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Crystals of compos ition Ba7FI2Cl2 were obtained by areactio n at room temperature b~­
tween Ba2 1-/Cl-/F- in a gel of agar-agar/wate r. The hexagonal crystals have space group P6, 
((=1064 .69(8), e=417.89(5)pm, V=410.24(8) 106 pm3 and Z= l. The anions form a propeller 
type network located in tunnels parallel to the ehex axis; the chloride ions are located at the 
center on the propeller axes. The Ba2+ ions are coordinated by a (d istor ted) tricapped trigo­
nal envi ronm ent oE fluorid e and chloride anions. Disorder is present for one par ticulclr Ba l , 

site. The average st ructure 15 iso typic with the s tructure oE Pb7F 12Cl2 . 

1. Introduction 2. Experimental 

Recently new compounds in the Ba-Cl-F phase It is known that BaFCI is only slightly soluble 
in water, and reaction mixtures of BaCl2 and NaFdiagram were obtained by high tempera ture solid 
were observed to form solid BaFCI and BaF2 [3] .state reaction and flux growth methods. One of 
Powder X-ray diffraction diagrams of the precipi­

them has the _composition BaJ2F19ClS and is of tated solids indeed showed the sole presence of 
space group P62m [1], whereas the other two are BaFCI and BaF2. However compounds with other 
both of the composition Ba7F12CI2 but have mutu­ ratios of Ba2+, Cl- and F- are possible too. Fessen ­
ally different structures, depending on the high 
temperature synthesis conditions. One is a disor­
dered variant with space group P63/m [2] whereas 
the other one is an ordered structure with space 
group P6 [2]. These structures are all hexagonal , 
thus different from the (tetragonal) matlockite 

BaClzstructure BaFCI obse rved in the same phase dia­

gram. A characteristic propelle r type a rrangemen t 

of anions with three- respectively two- different 

barium sites of coordination number (e. N.) nine 

is observed . These new compounds show promis­


cryslOlsing optical properties when doped with Rare 
of

'arth ions. 
This paper reports the syn thesis at room tem­

perature of the ordered Ba7FJ 2Cl2(0) variant. The 
compound was obtained by slow diffusion in a gel 
of Ba2+/Cl- from olle interface and of F- from the 
other one. In addition to the crystals of Ba7F12­
Cl2(0) , crys talline BaFCI and BaFz in a spherical Fig. 1. Schematic layout of th e room temperature gel 

type crystal growth equ ipment. The gel of agar-agar/arra ngemen t were ob tained. 
water se parates the solutio ns NaF/H 20 and BaCl 2/ H 20. 
Further are indicated the growth regions of the 
Ba7F12C12 crystal aggregates below thc NaF <Igar-agur 
interface (Iower CI - conccntration) and , at the bottom, 

* Reprint requests to Prof. H. Bill. of the sp herically si1apcd Ba FCI/BaF2 hybrids. 
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Fig. 2. Star-shaped crystalline units of Ba7Fl2CI2 in the 
gel of agar-agar/wa te r. Seve ral hi gh qua lity single crys­
tals are visib le. Magnifica ti on: 10x. 

den and Levin [3] suggested the formation of a 
compound with the stoichiometry Ba2F3CI, but 
our experiments to obtain this phase were unsuc­
cessful until now. Crystal growth in ge ls suggested 
itself as a method to obtain crystalline units of 
these compounds. Gels were prepared from com­
mercial agar-agar which was dissolved in hot 
water. On cooling, the polymerization was com­
pIe ted in V-shaped glass tubes with diameter of 
25 mm . Several tubes with diffe rent reactant con­
centrations and compositions were prepared. The 
compound reported was grown in aU-tube con­
taining a dilute solution of approximately 30 ml 0.1 
mol BaChxH20 placed on the ge1 surface of one 
side of the tube (see Fig. 1) . On the surface of the 
o the r side, 30 ml of a 0.1 molar solution of NaF 
was added. To avoid rapid evaporation of water 
and drying out of the gel, the V-tube was then 
covered with plas tic foils. Th e tubes were shelved 
in the laboratory under anti-shock conditions. Af­
ter one month , spherical crystalline units up to 
2 mm 0 formed at the center of the tube (see 
Fig. 1). 111ey are composed of BaFCI and BaF2. 
Close to the NaF solution growth of hexagonal 
crystals of Ba7F12Cl2 mutually intertwinned into 
star-shaped arrangements was observed (Fig. 2). 
The individual crystals increased in size from a 

ce nter to aU directions during the growth. After 
two months the crystallization was completed. 

3. Results and Discussion 

Optical examinalion: The crystals were analyzed 
by means of optical microscopy in polarized light. 
Th ey form regular hexagonal polyhedra which ap­
pea r to be individual singl e crystals, with weil de­
veloped faces. Their top part was found to be hol­
low. Probably, the crystals contain sm all amounts 
of gel, as was observed for the crystals of 0.­

KCoP04 [4]. 
Optical inspection of the spherical objects in the 

cen ter of the U-tube showed that the sphe res con­
sist of crystalline units. The center is birefringent 
in polarized light, whereas the outer shell is cubic 
(no birefringe nce). X-ray diffraction of a pow­
dered sphere showed that the center consists of 
BaFCI and the surface of BaF2. 

R efinement 0/ (he slnlClure 0/ Ba7FJ2C/2(gel) : 
the hexagonal crystals show the same features as 
does the recently investigated Ba7FI2Cl2(0) [2] . In­
dividual single crystals of Ba7F 12Cl2(gel) (size 
0.10xO.l0xO.25 mm) were selected from a star­
shaped cluster for crystal structure determination. 
The cell parame ters were refined from 25 reflec­
tions, the parameters were a=1064.69(8) , c= 
417 .89(8) pm , a/c=2 .548 . In all , three crystals we re 
studied in de tail by single crystal diffraction re­
finement. No significant differences in unit cell 
parameters, a tom positions and composition were 
found . One of the sets of results is presented in 
de tail. The intensities oE 8269 reflections were 
measured on a CAD4 automatic diffractometer 
(radiation MoKä, A=71 ,073 pm at 300 K) . Among 
these refl ections 936 were independent ; 917 were 
considered as observed according to the criterion 
1>30(1). Absorption correction was applied based 
on the morphology of the crystal. Graphical repre­
sen tation of the diffracted intensities showed the 
presenc~ of all 000 l reflections confirming space 
group P6. The positions of the heavy atoms were 
taken from reference [2]. Calculations of the dif­
ference electron density (program XTAL 3.2 [5]) 
allowed to loca te the light halogen ions. Argu­
ments in favor of the group P6 , i.e. the ordered 
structure of Ba7FI2Cl2 are: Lattice paramete rs are 
similar to those of the ordered variant [2] and 000 l 
refl ections with l = 1,3,5 reflections are observed. 
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They agrec within 3a with thc calculated values. 
The nUl11bers are: Fobs(a) [Fca1cJ=20.2(2)[2o.0J, 
11.67(7)[72.7J, 5(12)[6.4J, 3.2(17)[2.3]. We note 
that a similar discussion was made with respect to 
U 2Nil2P7 [6]. 

1l1e standardized [7J atomic position are given 
in Table 1. The structure is polar but ferroeJectric 
twinning with an amount of 50% volume for both 
units was found in all three species (xa bs=0.54(6), 
0.48(8) and 0.52(7) [7]). 

Descriplion of the average and fine structure: 
The average structure of Ba7F12Cl2 is isotypic to 
Fe12Zr2P7 [8J and Pb7F 12CI2 (a=1027.4, c=398.7pm, 
a/c=2.577 [9]). Fig. 3 shows a projection of the 
structure along the Chex axis. Basically, a network 

Table 1. Standardized positional and isotropie displaee­
ment parameters (/100 pm2). 

Atom xJa y/b z/c U 1SO Pop 

F(1) 0.2717(7) 0.120(6) 1/2 1.9(2) 
Ba(l) 0.11095(5) OA0796(5) 1/2 1.l0( I) 
F(2) 0.37J9(6) OA305(6) 1/2 1.5(2) 
F(3) OA370(6) 0.0537 0 1.7(2) 
F(4) 0.1175(7) 0.2165(7) 0 22(2) 0.780(3) 
F(5) 0.151 (3) 0.275(3) 0 2.2(2) 0.220(3 ) 
Ba(2) OA0365(5) 0.29104(4) 0 1.07(1) 
Ba(3) 0 0 0.25 1.52(2) 0.043(1 ) 
CI(I) 1/3 2/3 0 1.70(9) 
Cl(2) 2/3 W 112 1.56(8) 
Ba(4) 0 0 1/2 1.52(2) 0.627(4) 
Ba(5) 0 0 0 1.52(2) 0.220(3) 

Further details of the crystal structure investiga­
tion are availablc from the Fachinforl11ations­
zentrum Karlsruhe, D-76344 Eggenstein-Leo­
poldshafen (Gerl11any), on quoting the deposition 
nUl11ber CSD- 410680, the name of the authors and 
citation of the paper. 

o 

Fig. 3. Projeetion oE the strueture of Ba7F12C!2 along the 
ehex aXIS. 

of connected propeller type halogen units (CIF6 ) 

with chlorides on the axis is formed. This network 
is presented in Fig. 3 by thick lines. In the tunnel 
parallel to the axis a further column (presented 
by thin lines between the halides) is located. 111e 
alkaline earth atoms are either below (or above) 
the blades and located in a tricapped trigonal 
prismatic environment. They have coordination 
number C. N. =9, Ba(1/2) are surrounded by seven 
fluorides and two chlorides, Ba(3) by nine fluo­
rides [2]. Almost linear variation of the unit cell 
volume between BaCI2, BaFCI, Ba12F19ClS, 
Ba7F12Cl2 and BaF2 (high pressure modification) 
with CN=9 can be observed. Interatomic barium 
halide distances are given in Table II. 

Table 11. Seleeted metal-halogen bond distanees and an­
gles (split positions are in italic). 

Bal- CN 9 
Fl 260.9(8) .. 

2x F3 265.5(8) .. 
2x F2 266.7(8) .. 
2x F5(4) 2676(40) (294.4(lO).)} 
2x CIl 332.25(7). 

Ba2­ CN9 

2x 

F5(4) 
F3 
Fl 

261.0(40) 
263.8(6). 
266.2(3) .. 

(273.8(7).} 

2x F2 268.0(5) .. 
F3 272.2(7) .. 

2x CIl 333.87(5). 
Ba3­ CN6 

3x F5(4) 274.3(30) (225.5(6)}. 
3x Fl 272.0(6) .. 

Ba4­ CN 9 
3x Fl 251.1(7) .. 
6x F5(4) 328.6(25) (289.2 (4)}. 

Ba5­ CN 9 clejects. 
3x F5 253.6(32) 
6x Fl 326.7(5) 

The real structure seems to be more complex. It 
is found for all three crystals, that a partial disor­
der (or split position) is present for the barium ion 
at the Wyckoff position 1b. For this atom, three 
positions (0,0,1/2) (lb); (0,0,0) (la) and (0,0,1/4) 
(2 g) were refined wiLh approximate populations 
for Ba(4): 0.627(4), Ba(5): 0.220(3) and Ba(3): 
0.043(1) (see Table I); the populations were not 
constrained! The refinement confirms the given 
cOl11position and a final composltlOn of 
Ba69J(3)F12Cl2 is found. The final agreement factor 
is R w=1.8%. We note that the position (0,0,1/4) 
(2 g) has coordination number 6 as the Ba ion is 

http:5(12)[6.4J
http:11.67(7)[72.7J
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halfway in between two empty fluoride triangles. 
The order/disorder behavior on this particular 
crystallographic si te might be related to the forma­
tion of growth twins, 

4. ConcIusions 

Single crystal of Ba7FJ2CI2 can be synthesized at 
room temperature in an organic gel. The com­
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