate network structures. This replace-
ment may lead to better mechanical properties because of the
higher covalency of the Si–C bond compared with Si–N. So
far no crystalline Si–(C/N) network structures with anionic
carbon are known, however recently the silicon carbodiimides
SiC2N4 and Si2CN4 have been found. These compounds are
structurally related to SiO2 and Si2N2O, respectively, with a
substitution of O by NCN groups.6,7 In this context the new
super-hard cubic compound BC2N has to be mentioned as
well.8

The novel compound Ho2[Si4N6C] by serendipity was
obtained in very low yield as a byproduct of Ho6[Si11N20O]
when the synthesis was carried out in graphite crucibles. After
stoichiometric addition of graphite to the reaction mixture
Ho2[Si4N6C] was obtained as a single-phase product.

We chose the term ‘‘carbidonitridosilicate’’ to emphasise the
character of the Si4z(N32,C42) network, i.e. a substitution of
N32 by C42 in nitridosilicates. The prefix carbo would suggest
a positively charged carbon atom as found in carbodiimides
and would mean that carbon substitutes Si4z and acts thus
as a C4z like in the intensively discussed silicon carbonitrides.

Experimental procedure

Synthesis of silicon diimide ‘‘Si(NH)2’’

Using ‘‘Si(NH)2’’ instead of the relatively inert Si3N4 as starting
material proved to be advantageous for the synthesis of
nitridosilicates and this also holds for sions and sialons.9–11

‘‘Si(NH)2’’ was obtained by ammonolysis of SiCl4 in NH3

(278 uC) followed by a thermal treatment at 600 uC under an
atmosphere of NH3 (see eqn. (1)).

SiCl4z6NH3 ?
{780C

NH3 atmosphere
Si(NH)2z4NH4Cl

?
6000C,{NH4Cl

NH3 atmosphere
Si(NH)2

A detailed description of the synthesis of ‘‘Si(NH)2’’ is given
in ref. 11. ‘‘Si(NH)2’’ was obtained as an X-ray amorphous and
relatively undefined but reactive product which is converted to
amorphous Si3N4 at temperatures above 900 uC. It is an
important precursor for the technical production of Si3N4

ceramics.12

Synthesis of Ho2[Si4N6C] and Tb2[Si4N6C]

In an argon filled glove box 44.8 mg (0.272 mmol) holmium
metal (Chempur, 99.9%), 50.0 mg silicon diimide and 1.2 mg
(0.10 mmol) graphite (Merck, purest) were thoroughly mixed
and transferred into a graphite crucible (Conradty Mechanical
& Electrical GmbH, spec. B 497 XN). The synthesis of
Ho2[Si4N6C] (see eqn. (2)) was performed in a previously
described radiofrequency furnace under a purified nitrogen
atmosphere. The mixture was heated to 900 uC within 5 min

(1)

3300 J. Mater. Chem., 2001, 11, 3300–3306 DOI: 10.1039/b106533p

This journal is # The Royal Society of Chemistry 2001

D
ow

nl
oa

de
d 

by
 L

ud
w

ig
 M

ax
im

ili
an

s 
U

ni
ve

rs
ita

et
 M

ue
nc

he
n 

on
 3

0 
Ja

nu
ar

y 
20

13
Pu

bl
is

he
d 

on
 0

1 
N

ov
em

be
r 

20
01

 o
n 

ht
tp

://
pu

bs
.r

sc
.o

rg
 | 

do
i:1

0.
10

39
/B

10
65

33
P

View Article Online / Journal Homepage / Table of Contents for this issue
brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Universität München: Elektronischen Publikationen

https://core.ac.uk/display/216437489?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://dx.doi.org/10.1039/b106533p
http://pubs.rsc.org/en/journals/journal/JM
http://pubs.rsc.org/en/journals/journal/JM?issueid=JM011012


and maintained at this temperature for 25 min before further
heating to 1600 uC within 12 h. Then the temperature was
raised to 1700 uC in 30 h and cooled down to room temperature
within 30 min. More details about the experimental setup are
given in ref. 11 and 13. Ho2[Si4N6C] was obtained as coarsely
crystalline yellowish or pink powder (see optical properties).

2Hoz4Si(NH)2zC ?
17000C

N2, r:f : furnace
Ho2½Si4N6C�zN2z4H2 (2)

By an analogous synthesis with 39.5 mg (0.249 mmol) terbium
metal (Chempur, 99.9%), 58.6 mg silicon diimide and 19.5 mg
(1.63 mmol) graphite (Merck, purest) in a tungsten crucible the
terbium compound Tb2[Si4N6C] was obtained.

The quantitative elemental analysis (Pascher, Remagen) was
found to fit well to the theoretical values (in parentheses): Ho
61.6 weight% (61.4%), Si 20.0% (20.8%), N 15.5% (15.6%), C
2.0% (2.2%).

UV–VIS measurements

For the measurements of UV–VIS absorption spectra in
reflection geometry a Hitachi U-3501 spectrophotometer was
used. The spectra were recorded at room temperature between
300 nm and 700 nm. Below 300 nm the background absorption
of the object slide on which the samples were fixed grew
rapidly.

Magnetic measurements

Magnetic susceptibility measurements were performed on
polycrystalline and single-phase samples (6.288 mg Tb2[Si4-
N6C] and 12.22 mg Ho2[Si4N6C], respectively) by use of a
MPMS XL SQUID magnetometer (Quantum Design, Inc.) at

temperatures between 2 and 300 K and with magnetic flux
densities up to 5 T. The measurements were carried out in thin-
walled silica tubes.

Crystal structure analysis and lattice energy
calculations

X-Ray diffraction data of the title compound Ho2[Si4N6C]
were collected on a Kappa CCD area detector diffractometer
(Nonius) equipped with a rotating anode. According to the
observed extinction conditions of the monoclinic lattice (all
reflections h0l with l~2n, 0k0 with k~2n and 00l with l~2n)
the space group P21/c (no. 14) was chosen; because of the
apparent similarity of the powder diffraction patterns of
Ho2[Si4N6C] and BaYb[Si4N7] (space group P63mc, no. 186) a
symmetry reduction was taken into account and therefore the
space group P21 (no. 4) was also considered.

The structure solution and refinement was only possible
choosing space group P21/c. The crystal structure of
Ho2[Si4N6C] was solved by direct methods using SHELXTL14

and refined with anisotropic displacement parameters for all
atoms. The relevant crystallographic data and further details of
the X-ray data collection are summarised in Table 1. Table 2
shows the positional and displacement parameters for all
atoms. In Table 3 selected interatomic distances and angles are
listed. Furthermore all reflections detected by X-ray powder
diffraction (Stoe Stadi P) of single-phase Ho2[Si4N6C] were
indexed and their observed intensities are in good agreement
with the calculated diffraction patterns based on the single-
crystal data. The Rietveld refinement of the lattice parameters
was performed with the program GSAS.15 The powder
diffraction pattern of Ho2[Si4N6C] is shown in Fig. 1.

Table 1 Crystallographic data of Ho2[Si4N6C] and Tb2[Si4N6C] (e.s.d.s in parentheses)

Crystal Data
Ho2[Si4N6C] F(000)~952
M~2153.16 g mol21 r~5.892 g cm23

Monoclinic Mo-Ka radiation
space group P21/c (No. 14) l~71.073 pm
a~593.14(1) pm m~26.61 mm21

b~989.74(1) pm T~293(2) K
c~1188.59(2) pm Needle
b~119.58(4)u 0.15060.05060.040 mm3

V~606.82(2)6106 pm3 Yellow/pink (depending on light)
Z~4

Data Collection
Nonius KappaCCD area detector Measured octants: all
Absorption correction: numerical (y-scans) h~28A8
Tmin~0.0282; Tmax~0.1377 k~214A14
Rint~0.0905 l~217A15
2hmax~64.9u 2187 independent reflections

2131 observed reflections (Fo
2
¢2s(Fo

2))

Refinement
Refinement on F2 Program used to refine structure: SHELXL-97
R1~0.0355 (all data) w21~s2Fo

2z(xP)2zyP; P~(Fo
2z2Fc

2)/3
wR2~0.0879 (all data) Weighting scheme (x/y) 0.0316/7.0620
GooF~1.276 Extinction coefficient: 0.0031(2)
31309 measured reflections Min. residual electron density: 24.715 e Å23

119 parameters Max. residual electron density: 2.205 e Å23

Powder Diffraction (Rietveld Refinement of the lattice parameters)
Ho2[Si4N6C] Tb2[Si4N6C]
a~592.57(2) pm a~594.47(5) pm
b~989.41(3) pm b~993.19(3) pm
c~1187.16(4) pm c~1193.48(4) pm
b~119.691(2)u b~120.066(9)u
V~604.65(4)6106 pm3 V~609.84(8)6106 pm3

wRP~0.056 wRP~0.060
RP~0.044 RP~0.048
RF

2~0.041 RF
2~0.059

RF~0.031 RF~0.037
x2~5.87 x2~1.48
845 reflections (2hmax~50.0u) 1794 reflections (2hmax~60.0u)
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CCDC reference number 412000. See http://www.rsc.org/
suppdata/jm/b1/b106533p/ for crystallographic files in CIF or
other electronic format.

The lattice parameters of isotypic Tb2[Si4N6C] were also
obtained from a Rietveld refinement.15 As expected the larger

Tb3z ions (as compared to Ho3z) lead to a three-dimensional
expansion of approximately 3–5% per axis of the unit cell.

RE2[Si4N6C] (RE~Tb, Ho) crystallise in a new structure
type which can be derived from the BaYb[Si4N7] structure by
chemical twinning (see under crystallographic classification).
Recently, Thompson et al.16 postulated La2[Si4N6C] with the
orthorhombic lattice parameters a~10.1276(10), b~
10.5667(16) and c~6.0321(6) pm, directly deriving from the
structure of BaYb[Si4N7]. Ho2[Si4N6C] and Tb2[Si4N6C]
crystallise unequivocally in a monoclinic cell and exhibit a
significantly different structure.

Due to their identical electronic configurations and their very
similar atomic form factors the unequivocal differentiation of
N32/C42 by X-ray diffraction is not reliable. Therefore the
assignment of the Ho, Si, N and C atoms to their crystal-
lographic positions in Ho2[Si4N6C] was checked by lattice
energy calculations using the MAPLE concept (MAPLE~
Madelung Part of Lattice Energy).17–19 The results of these
calculations are summarised in Table 4. They are in very good
agreement with the expected data.

Further details of the crystal structure investigations
reported in this paper may be obtained from the Fachinfor-
mationszentrum Karlsruhe, D-76344 Eggenstein-Leopoldshafen,
Germany, by quoting the depository number CSD – 412000.

Results and discussion of the structure refinement

Ho2[Si4N6C] consists of a three-dimensional network of con-
densed SiN3C tetrahedra. The carbon atom connects four Si
tetrahedral centres to form a star like unit [C(SiN

½2�
3 )4] (Figs. 2

and 3). These units are connected sharing their N[2] atoms
(which link two tetrahedral Si centres) to form two types of
layers perpendicular to [001] with diametrical orientation of the
SiN3C tetrahedra (Fig. 4). Along [001] these two types of layers

Table 2 Atomic coordinates and anisotropic displacement parameters for Ho2[Si4N6C] (e.s.d.s in parentheses). All atoms occupy the 4e site of space
group P21/c

atom x y z U11 U22 U33 U23 U13 U12 Ueq

Ho(1) 0.33162(5) 0.56439(3) 0.09506(3) 99(2) 132(2) 99(2) 222(1) 59(2) 232(1) 106(1)
Ho(2) 0.66039(5) 0.41486(3) 0.41946(3) 95(2) 90(2) 88(2) 9(1) 57(2) 20(1) 86(1)
Si(1) 0.0051(4) 0.4804(2) 0.2492(2) 86(7) 69(7) 91(7) 7(6) 55(6) 25(6) 77(3)
Si(2) 0.1654(4) 0.2137(2) 0.4207(2) 74(8) 89(8) 76(7) 28(6) 45(6) 0(6) 76(3)
Si(3) 0.2018(4) 0.2059(2) 0.1763(2) 89(7) 86(8) 83(7) 23(6) 55(6) 24(6) 80(3)
Si(4) 0.6767(4) 0.2281(2) 0.1590(2) 80(8) 86(7) 86(8) 23(6) 50(7) 2(6) 80(3)
N(1) 0.043(2) 0.2110(8) 0.0089(6) 136(26) 256(30) 73(21) 211(21) 76(20) 285(23) 145(11)
N(2) 0.059(2) 0.0456(6) 0.3995(6) 83(21) 87(22) 117(22) 23(18) 56(18) 4(18) 93(9)
N(3) 0.241(2) 0.0356(6) 0.2234(6) 112(22) 70(21) 128(22) 1(18) 69(19) 8(18) 99(9)
N(4) 0.507(2) 0.2910(7) 0.0016(6) 70(21) 153(24) 110(22) 33(19) 34(18) 211(19) 115(9)
N(5) 0.517(2) 0.2646(6) 0.2452(6) 83(23) 124(25) 143(24) 218(18) 71(20) 228(18) 111(10)
N(6) 0.699(1) 0.0532(6) 0.1373(6) 60(20) 93(23) 109(22) 14(17) 26(18) 4(17) 95(9)
C(1) 0.022(2) 0.2916(7) 0.2519(6) 68(23) 40(21) 121(24) 2(19) 48(20) 1(18) 76(9)

The anisotropic temperature factor is given as exp[22p2(U11h2a*2z…z2U13hla*c*)]. Ueq is defined as one third of the trace of the orthogona-
lized Uij tensor.

Table 3 Selected interatomic distances/pm and angles/u for Ho2[Si4-
N6C] (e.s.d.s in parentheses)

Ho(1) –N(4)[2] 231.9(6)
–N(2)[2] 234.3(5)
–N(2)[2] 235.8(5)
–N(3)[2] 240.2(5)
–N(5)[2] 257.9(6)
–Ho(1) 366.48(6)
–Ho(2) 366.57(4)
–Ho(1) 389.57(6)

Ho(2) –N(1)[2] 233.3(6)
–N(6)[2] 233.9(5)
–N(5)[2] 234.2(6)
–N(3)[2] 237.5(5)
–N(6)[2] 250.2(5)
–N(4)[2] 261.0(6)
–Ho(1) 347.45(4)
–Ho(1) 366.57(4)
–Ho(2) 370.44(6)
–Ho(2) 388.86(6)

Si(1) –N(3)[2] 173.1(6)
–N(2)[2] 173.8(6)
–N(6)[2] 175.2(6)
–C(1)[4] 187.1(6)

Si(2) –N(1)[2] 171.5(6)
–N(2)[2] 175.3(6)
–N(4)[2] 176.2(6)
–C(1)[4] 191.3(6)

Si(3) –N(5)[2] 173.1(6)
–N(1)[2] 173.1(6)
–N(3)[2] 175.5(6)
–C(1)[4] 189.8(6)

Si(4) –N(5)[2] 174.1(6)
–N(4)[2] 174.4(6)
–N(6)[2] 176.6(6)
–C(1)[4] 189.3(6)

C(1) –Si(1)[4] 187.1(6)
–Si(4)[4] 189.3(6)
–Si(3)[4] 189.8(6)
–Si(2)[4] 191.3(6)

Si–C[4]–Si 104.7(3)–118.5(3)
Si–N[2]–Si 111.9(3)–124.1(3)
N[2]–Si–N[2] 103.3(3)–113.5(3)
C[4]–Si–N[2] 105.7(3)–113.2(3)

Fig. 1 Powder diffraction pattern of Ho2[Si4N6C], Mo-Ka1 radiation.

3302 J. Mater. Chem., 2001, 11, 3300–3306
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are alternately connected by further N[2] atoms like chemical

twins (Fig. 4) to build the three-dimensional condensed net-

work 3
‘[Si

½4�
4 N

½2�
6 C

½4�
1

62]. By this chemical twinning the polar

character of the 3
‘[Si

½4�
4 N

½2�
6 N

½4�
1

52] network in MYb[Si4N7]

with M~Sr, Ba, Eu is lost. Therefore, Ho2[Si4N6C] exhibits no

SHG (second harmonic generation) activity in contrast to

MYb[Si4N7].20

The Si–N bond lengths (171.5(6) pm–176.6(6) pm) are in the
typical range for nitridosilicates and the Si–C distances
(187.1(6) pm–191.3(6) pm) agree well with those in wurtzite
type silicon carbide (188 pm–190 pm)21 and in U3Si2C2 which
contains a Si–C dumbbell (193(2) pm).22 The carbon atom is
tetrahedrally coordinated by four silicon atoms (Fig. 2). The
Si–C–Si angles vary between 104.7(3)u and 118.5(3)u, the Si–
N[2]–Si angles range between 111.9(3)u and 124.0(3)u and the
N[2]–Si–N[2] angles between 103.3(3)u–113.5(3)u.

The Ho3z ions are situated in channels formed by 6-rings
along [100] as shown in Fig. 4. The Ho–N coordination dis-
tances vary in the range 231.9(6)–257.9(6) pm for Ho1 and
233.3(6)–261.0(6) pm for Ho2. Ho1 is coordinated by five
nitrogen atoms and Ho2 by six (distorted octahedron), respec-
tively (Fig. 5). The observed distances are in fair agreement
with the coordination situation found in holmium nitrides
(228–254 pm).23

Crystallographic classification

The network of BaYb[Si4N7] was characterised as a stacking
variant of wurtzite type AlN.1,2 By systematic elimination of Si
6-ring channels along [100] are formed. The metal atoms are
situated in these channels. The close structural relationship
between BaYb[Si4N7] and Ho2[Si4N6C] is emphasised by
comparing the frequency distribution (i.e. the cycle-class
sequence24 for n~1, 2, 3...) of SinXn ring sizes (X~N, C) of

Table 4 Results of the MAPLE calculations for Ho2[Si4N6C] and increment calculations in kJ mol21; D~difference

Ho(1) Ho(2) Si(1) Si(2) Si(3) Si(4) N(1) N(2) N(3) N(4) N(5) N(6) C(1)
4347 4547 9932 9785 9772 9764 5445 5502 5480 5429 5433 5475 9429

MAPLE(2 HoNzSi3N4zSiCwurtzite)/kJ mol21 MAPLE(Ho2Si4N6C)/kJ mol21

90497 90383, D~0.1%

Typical partial MAPLE values (in kJ mol21): Ho3z: 3900–4550; Si4z: 9000–10200; N32: 5000–6000; C42: 8700–9700

Fig. 2 CSi4 tetrahedron, view along [100], the displacement ellipsoids
represent 95% probability.

Fig. 3 Star like unit [C(SiN3)4]. The SiN3C tetrahedra are shown as
closed polyhedra. Carbon and nitrogen are shown as solid black and
grey circles, respectively.

Fig. 4 View of the Ho2[Si4N6C] structure along [100]; layers 1 and 2
perpendicular to [001] formed by C(SiN3)4 units show ‘‘chemical
twinning’’ by inversion at the centre of the unit cell; the SiN3C
tetrahedra are shown as closed polyhedra. Carbon and nitrogen are
shown as solid black and grey circles, respectively. The metal atoms are
shown as grey circles with black rings; the arrows indicate the
diametrical orientation of both layers.

Fig. 5 Coordination of the holmium atoms in Ho2[Si4N6C], the
displacement ellipsoids represent 95% probability.

J. Mater. Chem., 2001, 11, 3300–3306 3303
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both networks (Table 5). According to the differing unit cell
contents (Z~2 for MYb[Si4N7] and Z~4 for Ho2[Si4N6C]) the
cycle-class sequences of both structure types are related by a
factor of two.

The network structure of [Si4N6C]62 can be derived from this
arrangement by substitution of all N[4] by C[4] and by chemical
twinning25 perpendicular to [001] performing a symmetry
operation on an inversion centre. In the resulting structure
layers of [C(SiN3)4] units with diametrical orientation alternate
along [001] (Fig. 4). In BaYb[Si4N7], analogously to the
wurtzite structure type, the Si3N3 rings are found to be in a
chair conformation perpendicular to the c axis and in a boat
conformation along the c axis. Due to the twinning all Si3N2C
rings in RE2[Si4N6C] exhibit a slightly distorted boat or half
boat conformation, respectively (Fig. 6). Since the boat
conformation is more appropriate for ionic networks, it is thus
favourable for the herein described [Si4N6C]62 network, as the
higher charges (C42 compared with N32) are better compen-
sated.

Optical properties

Nitridosilicates have proven to be suitable host lattices for
high temperature stable phosphors such as Ba2Si5N8 : Eu or
LaSi3N5 : Eu.26,27 Ho3z is an interesting rare earth ion for laser
emission in the infrared range of 2 and 2.9 mm,28 and recently
the optical transitions of Ho3z in YAG were investi- gated.29

The 5I8 ground state of Ho3z has the electronic configura-
tion [Xe] 4f10. The UV–VIS absorption spectrum of Ho2-
[Si4N6C] (Fig. 7) shows characteristic groups of absorptions in
the visible range corresponding to 4f10A4f10 transitions of the
trivalent holmium ions. Table 6 shows the strongest observed
transitions. The assignment was made according to the well
known energy level scheme of free Ho3z ions.30 These
transitions occur at the typical values and indicate that the

4f states remain almost unaffected by the two quite different
coordination spheres of Ho3z in Ho2[Si4N6C] (Fig. 5).

As observed under UV light Ho2[Si4N6C] exhibits a yellow-
ish colour while under light of longer wavelength it looks pink.
This fact can be easily explained by the UV–VIS absorption
spectrum where two strong absorption bands at 450–470 nm
and 535–550 nm, respectively, are observed. Above 700 nm up
to 1100 nm no absorption bands could be detected.

Magnetic measurements

Recently we started a systematic investigation of the magnetic
properties of rare earth containing nitridosilicates and oxo-
nitridoaluminosilicates (sialons). An interesting example is
the 13 K ferromagnet Eu2Si5N8.31

The temperature dependence of the inverse magnetic suscep-
tibilities of Tb2[Si4N6C] and Ho2[Si4N6C] is presented in the
upper plots of Figs. 8 and 9. Above 150 K Tb2[Si4N6C] and
Ho2[Si4N6C] show Curie–Weiss behaviour with experimental
magnetic moments of 9.57(6) mB/Tb and 10.27(4) mB/Ho. These
experimentally determined values are close to the values of
9.72 mB and 10.61 mB for the free Tb3z and Ho3z ions.32 The
paramagnetic Curie temperatures (Weiss constants) of 215(1) K
and 211(1) K were determined by linear extrapolation of the
high-temperature parts of the 1/x vs. T plots to 1/x~0. The
negative values are indicative of predominant antiferromag-
netic interactions, however, the low-field and low-temperature
measurements (middle of Fig. 8 and inset of Fig. 9) gave no
indication of magnetic ordering down to 2 K.

The magnetization curve for Tb2[Si4N6C] at 2 K (Fig. 8)

Table 5 Comparison of the frequency distribution (i.e. the cycle-class
sequence24 for n~1, 2, 3...) of SinXn ring sizes (X~N, C) in
Ho2[Si4N6C] and BaYb[Si4N7], respectively

SinXn rings; n~ 1 2 3 4 5 6 7 8 9 10

Ho2[Si4N6C] — 0 16 0 0 16 96 312 824 2076
BaYb[Si4N7] — 0 8 0 0 8 48 156 412 1038

Fig. 6 Si3N2C rings in Ho2[Si4N6C].

Fig. 7 UV–VIS absorption spectrum of Ho2[Si4N6C]; the assigned
transitions are marked.

Table 6 The absorption band energies for the strongest assigned
transitions in Ho2[Si4N6C] and in free Ho3z ions between 300 nm and
700 nm

Absorption l/nm

Ho2[Si4N6C]
Energy/
103 cm21

Free Ho3z

(ref. 30) Energy/
103 cm21

5I8A3K6z
3F4z

5G2 336 29.8 30.0–30.8
5I8A5G3z

3L9 347 28.8 28.8–29.0
5I8A5G5z

3H6 363 27.5 27.6–27.7
5I8A5G4z

3K7 388 25.8 25.8–26.1
5I8A5G5 420 23.8 23.9
5I8A5F1z

5G6 457 21.9 22.1–22.4
5I8A3K8z

5F2z
5F3 488 20.5 20.6–21.3

5I8A5F4z
5S2 542 18.5 18.4–18.6

5I8A5F5 647 15.5 15.5
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shows an increase of the magnetization with increasing flux
density, indicating partial reorientation of the magnetic
moments towards parallel spin alignments. The magnetization
at the highest obtainable field of 5 T is 4.15(5) mB/Tb which is
significantly smaller than the saturation magnetization of
9 mB/Tb according to msm(calc)~g?J mB.32 Similar magnetization
behaviour is observed for Ho2[Si4N6C] (Fig. 9). With decreas-
ing temperature (from 15 to 2 K), the magnetization isotherms
become steeper. At 2 K the magnetization is 4.75(5) mB/Ho at
5 T, also smaller than msm(calc)~10 mB/Ho.

Outlook

The formal substitution of fourfold coordinated nitrogen by
carbon leads to the novel phases Ho2[Si4N6C] and Tb2[Si4N6C].
Recently, we obtained further isotypic phases with RE~Gd,
Dy, Er and Tm which will be reported elsewhere. Apparently
the range of composition of nitridosilicates can be extended by
the substitution of N by C leading to carbidonitridosilicates. In
the quasi-ternary system metal nitride–Si3N4–SiC several
further crystalline compounds should occur which may exhibit
interesting materials properties.
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