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Abstract

Dibarium erbium heptachloride has a network structure
composed of ErCl; and BaCly polyhedra. Since the
array of the Ba and Er atoms is isostructural with
the alloy Co,Si, the structure can be considered as a
stuffed Co,Si-type strugture. The mean bond distances
are 2.704 A for ErCly, 3.221 A for BalCly, and 3.212 A
for Ba2Cly. Some of the Cl atoms form tunnels running
parallel to the ¢ axis.

Comment

An efficient infrared-to-green up-conversion lumines-
cence has been reported for ErCl;-BaCl; compounds by
Wang & Ohwaki (1993). In the systems RECl;-BaCl,
(RE = La, Sm, Gd and Yb), the presence of a 1:2 com-
pound such as REBa,Cl; is reported by Blachnik, Al-
berts & Enninga (1985). No detailed crystallographic
information on the Ba-Er-Cl system has been reported
so far. The present study has thus been undertaken in
the course of a survey to find potent materials showing
superior up-conversion properties.

The structure of Ba,ErCl; is shown in Figs. 1 and
2. The Er and Ba atoms are coordinated by seven and
nine Cl atoms, respectively. The ErCl; polyhedron is
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surrounded by the BalCly and Ba2Cly polyhedra to
form a network. The mean Er—Cl distance in the ErCly
polyhedra is 2.704 A, which is about 3.3% longer than
reported for the ErClg octahedra in Na;ErCly (2. 616 A;
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Fig. 1. The crystal structure of BayErCly viewed approximately along
the ¢ axis. Displacement ellipsoids are shown at the 90% probability
level.

Fig. 2. The ErCl; polyhedra in Ba;ErCl; viewed along the ¢ axis.
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Meyer, Ax, Schleid & Irmler, 1987). The CI5, Cl6
and CI7 atoms form tunnels parallel to the ¢ axis, as
shown at the centre and at the origin in Fig. 1. The
diameter of the tunnel is approximately 3.5 A. Since the
tunnel size is small, the Cl atoms by the tunnel wall are
expected to have less charge than the fully ionized C1~
anion in order to reduce their electrostatic repulsion. The
presence of a tunnel composed of such Cl atoms may
accelerate the reaction of the crystal with water, which
can easily diffuse through the tunnel. This may be the
reason why the crystal degrades rapidly in moist air.

The array of the Er and Ba cations is isostructural
with Co,Si (Geller & Wolontis, 1955), with Er atoms
surrounded by six Ba atoms forming a trigonal prism,
like Si in Co,Si. In this respect, the structure of
Ba,;ErCl; can be considered to be a stuffed Co,Si-type
structure.

Experimental

Er,0; (purity 99.9%) and BaCl, (99.995%) were mixed in a
1:2 molar ratio of Er:Ba with carbon powder. The mixture was
chlorinated at 1173 K under a Cl, atmosphere and sealed into
a silica glass tube. Single crystals of 2.54.5 mm diameter
and 50-200 mm length were obtained by the zone-melting
technique.

Crystal data

Ba;ErCl, Mo Ko radiation

M, = 690.09 A=07107 A
Monoclinic Cell parameters from 25
P2, /a reflections

a = 10.500(5) A 6 = 23.31-25.02°

b= 15507 (4) A p =16.16 mm™'
c=6.804(4) A T =300 K

B = 90.48 (5)° Irregular

V=1107.89) A’ 0.41 x 041 x 0.41 mm
Z=4 Pink

D, =4138Mgm~*
D,, not measured

Data collection

Rigaku AFC-5R diffractom- 2760 reflections with

eter F > 30(F)
6/26 scans Rin = 0.09
Absorption correction: Bmax = 35°

refined from AF (Walker h=-14 - 14

& Stuart, 1983) k=-21 - 21

Tmin = 0020, Thyax = 0049 [ = -9 —>9

4 standard reflections
every 150 reflections
intensity decay: none

12 921 measured reflections
3193 independent reflections
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Refinement

Refinement on F (A/O)max = 0.00]

R =0.032 Apmax = 1.67 e AT?
wR = 0.029 Apmin = —275¢ A3
S =1.527 Extinction correction: none

2760 reflections

91 parameters

Weighting scheme based on
measured s.u.’s

Table 1. Selected bond lengths (/i )

Scattering factors from Inter-
national Tables for X-ray
Crystallography (Vol. IV)

Er—CIi" 2.6953(16)  Bal—CI2" 3.2247(18)
Er—C12" 27777 (16)  Bal—Cl4*™" 32191 (17)
Er—CI3" 27532 (16)  Bal—Cl6" 3.330(2)
Er —Cl4" 2.6986 (16) Ba2*—CI1" 3.3081(18)
Er'—CI5" 2.7000 (19) Ba2*—CIS" 3.0755(17)
Er —Cl6 2.651(2) Ba2™—C13™" 3.1573(17)
Er—CI7" 2.651(2) Ba2*—Cl6* 3.295(3)
Bal—Cl1" 3.1604 (17)  Ba2*—CI7* 3.277(2)
Bal—CI13" 3.210517) Ba2*—CI2*" 3.2197(17)
Bal—Cl4™ 3.3152(17) Ba2* —CI3* 3.1509(17)
Bal—CI5"" 3.0743(17) Ba2*—CII® 3.1605 (18)
Bal—CI2"" 3.2236 (16) Ba2* —Cl4"™ 3.2676(17)
Bal—CI17" 3.233(2)

Symmetry codes: (i) § + x,2 — y,z; (i) | — x, 1 — y,1 — z (iii)

Poxni+yl -z —xi+y-zMMi-—xi+yl-z
Vi) L+x, L=y, (vi)x, L4y, zo(viii) | —x, 1 —y, =z, (iX) X, y,2— 15
xX)i—-xl+y, -z

The maximum in the final difference map was at x = 0.731, y
= 0.149, z = 0.879 and the minimum at the Er position.

Cell refinement: Xtal3.4 LATCON (Hall, King & Stewart,
1995). Data reduction: Xtal3.4 ADDREF SORTRF. Program(s)
used to solve structure: Xtal3.4 GENTAN. Program(s) used to
refine structure: Xtal3.4 CRYLSQ. Molecular graphics: Xtal3 4.
Software used to prepare material for publication: Xtal3.4
BONDLA CIFIO.
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Supplementary data for this paper are available from the IUCr
electronic archives (Reference: TA1137). Services for accessing these
data are described at the back of the journal.
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