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Single crystals of a novel ScB19 family compound ScB191xSiy
were grown by the 6oating zone method using a four-lamp
mirror-type image furnace. A small amount of silicon addition to
ScB19 which decomposes at elevated temperatures without
melting allowed it to coexist with the liquid phase and as a result-
ant made the 6oating zone crystal growth possible. Powder
X-ray di4raction analysis con5rmed the grown crystals of
ScB191xSiy to be isostructural to ScB19. It was found that the
crystal structure of ScB191xSiy solved based on single-crystal
X-ray data is tetragonal with lattice constants of a,
b 5 1.03081(2) nm, c 5 1.42589(3) nm, space group P41212 or
P43212 and is basically isotypic with a-AlB12 structure type. In
the crystal structure boron atoms form a three-dimensional
framework based on interconnected B12 icosahedra and B22 poly-
hedra. The Sc atoms reside in three of 5ve Al sites in the a-AlB12

structure and Si resides in a bridge site bonding two B22 units.
( 2001 Academic Press

Key Words: boron-rich scandium boride; scandium borosilicide;
6oating zone crystal growth; ScB191xSiy ; ScB19; tetragonal crystal
structure; icosahedral boron cluster.

1. INTRODUCTION

After a YB
66

soft X-ray monochromator was "rst instal-
led on BL3-3 of Stanford Synchrotron Radiation Laborat-
ory in early 1993 (1) and became practical, its use has
gradually spread on soft X-ray beamlines of worldwide
synchrotron radiation facilities. However, amorphous-like
low thermal conductivity of YB

66
restricts its installation

only on beamlines having rather low beam intensities. It is
not so easy to remove heat locally generated by irradiation
with a brighter X-ray beam coming from an undulator or
wiggler, and as a result the resolution of the YB

66
mono-

chromator would be reduced.
1To whom correspondence should be addressed. E-mail: TANAKA.
akaho@nims.go.jp.
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One of the authors (T.T.) has continuously searched for
new boron-rich compounds which can replace YB

66
by not

only satisfying requirements as a soft X-ray mono-
chromator material but also having higher thermal
conductivity than YB

66
. The e!ort has born many novel

rare-earth(RE) boron-rich borides like REB
25

(2), REB
50

(3), ScB
19

(4), ScB
17

C
0.25

(5), and so on (6). However, all
these compounds decompose at elevated temperatures with-
out melting so that it is impossible to apply the melt growth
method to these compounds. Single crystals of most boron-
rich compounds have been grown by the high-temperature
solution growth method using metal #uxes like Al, Cu, Sn,
and so on; however, the method can give only millimeter-
size crystals which are not useful for the monochromator
application.

An exceptional example is crystal growth of the REB
50

phase. The author found that a small amount of Si addition
to REB

50
allowed it to coexist with the liquid phase without

decomposing, which as a resultant made the #oating zone
crystal growth of REB

50
possible. In fact, single crystals of

ternary YB
41

Si
1.2

which is isotypic with YB
50

have been
grown by applying the Si addition method (7). Single-crystal
structure analysis revealed that the orthorhombic crystal
structure of YB

41
Si

1.2
is a completely new structure type of

boron-rich borides (8). However, the obtained single crystals
included some cracks; thus, we quit our e!orts to obtain
monochromator-grade quality single crystals.

ScB
19

, whose crystal structure is tetragonal (lattice con-
stant a, b"1.02915(4) nm, and c"1.42463(9) nm, and
expected space group P4

1
2
1
2 or P4

3
2
1
2, is a newly found

binary compound (4) and is expected to be isotypic to
a-AlB

12
because of similarities in cell dimensions and space

groups (9). Lack of single crystals has prevented proving it.
In order to obtain single crystals for structure analysis and
to secure footing for a new monochromator material, the Si
addition method was applied to ScB

19
as the second

example.
In the present paper the #oating zone crystal growth of

the Si-added ScB
19

and single-crystal structure analysis are
presented.
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TABLE 1
Crystal and Intensity Measurement Data

Crystal composition ScB
19.2

Si
0.25

a

Crystal system Tetragonal
Space group P4

3
2
1
2

a, c (nm) 1.03081(2), 1.42589(3)
< (nm3) 1.51511(5)
Structural formula (chemical compositionb) Sc

2.26
) 2B

12
)B

20.6
)Si

0.41
(ScB

19.7
Si

0.18
)

D
9
(g/cm3) 2.610

D
.

(g/cm3) 2.635
Z 4
k for MoKa (cm~1) 10.43
Crystal dimensions (mm) 0.35]0.35]0.25
Re#ection measured 04h416, 04k416,

04l423
2h

.!9
70 deg

NRc 1965
NVd 131

aObtained by chemical analysis. bObtained by structure analysis. cNum-
ber of independent re#ections. dNumber of variable parameters.
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2. EXPERIMENTAL

2.1. Floating Zone Method

Raw powders of ScB
19

were synthesized by a boro-ther-
mal reduction method using powders of Sc

2
O

3
(3N, Crystal

Systems Inc., Japan) and amorphous boron (3N, SB-Boron
Inc., USA). Details of the powder synthesis of ScB

19
are

given elsewhere (4). After addition of a suitable amount of
silicon, the powder was pressed into a green rod by the CIP
(cold isostatic press) process at 250MPa. The green rod was
sintered in a boron nitride crucible at about 17003C for
several hours in vacuum. Because of the strong covalent
character of boron-rich borides, no shrinkage could be
expected during the sintering process and the density
of the sintered rods stayed at about 60% of the theoretical
value. The ScB

19
Si

y
phase incongruently melts and coexists

with a silicon-rich liquid. Thus the composition of the
molten zone should be much richer in silicon. However,
in"ltration of such a silicon-rich melt into the porus sintered
rod could happen very easily and a silicon less-rich melt
remained at the molten zone, causing a growth of mixed
phases of ScB

12
and Sc-doped b-boron. In order to

avoid this trouble by achieving nearly 100% theoretical
density of the feed rod, horizontal zone-melting of the
sintered rod was applied to the sintered rods on a boron
nitride half-cut pipe crucible by a horizontal zone-melting
image furnace.

The #oating zone crystal growth was carried out using
a four-ellipsoid mirror-type image furnace (Crystal Systems
Inc., Japan) which is expected to have a smaller temperature
gradient around the crystal radius than a single mirror- or
double mirror-type image furnace. The feed rod and the
seed rod were set on the upper and lower axes, respectively.
A pellet whose composition is expected to be coincident
with that of the molten zone was put on the top of the seed
rod. When the pellet started melting, the molten zone was
formed by touching the bottom of the feed rod to the melt.
The #oating zone crystal growth then started by downward
driving of both the feed rod and the seed rod synchronously
at a rate of 5}7 mm/h. Both rods were counter-rotated at
$35 rpm and the atmosphere was #owing Ar.

2.2. Chemical Analysis

The chemical compositions of several parts of the crystals
were determined by complete wet chemical analysis. After
the crystal was crushed to a powder in a stainless-steel
mortar and the stainless-steel contamination was washed by
a dilute HCl solution and rinsed away, the obtained powder
was dissolved in a HNO

3
/HCl (1:1) solution, keeping

it at 1503C for 16 hours in an air-tight capsule,
and the scandium, boron, and silicon contents were
determined by inductively coupled plasma atomic emission
spectroscopy.
2.3. X-Ray Diwraction

Phase identi"cation was carried out using a standard
powder X-ray di!ractometer (R-2000, Rigaku Co., Japan)
with CuKa radiation and the same powder was used in
chemical analysis. The X-ray single-crystal data were collected
on an Enraf-Nonius CAD4 automatic four-circle di!rac-
tometer with graphite-monochromated MoKa radiation. The
intensity data were corrected for Lorentz and polarization
e!ects. The crystallographic data and intensity measurement
data are given in Table 1. The absorption correction applied
to the collected data was empirical based on (-scans.

3. RESULTS AND DISCUSSION

3.1. Crystal Growth

The binary Sc}B phase diagram is given in Fig. 1 where
ScB

19
is added to the previously reported phase diagram

(10). The ScB
19

phase decomposes into ScB
12

and b-boron
at 18503C without melting. Thus, the melt growth of ScB

19
single crystal is impossible; however, the decomposition
temperature is only 1003C below the eutectic temperature.
Si addition which can reduce the melting temperature of
borides may allow ScB

19
to melt before its decomposition,

similar to the case with the YB
50

phase. In order to test the
e!ect of Si addition on ScB

19
a sample with composition

ScB
19
#3Si was arc-melted. The powder XRD analysis of

the arc-melted sample showed the existence of the ScB
19

phase which survived without decomposing after the
arc-melting experiment. This fact proved that the melt
growth method can be applied to the Si-doped ScB

19
single-

crystal growth.



FIG. 2. A single crystal of ScB
19`x

Si
y

grown by the #oating zone
method.

FIG. 1. The binary Sc}B phase diagram.
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Several itinerant experiments could not give reproducible
Si contents in the feed rods. This seemed to be due to
low quality of Si powder which was fairly oxidized. SiB

6
was

then used as a silicon source. For example, at "rst ScB
17.5

was synthesized and then SiB
6

was reacted with ScB
17.5

according to the following reaction equation, ScB
17.5

#

0.4SiB
6
"ScB

19.9
Si

0.4
.

After 4 times horizontal zone-melting through the sin-
tered rod of ScB

19.9
Si

0.4
thus obtained, the rod density

became nearly 100% and the rod had an ellipsoidal cross
section. Floating zone crystal growth was carried out using
the zone-melted rod.

Figure 2 shows an example of a grown crystal whose
dimensions are about 8 mm in diameter and 50 mm in
length. Many irregular ridges which probably correspond to
grain boundaries can be seen on the crystal surface even
after a more than 40 mm zone pass. It seems not so easy to
obtain a single-grain crystal. It was con"rmed that the
grown Si-doped crystal and ScB

19
are isostructural by com-

paring their powder XRD patterns as shown in Fig. 3, where
several extra peaks marked by an arrow in the XRD pat-
terns of ScB

19
are due to residual ScB

27
(Sc-doped b-boron).

Hereafter, ScB
19`x

Si
y
is used to refer to the Si-doped ScB

19
,

because the composition is variably dependent on the
experimental crystal growth conditions.

Compositions of the crystal shown in Fig. 2 are sum-
marized in Table 2. The composition of the feed rod is rather
Sc rich as compared with the "rst raw composition set at
ScB

19.9
Si

0.4
. B and Si must be lost more than Sc during the

repeated horizontal zone melting. The Sc/B ratio in the
molten zone is close to ScB

12
. The eutectic composition

between ScB
12

and ScB
27

(Sc-doped b-boron) in the binary
Sc}B system is expected to be about B/Sc"20 as shown in
Fig. 1. The ternary eutectic composition shifts toward the
Sc-rich side by Si addition. The fact that the Si content in the
crystal is higher than that in the feed rod contradicts the fact
that Si evaporates faster than Sc and B. Probably the Si
content in the initial molten zone was too high and was
gradually distributed into the crystal, which is consistent
with the fact that the Si content in the zone-end crystal is
lower than those of others and comes closer to that of the
feed rod.

The Si partition coe$cient at the growth interface which
is the ratio of the Si contents in the zone-end crystal and in
the molten zone is about 0.1. Because of large composition
di!erences for both boron and silicon between the molten
zone and the growing crystal, the Si-doped ScB

19
crystal

growth is closer to the high-temperature solution growth
than the melt growth.

3.2. Structure Analysis

A single-crystal specimen for four-circle XRD data collec-
tion was obtained by cracking a part of one of the #oa-
ting zone grown crystals and the remaining part was sent
for chemical analysis which gave a composition of
ScB

19.2
Si

0.25
.

Without using the a-AlB
12

structure model, an initial
structure solution was obtained by SIR92 (11) and the
program SHELXL-97 (12) was used for re"nement, where
space group P4

3
2
1
2 was adopted for easier comparison with

the previous result of a-AlB
12

. The direct method gave 28
atomic positions in which one Sc, one Si, and 26 B were
assigned. Comparison between the obtained atomic coordi-
nates and those of a-AlB

12
showed immediately that they

are isotypic. Based on the a-AlB
12

site assignment two
B sites whose coordinates are coincident with those of Al
sites were reassigned to Sc sites. One of two new B sites was
reassigned to a Si site. On the other hand, the site "rst
assigned as a Si site coincided with a B(18) site of a-AlB

12
and was reassigned as a B site. Thus, three Sc sites, one Si
site, and 24 B sites were "nally assigned. A "nal re"nement



FIG. 3. Comparison of powder XRD patterns of ScB
19

and ScB
19`x

Si
y
crystal. Several extra peaks marked by an arrow in the ScB

19
XRD pattern are

due to residual ScB
27

(Sc-doped b-boron).

A NOVEL ScB
19

FAMILY COMPOUND, ScB
19`x

Si
y
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of 131 parameters for 1965 independent re#ections resulted
in an R1 value of 3.1% and a wR2 value of 8.2%.

The resultant atomic positions and the occupancies of the
partially occupied sites are listed in Table 3 and the in-
teratomic distances are listed in Table 4. Although
ScB

19`x
Si

y
is isotypic to a-AlB

12
, there are several di!er-

ences between them. The crystal structure of a-AlB
12

is
characterized by a boron framework structure consisting of
B
12

icosahedra and B
19

units where a B
19

unit is a twinned
icosahedron with two vacant sites (9). A new boron site
B(24) was found to coincide with the vacant sites. Most
boron sites are fully occupied similar to a-AlB

12
, but the

B(18) and B(24) sites are partially occupied with occu-
pancies of 65.2 and 63.1%, respectively. Both sites are too
close to Si and Sc(2) sites, respectively, so that simultaneous
occupation at the neighboring sites of B(18)}Si or
B(24)}Sc(2) cannot happen. The Si site is also too close to
both Sc(2) and Sc(3) sites and their site occupancies are only
20.3, 19.4, and 12.8%, respectively. Three Sc sites, Sc(1),
Sc(2), and Sc(3), correspond to the Al(4), Al(1), and Al(2)
TABLE 2
Chemical Composition of the Grown Crystal Shown in Fig. 2

Position Composition

Feed rod ScB
17.8

Si
0.17

Zone ScB
12.4

Si
1.90

Zone-end part crystal ScB
18.0

Si
0.22

Middle part crystal ScB
19.2

Si
0.27

Initial part crystal ScB
19.0

Si
0.27
sites of a-AlB
12

, respectively. The Al(3) and Al(5) sites are
empty for ScB

19`x
Si

y
.

The chemical composition ScB
19.7

Si
0.18

obtained from
the structure analysis is in good agreement with that
(ScB

19.2
Si

0.25
) obtained from chemical analysis. The X-ray

density of 2.610 g/cm3 agrees with the measured density of
2.635 g/cm3.

The boron framework of ScB
19`x

Si
y

crystal structure is
made up by one B

12
icosahedron and one B

22
unit which

can be observed in b-tetragonal boron (13) and is a modi"-
cation of the B

20
unit of a-AlB

12
(14) or the B

19
unit in the

earlier paper (9). The B
20

unit is a twinned icosahedron
made up of B(13) to B(22) with two vacant sites and one
B atom (B(23)) bridging both sides of the unit. B(23) was
treated as an isolated atom in the earlier discussion of the
a-AlB

12
crystal structure (9). B(23) is bonded to each of the

twinned icosahedra through B(18) and another icosahedron
through B(5). If the twinned icosahedra were independent
without twinning, B(23) would be really a bridge site which
links three icosahedra. However, because of twinning B(23)
bonds closer to the twinned icosahedra than another
icosahedron; recently B(23) was treated as a member of the
twinned icosahedra. In the case of ScB

19`x
Si

y
, the two B(24)

sites which correspond to the vacant sites in the B
20

unit are
partially occupied as noted above; thus, the unit should be
referred to as the B

22
unit which is occupied by about 20.6

boron atoms.
On the other hand, Si is bonded to B(23) and B(24) of one

B
22

unit and B(13) of another B
22

unit. The Si}B(13) bond
distance is much shorter than those of Si}B(23) and
Si}B(24) and the Si site can be understood as a bridge site
linking two B

22
units. The arrangement of the B

22
unit and



TABLE 3
Final Atomic Coordinates, Temperature Factors, and Occupancy Factors

Atom Site x y z ; (A_ 2]103 ) Atom Site x y z ;(A_ 2]103)

B(1) 8(b) !0.1228 0.2389 0.1261 5.06 B(15) 8(b) 0.2135 0.1978 0.3449 10.19
B(2) 8(b) !0.0333 0.1355 0.2097 5.50 B(16) 8(b) 0.4700 0.1142 0.4131 6.57
B(3) 8(b) !0.0428 0.3116 0.2294 5.18 B(17) 8(b) 0.4662 0.2887 0.4239 6.27
B(4) 8(b) !0.0398 0.3917 0.1159 5.36 B(18) 8(b) 0.1903 0.0946 0.4509 9.15
B(5) 8(b) !0.0113 0.1129 0.0786 6.27 B(19) 8(b) 0.2721 0.1861 0.5453 6.32
B(6) 8(b) !0.0273 0.2720 0.0277 5.24 B(20) 8(b) 0.3529 0.0420 0.4933 6.37
B(7) 8(b) 0.1154 0.2258 0.2440 5.93 B(21) 8(b) 0.4445 0.1865 0.5260 8.90
B(8) 8(b) 0.1027 0.3902 0.1920 5.46 B(22) 4(a) 0.3354 0.3354 0.5000 8.92
B(9) 8(b) 0.1265 0.1058 0.1548 5.73 B(23) 4(a) 0.0347 0.0347 0.5000 10.25
B(10) 8(b) 0.1270 0.1951 0.0453 5.04 B(24) 8(b) 0.3133 0.3367 0.3810 14.73
B(11) 8(b) 0.1142 0.3624 0.0645 5.16 Sc(1) 8(b) 0.2964 0.4857 0.1316 4.73a
B(12) 8(b) 0.2093 0.2618 0.1403 5.22 Sc(2) 8(b) 0.2981 0.3750 0.2968 16.22a

B(13) 8(b) 0.3187 0.0588 0.3634 9.81 Sc(3) 8(b) 0.0849 0.0107 0.3215 5.66a
B(14) 8(b) 0.3933 0.2069 0.3260 8.95 Si 8(b) 0.1758 0.0037 0.4227 10.09

Atom ;
11

;
22

;
33

;
12

;
13

;
23

Sc(1) 4.74 4.64 4.81 0.68 0.33 0.44
Sc(2) 9.50 7.69 31.47 4.20 4.40 3.59
Sc(3) 4.81 5.71 6.45 1.71 0.20 0.68

Occupancy factors of the partially occupied sites
B(18): 65.2% B(24): 63.1% Sc(1): 81.1% Sc(2): 19.4% Sc(3): 12.8% Si: 20.3%

aFor Sc sites anisotropic thermal factors are applied and ;
%2

is noted in these columns.
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Si is shown in Fig. 4. If a Si site occupancy of 20.3% is taking
into consideration, only "ve Si atoms can be accommodated
on the 12 Si sites in the unit cell.

The intraicosahedral and intericosahedral B}B bond dis-
tances range from 1.725(3) to 1.897(2) and from 1.630(3) to
1.883(4) A_ , respectively. The mean value of the in-
traicosahedral B}B bond distance 1.813 As agrees well with
values of 1.805 A_ for a-AlB

12
and 1.810 A_ for AlB

10
(15);

however, the variation in the B}B bond distances is more
signi"cant as compared with those observed in both a-
AlB

12
(1.736}1.858 A_ ) and AlB

10
(1.783}1.839 A_ ). The mean

value of the intericosahedral B}B bond distance, 1.749 A_ , is
larger than the value of 1.709 A_ for both a-AlB

12
and AlB

10
.

The larger ionic radius of Sc than Al elongated the in-
tericosahedral bonds without changing the size of icosahed-
ron. The angles of the triangles of the icosahedron range
from 57.0(1)}63.3(1)3. The variation in the angles is not so
di!erent from that observed in a-AlB

12
(57.0(1)}62.0(1)3 )

as compared with the di!erence observed in the bond
distances.

The bond lengths in a B
22

unit range from 1.755(3) to
1.939(2) A_ with a mean value of 1.821 A_ , except for one
unusual length of 1.977(6) A_ between B(18)}B(18) atoms
which belong to a di!erent side of B

22
twinned icosahedra.

The mean value is also larger than that of a-AlB
12

(1.814 A_ ).
The angles of the triangles of the B

22
unit vary from

57.1(1)}65.3(1)3.
The B}B length bonding B
22

units is 1.716(3) A_ which is
almost same as that (1.715(3) A_ ) bonding B

20
units in

a-AlB
12

. The lengths of the bonds directly connecting the
B
12

and B
22

units range from 1.671(3) to 1.873(3) A_ with
a mean value of 1.747 A_ . The B

12
and B

22
units are also

connected through the B(5)}B(23) bond with a rather large
bond length of 1.906 A_ .

The Sc(1) site which corresponds to the Al(4) site (15.0%
site occupancy) of a-AlB

12
has a characteristically high site

occupancy of 81.1% and the Sc(2) and Sc(3) sites which
correspond to the Al(1) and Al(2) sites (71.7 and 49.1% site
occupancies, respectively) have much lower site occupancies
of 19.4 and 12.8%, respectively. The shortest distance be-
tween Sc and B of the Sc(1) site (2.298 A_ ) is fairly longer
than those (2.035 and 2.185 A_ , respectively) of the other two
sites. Probably the larger diameter of Sc prefers a larger
volume of the Sc(1) site as compared with the case of Al in
a-AlB

12
. Along this consideration one may expect a higher

site occupancy of the Sc(3) site than the Sc(2) site, however,
the Sc(3) site is separated by only 2.395(3) A_ from a neigh-
bor Sc(1) site and 2.470(5) A_ from another Sc(3) site. In rare-
earth boron-rich borides rare-earth atoms are expected to
be trivalent ions donating their valence electrons to the
boron lattice bonding so that simultaneous occupancy of
those sites can hardly occur, and as a result the site occu-
pancy of the Sc(3) site becomes low. Even for the Sc(2) sites
which are separated by only 2.617(2) A_ from the Sc(1) site



TABLE 4
Interatomic Distances (A_ )

B}B Bond Length within B
12

Icosahedron
B(1)}B(2) 1.846(3) B(2)}B(9) 1.849(3) B(5)}B(9) 1.790(3) B(8)}B(11) 1.843(2)
}B(3) 1.847(2) B(3)}B(4) 1.816(2) }B(10) 1.725(3) }B(12) 1.871(3)
}B(4) 1.799(3) }B(7) 1.867(3) B(6)}B(10) 1.795(3) B(9)}B(10) 1.813(2)
}B(5) 1.861(3) }B(8) 1.787(3) }B(11) 1.809(3) }B(12) 1.832(3)
}B(6) 1.747(2) B(4)}B(6) 1.767(3) B(7)}B(8) 1.854(3) B(10)}B(11) 1.751(3)

B(2)}B(3) 1.839(3) }B(8) 1.826(3) }B(9) 1.778(3) }B(12) 1.739(2)
}B(5) 1.897(2) }B(11) 1.774(3) }B(12) 1.806(2) B(11)}B(12) 1.789(3)
}B(7) 1.858(3) B(5)}B(6) 1.801(3)

B}B Bond Lengths Within B
22

Unit
B(13)}B(14) 1.791(3) B(14)}B(24) 1.757(4) B(17)}B(22) 1.796(2) B(19)}B(20) 1.857(3)

}B(15) 1.817(3) B(15)}B(18) 1.863(4) }B(24) 1.762(4) }B(21) 1.799(3)
}B(16) 1.805(3) }B(19) 1.765(3) B(18)}B(18) 1.977(6) }B(22) 1.792(3)
}B(18) 1.856(4) }B(24) 1.837(4) }B(19) 1.831(4) }B(24) 1.807(4)
}B(20) 1.893(3) B(16)}B(17) 1.805(3) }B(19) 1.847(4) B(20)}B(21) 1.825(3)

B(14)}B(15) 1.876(3) }B(20) 1.822(3) }B(20) 1.863(4) B(21)}B(22) 1.939(2)
}B(16) 1.755(3) }B(21) 1.793(3) }B(23) 1.856(4)
}B(17) 1.797(3) B(17)}B(21) 1.810(3) B(19)}B(19) 1.800(4)

B}B Bond Lengths in the Linkages B
12
}B

12
, B

22
}B

22
, and B

12
}B

22
B(1)}B(12) 1.747(2) B(10)}B(10) 1.630(3) B(6)}B(14) 1.703(3) B(9)}B(17) 1.706(3)
B(2)}B(2) 1.883(4) B(13)}B(21) 1.716(3) B(7)}B(15) 1.783(3) B(23)}B(5) 1.906(3)
B(3)}B(11) 1.737(2) B(4)}B(16) 1.671(3) B(8)}B(20) 1.873(3)

Sc}B, Sc}Si, Si}B, and Sc}Sc Distances
Sc(1)}B(5) 2.298(2) Sc(2)}B(24) 1.275(4) Sc(3)}B(22) 2.231(3) Si}B(13) 1.791(3)

}B(7) 2.386(2) }B(14) 2.035(3) }B(18) 2.309(4) }B(23) 1.852(3)
}B(8) 2.387(2) }B(15) 2.138(3) }B(2) 2.327(3) }B(24) 1.889(4)
}B(15) 2.406(2) }B(18) 2.267(4) }B(17) 2.349(3) Sc(1)}Sc(3) 2.395(3)
}B(19) 2.419(2) }B(20) 2.390(3) }B(15) 2.364(3) }Sc(2) 2.617(2)
}B(20) 2.427(2) }B(23) 2.475(2) }B(2) 2.384(3) Sc(3)}Sc(3) 2.470(5)
}B(3) 2.458(2) }B(8) 2.513(3) }B(9) 2.445(3)
}B(11) 2.462(2) }B(7) 2.545(3) }B(5) 2.488(3)
}B(1) 2.463(2) }B(6) 2.582(3) Sc(2)}Si 1.422(3)
}B(23) 2.476(1) }B(13) 2.584(3) Sc(3)}Si 1.723(3)
}B(12) 2.480(2) Sc(3)}B(24) 2.185(4) Si}B(18) 1.030(4)

A NOVEL ScB
19

FAMILY COMPOUND, ScB
19`x

Si
y
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simultaneous occupation can hardly occur. Thus, it is quite
reasonable that the summation of the site occupancies of
both sites is nearly 100%. The Al(3) and Al(5) sites in
FIG. 4. The nature of the linkages between Si atoms and B
22

units as
seen along the c-axis where large and small circles correspond to Si and
B atoms, respectively. One B(18) site in the left B

22
unit must be empty

because the site is too close to the Si site and is shown as a vacancy.
a-AlB
12

are probably too narrow to accommodate
Sc ions.

The Si}B lengths range from 1.791(3) to 1.889(4) A_ with
the average value of 1.844 A_ in contrast to the Si}B bond
lengths observed in SiB

6
where most of the Si}B bond

lengths exceed 2.0 A_ (16). These values come within the
variational range of the B}B bond lengths. Thus, Si in the
bridge site of ScB

19`x
Si

y
plays an important role in tightly

bonding two B
22

units.

4. CONCLUDING REMARKS

The single crystals of ScB
19`x

Si
y

which is isostructural
with ScB

19
could be successfully grown by the #oating

zone method, which proved that the Si addition method
can be used widely in the melt growth of boron-rich borides.
Structure analysis con"rmed that ScB

19`x
Si

y
and

ScB
19

are isotypic to a-AlB
12

as expected in the previous
paper.
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Now there remains one question, whether ScB
19`x

Si
y
can

replace to YB
66

as a new soft X-ray monochromator mater-
ial. ScB

19`x
Si

y
seems to satisfy most of material require-

ments, for example, a large d-spacing, vacuum compatibility,
resistance to radiation damage, and so on. One important
factor, i.e., thermal conductivity, has not been measured yet.
Since the crystal structure of ScB

19`x
Si

y
includes fewer

atom sites with partial occupancy than YB
66

, we may be
able to expect a higher thermal conductivity than YB

66
.

Another important factor is crystal quality. Can we
achieve high crystal quality for ScB

19`x
Si

y
crystals at a level

su$cient for use in the monochromator? Actually we are
not so optimistic about this. In the case of YB

66
crystal

growth even the "rst crystal growth trial achieved not only
a single-grain crystal but also a rather narrow rocking curve
width. On the other hand, it seems to be not so easy to
obtain a crack-free and single-grain crystal of ScB

19`x
Si

y
because the crystal growth mode is more like solution
growth than melt growth as mentioned above. However, if
we can get a crack-free and single-grain crystal, we could
expect a high crystal quality because in general the solution
growth gives a narrower rocking curve width than the melt
growth. Further crystal growth e!orts will be continued.
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