
R. BLACHNIK et al. 661 

Foss, O. & Janickis, V. (1977). J. Chem. Soc. Chem. Commun. pp. 
834-835. 

Johnson, C. K. (1976). ORTEPII. Report ORNL-5138. Oak 
Ridge National Laboratory, Tennessee, USA. 

Keulen, E. & Vos, A. (1959). Acta Cryst. 12, 323-329. 
Main, P., Fiske, S. J., Hull, S. E., Lessinger, L., Germain, G., 

Declercq, J.-P. & Woolfson, M. M. (1980). MULTAN80. A 
System of Computer Programs for the Automatic Solution of 
Crystal Structures from X-ray Diffraction Data. Univs. of York, 
England, and Louvain, Belgium. 

North, A. C. T., Phillips, D. C. & Mathews, F. S. (1968). Acta 
Cryst. A24, 351-359. 

Penney, G. J. & Sheldrick, G. M. (1971). J. Chem. Soc. A, pp. 
245-248. 

Rollo, J. R., Burns, G. R., Robinson, W. T., Clark, R. J. H., 
Dawes, H. M. & Hursthouse, M. B. (1990). Inorg. Chem. 29, 
2289-2894. 

Zachariasen, W. H. (1963). Acta Cryst. 16, 1139-1144. 

Acta Cryst. (1994). C50, 661-663 

T-Phase AI,aMg3Mn2 

HOONG-KUN FUN 

X-ray Crystallography Laboratory, School of Physics, 
Universiti Sains Malaysia, 11800 USM Penang, 
Malaysia 

HsI-CHE LIN 

Materials Research Laboratories, Industrial Technology 
Research Institute, Chutung, Hsinchu 31015, Taiwan 

TSONG-JEN LEE 

Department of Physics, National Tsing Hua University, 
Hsinchu 30043, Taiwan 

BOON-CHUAN YIP 

X-ray Crystallography Laboratory, School of Physics, 
Universiti Sains Malaysia, 11800 USM Penang, 
Malaysia 

(Received 23 July 1993; accepted 22 December 1993) 

Abstract 
A complete structure determination of the ternary 
alloy T-phase AI,sMg3Mn2 has been carried out and 
has confirmed that the T phase has a similar struc- 
ture to that of E-phase AI,sCr2Mg3 [Samson (1958). 
Acta Cryst. 11,851-857]. 

Comment 
In phase-diagram studies of the Al-rich part of the 
A1-Mg-Mn system (Ohnishe Nakatani & Shimizu, 

1973), the T phase was found to have a very similar 
powder diffraction pattern to that of the E phase. 
The crystal structure of the E phase has been 
determined successfully by Samson (1958) using a 
single-crystal multiple-film method. Since the com- 
puted powder diffraction intensities based on Sam- 
son's parameters for the E phase were in close 
agreement with the observed powder diffraction 
intensities, Ohnishe et al. (1973) concluded that the T 
phase was also F-centred cubic with a lattice con- 
stant a = 14.529(1)A,, space group Fd3m, and basic 
composition A1,sMg3Mn2. This paper reports the 
single-crystal structure analysis of the T phase. 

In the diamond space group, F ~ m ,  there are two 
sets of eight equivalent positions [8(a) and 8(b)] 

~,~,~ with respect which are related by a translation of ' ' ' " 
to one another. The Mg atoms located at position 
8(b) are surrounded by 16 nearest neighbours: 12 A1 
atoms [position 96(g)] at the vertices of a truncated 
tetrahedron and four Mg atoms [position 16(d)] at 
the vertices of a regular tetrahedron. The coordina- 
tion polyhedron of each Mg 8(b) atom may be 
described by a Friauf polyhedron (Friauf, 1927) with 
16 vertices and 28 triangular faces (Fig. 1). These 
17-atom polyhedra (Friauf polyhedra) link tetra- 
hedrally by sharing the Mg 16(d) atoms. From the 
atomic arrangement just described, it is clear that 
there are large interstices with their centroids at the 
position 8(a), the second set of eight equivalent 
positions. In the T phase all of these interstices are 
filled with cubic close-packed 10-atom clusters com- 
prising six A1 atoms [position 48(f)] and four Mn 
atoms [position 16(c)]. Each 10-atom cluster has six 
A1 48(f) atoms situated at the vertices of a regular 
octahedron which is in turn surrounded by four 
Mn 16(c) atoms at the vertices of a regular tetrahe- 
dron (Fig. 2). These 10-atom clusters with their 
centroids at position 8(a) are connected tetrahedrally 
through sharing the Mn 16(c) atoms. 

In summary, the whole structure is composed of 
two different groups (Figs. 1 and 2), with each group 
bonded tetrahedrally to four groups of the same kind 
and surrounded by, but not bound to, four groups of 
the other kind. Thus, the whole structure consists of 
two intertwinning diamond lattices, one being 
formed by the Friauf polyhedra and the other by the 
10-atom clusters. The coordination polyhedron of 
Mg 16(d) is an approximate hexagonal prism with 
two Mg 8(b) atoms on the pseudo-hexagonal axis. 
The coordination geometry of the A1 48(f) atoms 
may be described as a distorted pentagonal prism 
with ten atoms [six A1 96(g) and four A1 48(f) atoms] 
at the vertices and two Mn 16(c) atoms on the axis of 
this prism. A1 atoms at position 96(g) adopt the same 
coordination as A1 48(f) but the prisms are more 
distorted. The coordination polyhedra around each 
Mn 16(c) atom are distorted icosahedra bound by 20 
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equi la tera l  t r i angu la r  faces wi th  six A1 48 ( f )  a toms  
and  six A1 96(g) a toms  on  the vertices. 

All o f  the in t e ra tomic  dis tances in the T phase  are 
c o m p a r a b l e  with those in the E phase.  The  mos t  
significant  difference in in t e ra tomic  dis tances 
between these two al loys was observed for 
A1 4 8 ( f ) - - A 1  48 ( f )  [2.825 (2) A in the T phase  com- 
pared  to 2.890 ( 1 3 ) A  in the E phase]. As for the E 
phase,  the closest i n t e ra tomic  dis tance  [Mn 16(c)--  
A1 48 ( f )  2.573 (1 )A]  in the T phase  was found  in 
the i cosahedra  o f  M n  16(c). 

We conc lude  tha t  the s t ructure  o f  the T phase  is 
i s o m o r p h o u s  wi th  tha t  o f  the E phase.  

~ AI(1) 

I(1) 

Hg(l} 

Fig. I. ORTEP (Johnson, 1965) plot of the Friauf polyhedron 
showing the nearest neighbours of Mg 8(b). Displacement ellip- 
soids are shown at the 100% probability level. 

AH2) 
Mn(I) 

Z 

Hn 
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Fig. 2. ORTEP (Johnson, 1965) plot of the atomic arrangement of 
the 10-atom cluster, the centroid of which lies in position 8(a). 
Displacement ellipsoids are shown at the 100% probability 
level. 

Experimental 
The T phase is difficult to grow as the solubility of Mn in A1, 
Mg and A1-Mg alloys is low and a detailed phase diagram of the 
ternary A1-Mg-Mn system is not available. An Mn master alloy 
(AI- l l  at. %, Mg-9 at. %) was prepared at about 1173 K using 
the available partial phase-diagram data for the ternary system 
AI-Mg-Mn. Be powder was added to prevent Mn and Mg from 
oxidation and Mg from volatilization. The Mn master alloy was 
grown in an alumina crucible (99.7% purity) under a protective 
argon atmosphere. The most stable Tphase was found at 753.5 -t- 
6.5 K. T-phase crystals of optimum size for single-crystal X-ray 
analysis were grown successfully by the liquid-phase epitaxial 
method under oscillating heat treatment between 733 and 743 
K over a minimum of 10 days. The crystals were then extracted 
from the ternary cast by electrolytic reaction in a dilute 1N HC1 
solution. 

Crystal data 

AllsMg3Mn2 Mo Ka radiation 
Mr = 668.5 A = 0.71069 ]k 
Cubic Cell parameters from 31 
Fd-3m reflections 
a = 14.517 (3) ,~ 0 = 7.5-22.5 ° 
V = 3060 (3) ,~3 # = 2.786 mm-  
Z = 8 T = 298 K 
Dx = 2.902 Mg m -3 Truncated octahedral shape 

0.18 x 0.18 x 0.16 mm 
Metallic grey 

Data collection 
Siemens P4 diffractometer 
20/0 scans (20 speed 

5.33-29.30 ° min -1) 
Absorption correction: 

empirical 
Tmt~ = 0.272, Tmax = 
0.406 

1402 measured reflections 
307 independent reflections 
239 observed reflections 

[F > 5t-(F)] 

Refinement 

Refinement on F 
R = 0.0269 
wR --- 0.0267 
S -- 1.02 
239 reflections 
17 parameters 
w = l/[cr2(F) + 0.00005F 1] 
(m/O ' )max  = 0.001 
Apmax = 0 . 7 0  e A -3 
mpmin = - 0 . 6 5  e A -3 

Rim -- 0.0645 
0max = 32.5 ° 
h = 0---~ 21 
k = 0---~ 21 
l = 0 ---~ 21 
2 standard reflections 

monitored every 100 
reflections 

intensity variation: 2.0% 

Extinction correction: 
F* = Fc[1.0 + (0.002X 

x F2/sin20)]-1/4 
Extinction coefficient: 

X = 0.00003 (1) 
Atomic scattering fac- 

tors from SHELXTL/PC 
(Sheldrick, 1990) 

Table 1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (A2) 

Ueq = (1/3)~i2jUija~ a;ai.ay. 

x y z Ueq 
Mn(1) 16(c) 1/4 1/4 0 0.0105 (1) 
AI(1) 96(g) 0.19195 (4) x 0.82571 (6) 0.0139 (2) 
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AI(2) 48(/̀ ) 3/8 3/8 0.01258 (8) 0.0121 (3) 
Mg(l) 16(d) 0 I/2 0 0.0170 (3) 
Mg(2) 8(b) 1/8 5/8 1/8 0.0208 (5) 

Table 2. Selected geometric parameters (A) 
Distorted icosahedron 
Mn 16(c)-- 6 A! 96(g) 2.797 (1) 

6 A148(/') 2.573 (1) 
12 

Distorted pentagonal prism 
A196(g)-- 2 AI 96(g) 2.746 (2) 

2 AI 96(g) 2.922 (1) 
1 AI 96(g) 2.749 (2) 
2 A148(/`) 2.830 (1) 
1 Al 48(/`) 2.720 (1) 
1 Mn 16(c) 2.797 (1) 
1 Mg 8(b) 3.222 (1) 
2Mg 16(d) 3.112(1) 

12 

Distorted pentagonal prism 
A148(/`)-- 2 AI 96(g) 2.720 (I) 

4 AI 96(g) 2.830 (I) 
4 AI 48(/̀ )0 2.825 (2) 
2 Mn 16(c) 2.573 (1) 

12 

Approximate hexagonal prism 
Mg 16(d)--12 A196(g) 3.112(1) 

2 Mg 8(b) 3.143 (1) 
14 

Friauf polyhedron (Fig. 1) 
Mg 8(b)--12 AI 96(g) 3.222 (1) 

4 Mg 16(d) 3.143 (1) 
16 

Lorentz-polarization corrections were applied. Structure solu- 
tion in space group Fd-3m using direct methods located all the 
atomic positions and species correctly. The position with point 
symmetry 3m was used as the origin of the atomic coordinate 
system in this structure solution instead of the position with 
point symmetry 43m used by Samson (1958). It was found that 
all the atomic positions obtained from this solution were equiv- 
alent to those derived in Samson's solution of the E phase with 
the position of Cr corresponding to Mn in our solution of the 
T phase. Final refinement of the structure was carried out us- 
ing a full-matrix least-squares method. All calculations were 
performed using the SHELXTIc'PC software system (Sheldrick, 
1990). 
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Abstract 
The structures of neodymium hydroxide chromate 
and pentaaquaterbium(llI) chromate dihydrate have 
been determined. Two kinds of Nd atoms, with 
different environments, are present in the structure 
of Nd2(OH)2(CrO4)2. The coordination polyhedron 
of the eight O atoms around the Nd atoms is a 
square antiprism. In [Tb2(CrO4)3(H20)5].2H20, the 
Tb atoms are nine-coordinated and are located in 
two types of site. The coordination polyhedra 
consist of both a tricapped trigonal prism and a 
monocapped square antiprism. In the two title 
compounds the CrO4 groups are nearly regular 
tetrahedra, having mean Cr - -O  distances of 
1.651 (7) and 1.650 (7) A for Nd~(OH)2(CrO4)z 
and [Tb2(CrO4)3(H20)5] .2H20 ,  respectively. 
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Comment 
This work is part of a series of structural studies of 
lanthanoid chromates (Lepp/i-aho & Valkonen, 
1991, 1992; Leppfi-aho, 1993). At the moment six 
structures are known for rare-earth chromates: 
[Ln2(CrO4)3(H20)5].2H20 [Ln = Nd, Eu (Leppfi-aho 
& Valkonen, 1991), La (Habekost, Christensen & 
Hazell, 1991) and Sm (Bueno, Parada, Monge & 
Ruiz-Valero, 1991a)]; Ln2(OH)2(CrO4)2 [Ln = Yb 
Leppfi-aho & Valkonen, 1992), Er (Bueno, Parada, 
Monge & Ruiz-Valero, 1991b), Gd and Tb (Leppfi- 
aho, 1993)] ;  [Yb2(OH)2(CrO4)2(H 20)2.5].0.5 H 20 
(Leppfi-aho & Valkonen, 1992); La(OH)(CrO4) 
(Bueno, Parada, Garcia, Puebla, Monge & Ruiz- 
Valero, 1989); Ce(CrO4)>2H20 (Lindgren, 1977); 
Ln3(OH)(CrO4)4.3.5H20 [Ln = La (Habekost, 
Christensen & Hazell, 1991), Pr and Nd (Leppfi- 
aho, 1993)]. In the two title compounds, 
[Tb2(CrO4)3(H20)5].2H20 and Nd2(OH)2(CrO4)2, Tb 
has the highest and Nd the lowest atomic number 
known for this type of lanthanoid compound. 

In the synthesis of Nd2(OH)2(CrO4)2, 264 mg of 
Nd203 was mixed with 4cm 3 of 0 . 6 m o l d m - 3  
H2CrO4; [Tb2(CrO4)3(H20)5].2H20 was synthesized 
by mixing 220 mg of Tb407 with 6 cm 3 of 
0.3 tool dm -3 H2CrO4. The mixtures were put in a 
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