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Abstract 

The so-called T-phase occurring in the ternary system A1-Ta-V was prepared at 1273 K from bcc-A135 48Ta32_42V17 3o solid 
solutions which themselves were obtained by arc-melting compressed mixtures of the elements. The structure of ~'-AI29Ta2.TVL4 
was determined by means of X-ray powder diffractometry: a = 509.94(2) pm; b = 1198.69(5) pm; c = 732.25(3) pm; space group, 
Crnca; Z = 4; Pearson symbol: oC28; wRp = 0.040. The structure is made up of four crystallographically distinct metal atoms. 
Two sites are statistically occupied. All atoms have Frank-Kasper type coordination with 12, 15 and 16 nearest neighbours. The 
relative frequency of the distinct configurations is 3:2:2. T-m12.9Ta2.7Vl.4 forms a new type of pentagonal antiprismatic columnar 
structure based on a tetrahedral close-packed arrangement of the atoms. 
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1. Introduction 

Recent  preparative and structural reinvestigations of 
binary A I - T a  phases have uncovered three phases 
with triclinic, monoclinic and hexagonal symmetries, 
all with complicated structures [1,2], and m169Ta39 
[3 ], a new y-brass-related giant cubic cell structure. In 
continuation of our efforts to unravel the phase 
relations in the binary and adjacent ternary systems we 
have studied the A 1 - T a - V  system in the neigh- 
bourhood of the so-called Y- [4] or r-phase [5]. This 
phase was first found by Raman in 1966 [4] by 
generating an isotherm at 1273 K. Raman correctly 
located the phase around Al40Tan0V20. The homo- 
geneity range and the structure of the phase were not 
determined, however. 

We studied the system prepared at 1073-2123 K in 
the compositional range A128_55Ta20_55V10_35. The 
electrical resistivity of selected samples was measured 
in the range 18-325 K. The structure of the ~--phase 
was solved by direct methods from integrated X-ray 
powder  intensities and subsequently refined by fitting 
the diffraction profile. The results are reported here. 
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2. Experimental 

2.1. Preparation 

A1 (99.93% AI, Eckar t -Werke)  was used as ob- 
tained. Ta (60 mesh, 99.8%, Ventron, Karlsruhe) and V 
(99.7%, Ventron) were inductively heated (Ta, 2173 K; 
V, 1773 K) in a tungsten crucible (P < 10 -3 Pa) prior to 
use. Compressed mixtures of the elements (approxi- 
mately 500 mg per pellet, 48 samples) were arc-melted 
on a water-cooled copper plate under flowing Ar  (3 1 
mln , 99.996% Ar, Messer Griesheim, Darmstadt) 
using a non-consumeable tungsten tip as a second 
electrode. The composition was recalculated by sub- 
tracting the mass loss (<4 mg), assuming that only 
aluminium evaporates from the melt. The as cast 
samples were transferred into ampoules welded from 
tantalum tube (diameter 8 mm, Metallwerke Plansee 
Vertriebsgesellschaft, Ostfildern) under Ar. The am- 
poules were either sealed in previously evacuated 
quartz glass ampoules or heated under vacuum. The 
ingots were annealed at temperatures ranging from 
1073 to 2123 K. The temperature was controlled using 
PtRh-thermocouples or a pyrometer  depending on 
whether the samples were annealed in electrical resist- 
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ance furnaces or in an induction furnace (h.f. genera- 
tor HG 54, Himmelwerk, Ttibingen). The accuracy of 
the specification of temperature is estimated to be 
< + 3 0  K. 

2.2. X-Ray diffraction 

All samples were characterised by X-ray diffraction 
using a Guinier camera FR552 (Enraf-Nonius, Delft, 
NL) and Cu-Ka~ radiation. Highly pure silicon (from 
Heliotronic, a = 543.10646(8) pm [6]) was used as an 
internal standard. Powder diffractograms (Cu-K~) 
were recorded at ambient temperature employing a 
diffractometer PW 1050/25 (Philips, Eindhoven, NL) 
driven by a controller UDS2 (Skoronek, Jtilich). Inten- 
sities were measured every 0.03 ° for 60 s in the range 
7°~<20~<1100 °. Data processing was accomplished 
using the. program DIFWAWF [7]. The crystal structure 
determination was performed by means of direct 
methods in combination with Fourier calculations 
using the program SHELX-76 [8]. The diffraction pro- 
files were fitted by employing a modified Rietveld 
version [19]. The figures of the structure were drawn 
with SCHaKAL92 [10] and POLIEDRI [11], respectively. 

2.3. Electron diffraction 

Electron diffraction experiments were performed 
with a CM30ST microscope working at 300 kV 
(Philips, Eindhoven, NL). Vapour-deposited gold was 
used as lhe standard for the calculation of d spacings. 

2.4. Electrical resistance 

The electrical resistance of microcristalline samples 
was measured in the temperature range 18-325 K 
using a heatable cold head D105 (Cyro Physics) 
connected to a closed-cycle He cryostat and a tem- 
perature controller (Lake Shore). Four copper wires 
were attached to pressed, sintered powder samples of 
A12.sTa2sV1 4, AI2.gTa2.7VI. 4 and AIs.ITa2.sV1. 4 with 

silver paste. The outer wires were connected to a dc 
current generator TR 6142 (Advantest). The decay of 
voltage at constant current was measured between the 
two inner contacts every five degrees. The large 
internal resistance of the digital multimeter 195 A 
(Keithley) guaranteed the elimination of contact resist- 
ance. Thermopower effects were compensated by 
switching the current flow. 

3. Results and discussion 

3.1. Homogeneity range and phase relations 

As cast bcc solid solutions of compositional range 
A135 48Ta32 42V~7 30 transform in a solid state reaction 
below 1473 K into the ~-phase. Samples richer in 
aluminium and poorer in tantalum contain phases of 
the A169Ta39-type [3] and the Al3Ta-type [12] as 
by-products. The o--phase [13] is present in samples 
richer in tantalum. A conclusive indexation of a 
Guinier diagram of the r-phase on the basis of a 
C-centred orthorhombic lattice was obtained by apply- 
ing the indexing routine TREOR [14]. 

A noticeable phase width is indicated by a variation 
of the lattice parameters: a, 505.1-510.9 pm; b, 1197.5- 
1202.7 pm; c, 720.2-733.9 pm; (see Table 1). The 
values of the a and c axes particularly depend on the 
metal ratios V/Ta and A1/Ta respectively. 

Along with the diffraction patterns of the ~'-phase 
between four and ten extra reflections of very weak 
intensity were always observed. The four reflections of 
highest intensity are marked by arrows in Fig. 1. 
Contamination by oxygen was excluded as cause for 
the additional reflections: synthesis in the presence of 
0.5 mol% oxygen added in form of Ta20 5 did not lead 
to an increase in the intensities of the extra reflections. 
However, the formation of a superstructure associated 
with possible ordering of atoms on two statistically 
occupied sites was ruled out by electron diffraction 
experiments which proved the translational symmtries 

Table 1 
Lattice parameters of the r-phase depending on composition of the samples; coexisting phases 

Composition a (pm) b (pm) c (pro) R i" Coexisting phases 

A13,,Ta35V: ~ 508.0(3) 1202.7(4) 732.2(3) - -  

AI~Ta~V- o 510.9(8) 1200.4(8) 720.2(3) - -  

A145YazsV:5 505.1(1) 1197.5(2) 725.7(2) - -  
AI3~Ta35V, 0 506.57(2) 1199.20(6) 732.21(3) 0.0397 
A146Ta3~V~ 510.47(3) 1197.90(7) 733.94(4) 0.0437 
AI45Ta35V:o 509.94(2) 1198.69(5) 732.25(3) 0.0146 

~-type 
Al~9Ta39-type 
Al3Ta-type 
Al~9Ta3,~-type 

m 

w 

Residual value R I = • II,,h~ lc.,cl/E 1,,hs of the profile refinement; if no R-value is stated, the lattice parameters were calculated from Guinier 
data. 
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Fig. 1. Measured and calculated X-ray powder diffractogram of 
r-A145Ta35V~o; the difference plot is shown in the lower part of the 
figure. Arrows indicate the locations of the four strongest reflections 
of an unknown by-product. 

to be correct. A conclusive indexation of these reflec- 
tions was not found. Their origin remains obscure for 
the present. 

Table 2 
Indexation of "r-AlasTa35V2o, 20-values (<50 °, Cu-K%),  observed 
and calculated intensities 

h k 1 20 l~l~ I ,~ 

0 2 0 14.768 295 286 
0 2 1 19.119 64 64 
1 1 1 22.485 497 494 
0 0 2 24.289 54 52 
0 2 2 28.544 1 1 
0 4 0 29.788 265 267 
1 3 1 30.917 13 12 
1 1 2 30.953 222 217 
0 4 1 32.249 216 212 
2 0 () 35.167 162 170 
1 3 2 37.672 999 1000 
2 2 0 38.330 83 87 
0 4 2 38.799 210 216 
0 2 3 39.843 476 487 
2 2 1 40.331 932 943 
1 1 3 41.674 410 413 
2 0 2 43.201 139 136 
! 5 1 43.466 482 473 
0 6 0 45.355 79 82 
2 2 2 45.899 1 1 
2 4 0 46.737 4 4 
1 3 3 47.088 1 ! 
0 6 1 47.11l 41 40 
0 4 3 48.033 25 25 
2 4 1 48.454 92 94 
1 5 2 48.746 42 43 
0 0 4 49.765 4 13 

3.2. Structure determination 

Owing to the groups of systematically extinct reflec- 
tions the symmetry of the structure was assumed to be 
Cmca. Taking this space group as a basis the structure 
could be solved from integrated intensities (program 
DIFFRAKT [7]) by direct methods (Ta) in combination 
with Fourier syntheses (V, AI). Subsequent diffraction 
profile fitting [9] converged at R 1 =0.0146, Rp= 
0.0270 and wRp = 0.0400. These results were obtained 
with the assumptions that (i) all sites were completely 
occupied and (ii) all three distinct metal atoms do not 
occupy a single site. In view of the existence of the bcc 
solid solution the latter assumption does not always 
hold. However, this constraint is necessary for an 
unambigious refinement of the site occupancy factors. 
The metals assigned to the electron density were 
chosen with consideration of the composition of the 
samples. 

Fig. 1 shows the profile fit together with the differ- 
ence plot of a sample of composition AI45Ta35V20. 
Intensities and hkl values of reflections with 20 < 50 ° 
are listed in Table 2. Table 3 gives essential infor- 
mation concerning the profile fitting. Positional and 
displacement parameters are listed in Table 4, relevant 
interatomic distances are listed in Table 5. 

Table 3 
Parameters of the Rietveld refinement of AI2 9Tae.TVl 4 

Nominal composition 
Composition according to Rietveld 
Parameters 
Range (20) (°) step width (°) 
Count time per step (s) 
Radiation 
Refined phases 
Number of variables 
Profile fit 
Background 
Structure and profile data 
Molar mass (g mol ' )  
Space group 
Lattice parameters a (pm) 

b (pm) 
c (pm) 

Volume (106 pm 3) 
Number of formula units Z 
Halfwidth parameters U 

V 
W 

Asymmetry parameter 
Peak shape parameter y 
R-values R 

Rp 
wRp 

AI45Ta35V2o 
AI41Ta38V21 

10-95/0.03 
60 
Cu-Kc~ 
1 
25 
pseudo-Voigt 
refined 

653.5 
Cmca (64) 
509.94(2) 
1198.69(5) 
732.25(3) 
447.59(3) 
4 
0.27(2) 
-0.14(1)  
0.056(2) 
0.16(2) 
0.79(1) 
0.0146 
0.0270 
0.0400 



Table 4 
Atomic coordinates and equivalent isotropic displacement parame- 
ters of A1, ~Ta 27V~ 4 

~' Site occLpancy factor fw = l -fT,2 = 0.73(1 ). 
hfA,, = 1 -fr,3=0"88(1)" 

Table 5 
Interatomic distances (pm) for AI29Ta27V~. 4 

Tal 

V1 

(a) 

A12 

A12 1 × 271.1(8) All AI2 
1 × 276.0(8) V1 
2 × 300.6(4) Tal 

Tal 1 × 283.l(2) 
2 × 310.4(1 ) 

All 1×291.3(1) A12 All 
2 × 291.6(1) V1 

V1 2 x 303.6(2) V1 
2 x 309.6(1) Tal 
2 x 372.3(1) 

VI 2 × 255.0(0) 
AI2 2 × 263.7(7) 

2 × 282.0(7) 
All 2 x 272.0(1 ) 
Tal 2 × 303.6(2) 

2 × 309.6( 1 ) 

C 

2 × 261.5(8) 
4 × 272.0(1 ) 
2 × 291.3(1) 
4 x 291.6(1) 

1 x 261.5(8) 
2 x 263.7(7) 
2 x 282.0(7) 
1 / 271.1(8) 
1 x 276.0(8) 
2 x 300.6(4) 
2 × 284.8(5) 
2 x 372.8(4) 
2 x 375.8(4) 

3.3. Features o f  the crystal s tructure 

A p r o j e c t i o n  of  the  s t ruc ture  of  'r-A12.9Ta2.7Wl.4 
a long  a is shown in Fig. 2(a). T h e  s t ruc ture  is com-  
p o s e d  of  four  c rys t a l log raph ica l ly  d is t inct  a t o m s  lo- 
ca t ed  irt m i r r o r  p l anes  p e r p e n d i c u l a r  to  a at  he ights  
x = 0, 1 ,'2 (Ta l ,  A l l / T a 3  and  A12) or  in gl ide p l anes  at 
he igh ts  x and  z = 1/4, 3 / 4  (V1/Ta2) .  Two  sites, A l l /  

Ta3 a n c  V 1 / T a 2 ,  a re  s ta t i s t ica l ly  occupied .  T h e  a t o m s  
in the  m i r r o r  p l anes  are  a r r a n g e d  in i r r egu la r  p r i m a r y  
nets.  A s  m a y  be  c lear ly  seen  in Fig. 2(b), t he re  a re  

t h ree  d:~stinct ve r t ex  conf igura t ions  [15]: 5353 (A l l ) ,  
32535 (AI2), and  3252 (Tal ) .  Such ve r t ex  conf igura t ions  

necessa r i ly  imply  i r r egu la r  t r iangles  and  pen tang les .  
N e i g h b o u r i n g  nets  a re  sh i f ted  accord ing  to  the  centr -  
ing of  the  la t t ice ,  thus  fo rming  edge-  and  f ace - sha red  
(para l le t  e.g. [0 1 -1] and  [0 1 1]) p e n t a g o n a l  ant ip-  

r i smat ic  co lumns  which  have  V 1 / T a 2  in the  centre .  
Fig. 3 emphas i s e s  this f ea tu re  of  the  s t ruc ture .  In te r -  
est ingly,  the  c o n d e n s a t i o n  and  o r i e n t a t i o n  of  the  
an t ip r i sma t i c  co lumns  a re  h ighly  specific in so far as 
the  space  in b e t w e e n  t h e m  is c o m p l e t e l y  fi l led by  
d i s to r t ed  me ta l  t e t r a h e d r a .  T h e  th ree  d is t inct  t e t r a -  
hedra ,  A123Ta 1, A l l A 1 2 T a l  2 and  A122Tal  2, a re  ar- 
r anged  in chains  cons is t ing  o f  t rans-edge-sharing stel-  
lae q u a d r a n g u l a e ,  i.e. four  t e t r a h e d r a  fused  via  a fifth 
cen t ra l  one.  Since the  cen t r ed  p e n t a g o n a l  an t ipr i s -  

--b r 

f 

bl 

Atom Site x y z B (104 pm 2) 

Tal 8f 0 0.4122( 1 ) 0.1292(2) 1.75(5) 
V1/TaT ~ 8e 0.25 0.6297(2) 0.25 1.7(1) 
All/Ta3 h 4a 0 0 0 0.8(2) 
AI2 8f 0 0.2858(6) 0.4362(11) 1.0(2) 

A 

® 

O x =  0.5 
O x = O  
0 x = 0.25 
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(b) 

0 0 

Fig. 2. The structure of r-A12 ,)Ta 27V~ 4 (a) viewed along the a axis; 
(b) with emphasis on the irregular nets formed by All, A12 and Tal. 

Fig. 3. View of the structure of T-AI2.gTa27V14 with emphasis on the 
arrangement of highly condensed columns running parallel to a. 

mat ic  co lumns  can also be  subd iv ided  in t e t r a h e d r a ,  
the  s t ruc ture  can be  c o n s i d e r e d  as a specific t e t r a -  
hed ra l  c l o s e - p a c k e d  a r r a n g e m e n t .  W i t h  r e spec t  to  this  
f ea tu re  the  s t ruc ture  is un ique  a m o n g  those  c o m p r i s e d  
of  p e n t a g o n a l  an t ip r i sma t i c  co lumns ,  such as A l s F e  2 
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[16], or distinct modifications of tantalum-rich sul- 
phides such as Ta6S [17,18] or  Ta  6 xWx S [19]. In none 
of these pentagonal antiprismatic columnar structures 
is the volume between the columns so small: the 
degree of condensation of pentagonal antiprismatic 
columns reaches its maximum in the structure of the 
r-phase. 

The characteristic features of a tetrahedral close- 
packed (tcp) structure are reflected in the local coordi- 
nation configurations, all of which are of the Frank- 
Kasper type [20,21] (see Fig. 4). The coordination 
numbers CN { } and mean distances () are for All 
{12}, (280.0 pm), for V1 {12}, (281.0 pm), for A12 
{15}, (304.5 pm), and for Tal: {16}, (306.1 pm). As is 
indicated by the range of distances in the primary 
coordination sphere (Table 5), all polyhedra except for 
that about All are significantly distorted. Neverthe- 
less, they interpenetrate completely, as is typical for 
tcp structures [20-23 ]. The degree of distortion results 
from the frequency of the three distinct coordination 
configurations, 3{12}:2{15 }:2{16}. This frequency corre- 
sponds to an average CN of 14.0 compared to 13.33- 
13.50 for Frank-Kasper phases [20,21]. This mean 
value is too large for a a tcp structure fulfilling the 
requirements of the dihedral angle principle [23 ]. This 
states that the mean dihedral angle of all distorted 
tetrahedra in tcp structures does not differ by more 
than 0.1 ° from the dihedral angle of a tetrahedron, i.e 
cos-l(1/3). 

The r-phase is a moderate metallic conductor with a 
resistivity in the mg2 cm range (see Fig. 5). Finally, it 
should be mentioned that we decided to retain the 
label r [5] in order to emphasise the relationship 
between this structure type and that of or-phases. Note 

/" ) 

Fig. 4. Coordination polyhedra around the four crystallographically 
distinct atoms. 

p/mQ, xcm 

I I I I I f 

1.22 0.74 

1.18 

0.72 

I I I I I I 

50 1 O0 150 200 250 300 T /K  

Fig 5. Temperature dependence of the specific electrical resistivity 
of three r-phases: (A) A142Ta38V2o; (B) AI43Ta36V21 (lefthand scale); 
(C) Ala4Ta36V2~ (righthand scale). 

that a o--type phase exists in the neighbourhood of the 
r-phase (see Table 1). 

4. Conclusions 

(i) The r-phase occurring in the ternary system 
AI-Ta-V forms at 1273 K from bcc- 
A135_48Ta32_42V17_30 solid solutions in a solid-state 
reaction. 

(ii) The structure of the r-phase represents a new 
type of a Pentagonal antiprismatic columnar structure. 
The specific condensation and orientation of the 
columnar units afford a unique tetrahedral close- 
packed structure. 
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