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YaCo5, a New Monoclinic Phase with Co Centred Trigonal Prisms 

BY J. M. MOREAU,* D. PACCARD* AND E. PARTHI~ 

Laboratoire de Cristallographie aux Rayons X, Universitd de Genkve, 24 Quai Ernest-Ansermet, 
CH- 1211 Geneva 4, Switzerland 

(Received 23 June 1975; accepted 28 June 1975) 

Y8Co5 crystallizes with a new monoclinic structure type. Space group P2Jc (No. 14), a= 7"058 (2), b= 
7.286 (2), c = 24.277 (8)A, fl= 102.11 (7) °, Z= 4. Symbolic addition method, counter technique, absorp- 
tion correction, least-squares refinement. R=0.09 for 725 reflexions. The structure is built up from 
structural units consisting of trigonal prisms formed by Y atoms and centred by Co atoms. These units 
are linked in different ways, some sharing faces, some edges and some corners. Nevertheless the value 

- of 3¼ for the trigonal prism linkage coefficient is in agreement with the overall composition of the 
compound. The structure may be characterized by layers of double prisms with an arrangement related 
to FeB. 

Introduct ion  

Phase diagrams for the system Y-Co have been 
published by Buschow (1971), and by Ray (1974) who 
refers to an earlier proposal by Strnat, Ostertag, Adams 
& Olson (1965). There is general agreement that for 
stoichiometries ranging from 0 to 50 at. % Co at least 
two intermetallic phases exist: YaCo with the ortho- 
rhombic Gd3Ni(FeaC, NiA13) type (Buschow & van 
der Goot, 1969) and Y4Co3 with the hexagonal Ho4Co3 
type (Lemaire, Schweizer & Yakinthos, 1969). Bus- 
chow, however, pointed out that close to Y4Co3 there 
are two other unidentified phases. One of these has 
been identified as orthorhombic Y3Co2 (Moreau, 
Parth6 & Paccard, 1975) which crystallizes with a 
shift structure variation of the monoclinic Dy3Ni2 
structure type (Moreau, Paccard & Parth6, 1974). 

We present the results of our structure determination 

* Present address: Centre Universitaire de Savoie, I.U.T. 
d'Annecy et Laboratoire de Magn6tisme, CNRS Grenoble, 
France. 

on the third phase existing in the region from 30 at. % 
to 50 at. % Co and for which the exact composition is 
YsCo5 with 38 at. % Co. 

E x p e r i m e n t a l  

The alloys were made from commercially available 
elements of high purity: Y 99.9%, Co 99.99%. 
Samples were prepared by conventional arc 
melting techniques and were then heat treated in 
sealed quartz tubes at 700°C for two days. Initial 
stoichiometries were such that the Co content ranged 
from 30 at. % to 40 at. %. X-ray photographs from 
powdered samples were obtained on a Guinier 
camera with Cu Kct radiation. Small crystals suitable 
for X-ray analysis were isolated by mechanical frag- 
mentation from the sample containing 38 at. % Co. 
Weissenberg photographs showed the crystals to be 
monoclinic, space group P21/c (systematic absences; 
hO! with l odd and 0k0 with k odd). 

Lattice constants and intensities were measured 
with graphite-monochromated Mo Ks radiation and a 
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Philips PW 1100 computer-controlled,  four-circle goni- 
ometer with 0-20 scan. Lattice parameters (Table 1) 
were refined by least squares to fit 20 values for 22 
reflexions. The 1243 measured intensities were cor- 
rected for background,  Lorentz and polarization 
factors with LECTIX, TRIX and DATRDN (Flack, Y(1) 
1974a). The crystal was a thin irregular platelet, Y(2) 
70 x 301  10 /~m. Absorpt ion corrections were made Y(3) 
by the experimental  method of Flack (1974b, 1975). Y(4) 

Intensities of  symmetry-equivalent  reflexions are Y(5) Y(6) 
automatical ly collected at intervals of  20 ° in 7; for the Y(7) 
range 0 ° to 180 ° for each reflexion. These measure- Y(8) 
ments were made on a set of  10 independent reflexions Co(I) 
and for 0 values ranging from 0 =  7 ° to 0 =  20 °. Co(2) Co(3) 

CoO) 
Co(5) 

Table 1. Crystallographic data for YsCos 

Space group P2~/c (No. 14) 
a= 7"058 (2) /~ 
b= 7"286 (2) 
c= 24.227 (8) 
fl = 102.11 (7)° 
Z=4 
F(000) = 1788 
D~ = 5.48 g cm -3 
p(Mo K~)=445 cm -~ 

S t r u c t u r e  d e t e r m i n a t i o n  and re f inement  

The phases of the 155 largest (E>  1.5) normalized 
structure factors were determined by symbolic addit ion 
with LSAM (Main, Woolfson & Germain,  1972). 
From the various sets of  phases generated, the one 
with the highest absolute figures of  merit  was chosen. 
The E map  calculated with these 155 reflexions 
revealed 8 Y and 5 Co atoms, all in general positions, 
and with reasonable interatomic distances. This was 
in agreement with calculations based on the atomic 
volume of  the elements which indicated that the unit 
cell could accommodate  four Y8Co5 units. Moreover 
this stoichiometry agreed with the original composit ion 
of  the sample from which the crystal was chosen. 
Allowing variation of  posit ional and isotropic 
thermal  parameters the structure refined satisfac- 
torily with CRYLSQ (X-RAY System, 1972). Rela- 
tivistic Har t ree -Fock  scattering factors were used 
(Cromer & Mann,  1968). Anomalous  dispersion 
corrections were taken from International Tables for 
X-ray crystallography (1974). The value of R(-YI~JFI/ 
~[Fol) was 0.09 with 725 observed reflexions for 
which [Fol > 2aF. A difference map  did not show any 
significant electron density representing missing atoms 
in the structure.* The final posit ional and thermal  
parameters are listed in Table 2. 

* A table of observed and calculated structure factors has 
been deposited with the British Library Lending Division as 
Supplementary Publication No. SUP 31228 (14 pp., 1 micro- 
fiche). Copies may be obtained through The Executive Secre- 
tary, International Union of Crystallography, 13 White Friars, 
Chester CH1 1NZ, England. 

Table 2. Atomic parameters for YsCos with e.s.d.'s 
in parentheses 

Isotropic temperature factor is exp [-8r~ zU(sin 0/22]. Space 
g r o u p  P2Jc. Al l  a t o m s  in  e q u i p o i n t  4(e) .  

x y z U (/~2) x 102 
0"360 (1) 0"185 (1) 0"963 (1) 1"2 (2) 
0"471 (1) 0"173 (1) 0"823 (1) 1"2 (2) 
0-308 (1) 0.815 (l) 0.298 (1) 1.1 (2) 
0.212 (1) 0.835 (1) 0.441 (1) 1.3 (2) 
0.000 (1) 0.181 (1) 0.337 (1) 1.2 (2) 
0-188 (1) 0.182 (1) 0.196 (1) 1.0 (2) 
0.685 (1) 0.956 (1) 0.415 (1) 0.9 (2) 
0.141 (1) 0.976 (1) 0.064 (1) 1.5 (2) 
0.025 (1) 0.142 (1) 0.479 (1) 1.6 (3) 
0.835 (1) 0-028 (1) 0.133 (1) 1.1 (3) 
0.637 (1) 0.029 (1) 0.282 (1) 1.6 (3) 
0.097 (1) 0.030 (1) 0-765 (1) 1.3 (3) 
0.489 (1) 0.884 (1) 0.905 (1) 1.5 (3) 

As this structure is of  a new type, a listing of  the 
low-angle reflexions with corresponding intensities for 
X-ray powder diagram identification is given in Table 3 
(Yvon, Jeitschko & Parth6, 1969). 

Table 3. Calculated powder data for Y8Co~ for Cr K~ 
radiation (2=2.29092/~)  

Intensity calculated from point positions obtained from single- 
crystal data. I=mF'(1 +cos z 20)/(sin2 0. cos 0) is normalized 
to the strongest reflexion having intensity 1000. 

H K L I01.81~?O INIENSIIY H K L 10'-sln~0 INI{NSITY 
Q 0 2 9 .35  103 .9  2 1 - 5  159 .70  60 .3  
0 1 1 27 .06  56 .0  1 2 °5  168 .c¢ ,  513 .9  
1 o o z r . s s  12 .7  o 1 e ~ 7 ~ . 3 r  5T9 .8  
1 0 -2  30 .17  0 .6  2 0 ~ 17~ .56  3 .0  
o 1 2 3w.07 28 .9  1 1 - 6  17w .96  0 .9  

177 .31  7~.2  ~.3.6~, l o l  .o  
o 1 3 ~5.76 62.b 2 1 -6 178.69 292.9 

1 c -w  51 .q9  22 .6  - 1 9 0 . q O  123 .2  
1 1 0 52 .27  2 . 2  1 1 7 190.W2 62k .2  

1 I - :  . . . . . . . . .  2 t ~ . . . . . . .  z . . . .  
1 57 .98  66 .1  5 201 .72  27 ,1  
0 1 ; 67 .13  8 .1  7 1 - 7  702 .35  37 .9  

I I  . . . . . . . . . . . . . . . . . . . . . . . .  2 60 .36  7 .5  2 2 - 1  20~ .68  qS .0  
1 1 -~, 76 .21  75 .0  7 2 - 7  20~ , .96  137 .~  
ol o ~ . . . . . . . . .  g o - :  . . . . . . .  08 .?  

1 83.18 7 .o  ~09 .08  18 .~  
1 1 3 83 .~7  13 .5  7 7 - 3  2~ : . 91  212 .0  

1o . . . . . . . . . .  l 0 1 - 9  . . . . . . . . .  
o - 6  91 .53  11 ,5  713.~5 72 .5  

1 1 - 5  93 .8 :  1 ; . 9  0 1 9 21 ; . 17  1 ; . 1  

1 0 1 . 2 1  7 1 8 . 1 5  0 , 0  
1 1 ~ 103 .15  16 .3  2 7 -~  219 .55  3~7 .9  

0 1 6 108 .90  8 .6  1 0 -10  227 .71  163 .9  

12 10 (~ . . . . . . . . . .  1 13.68 . . . . . . . . . .  - 116.7~ 37 .7  730 .6 :  ~5.6 
0 2 3 119 .92  ~5 .3  1 2 6 730 .81  167 .8  

731 .90  ~9 .6  12 .3  125 .39  - 1  
1 7 o 126.~,7 36 .7  o o 1o 233 .83  lO . f ,  

: : :  . . . . . . . . . . . . . . . . .  0 3  
130 ,53  110 .1  3 0 - 2  737 ,11  0 .1  

: ~-g . . . . . . . . . .  o : 2  . . . . . . . . . .  
131 .9~  58 .~  2~ .96  53 .6  

1 2 1 137 .13  333 .1  3 o o 2q7 .96  o .o  

. . . . . . . . .  1 3  . . . . . .  , . . . . .  
2 1 - 3  125 .76  153 .3  1 7 - 8  7~9 .13  28 .1  

- 13~ .36  3 .~  7 7 3 250 .33  00 .9  
0 1 7 139 .30  0 .1  1 1 -10  257 .q3  18.9 

1 : , 3 . 2  ? 0 .8  752 .8~  70.=. 
z 1 1 1~ . . 00  10 .5  1 3 1 255 .77  9¢,3.0 

8 1~9 .65  370 .~  2~9 .52  56 .3  
1 0 °8  150 .76  71 .8  0 3 =, 259 .8?  59 .7  

1 7 . . . . . . . . . . . . .  I ~ : ~  76 ~3 . . . . . . . . .  : 7 0  o - 6  153 .97  573 .5  
1 6 156,66 210 .7  3 i - 3  763 .~  276.1 

: 2 5  . . . . . . . . . . .  : ~ - ;  . . . . . . . . . .  
157 ,57  52 .3  76~ .5?  9 .6  

2 1 7 157 .75  1000 .0  3 1 - 1  76 l * .  97 376 .~  

D i s c u s s i o n  

A study of  the crystal structures of rare earth (or Y)- 
transit ion element compounds  RmT, with m>n has 
revealed the prominence of a characteristic structural 

A C 32B - 11" 
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element: the trigonal prism formed by R and centred 
by T atoms [see for example Parth6 (1970); Moreau, 
Paccard & Parth6 (1974)]. These trigonal prisms occur 
also in YsCos with all Co atoms at the prism centres. 
The interatomic distances between Co atoms and its 
neighbours up to 3.70 A are given in Table 4. The six 
closest Y atoms form the surrounding trigonal prism. 

Table 4. lnteratomic distances o f  Co atoms in 
YsCos up to 3.70 A 

All e.s.d.'s are 0.01 /~. The Y atoms forming the surrounding 
trigonal prism are marked with an asterisk. 

Co(1)-Co(1) 2.35 Co(3)-*Y(2) 2.91 
*Y(1) 2.78 *Y(3) 2.93 
*Y(4) 2.80 Y(7) 3.22 
*Y(8) 2.81 Y(6) 3.58 
*Y(4) 2.85 Co(4)-Co(3) 2.43 
*Y(7) 2.90 Co(2) 2.44 
*Y(7) 3-00 *Y(6) 2.84 
Y(5) 3-44 *Y(6) 2.85 
Y(8) 3-45 *Y(5) 2.87 

Co(2)-Co(5) 2.37 *Y(5) 2.89 
Co(4) 2.44 *V(2) 2.92 
*Y(5) 2.81 *Y(3) 2.94 
*Y(4) 2-85 Y(3) 3.15 
*Y(6) 2-86 Co(5)-Co(2) 2.37 
*V(1) 2.90 *V(8) 2.75 
*Y(2) 2.98 *Y(4) 2.81 
*Y(3) 2.99 *V(7) 2.82 
Y(8) 3.00 *Y(2) 2.86 

Co(3)-Co(4) 2-43 *Y(1) 2.87 
*Y(2) 2.75 *Y(3) 3.00 
*Y(6) 2-82 V(1) 3.19 
*Y(5) 2-85 V(6) 3.70 
*Y(3) 2-89 

Except for Co(2) the seventh nearest Y atom is 
considerably further away. Four prisms, around 
Co(2), Co(3), Co(4) and Co(5), share one prism edge 
(parallel to the threefold prism axes) and form, to a 
first approximation, a semicircular structural unit with 
its mare axis almost parallel to b. Each unit is connected 
along b with a unit below by means of a common 
prism base edge and similarly connected to a four- 
prism unit above. A centre of symmetry relates two 
prisms around two Co(l) atoms. They share a rec- 
tangular face and thus form a double prism whose 
main axis is almost parallel to a. The prism linkage can 
be seen in Fig. l(a), (b), and (c) which presents a 
projection of the YsCos structure along b. 

Another description of the structure is given in 
Fig. 2(a) and (b) which shows the arrangement of the 
prisms in layers parallel to (001). In Fig. 2(a) the 
prisms around Co(3) and Co(4) at z~  J4 - are joined 
by one rectangular face to form double prisms. The 
arrangement of these double prisms in zigzag chains 
is similar to the one found in the FeB type structure 
except that in FeB there are infinite bands of prisms 
instead of double prisms. In Fig. 2(b) are shown the 
double prisms around Co(2) and Co(5), both at 
z~~,  and around two Co(l) atoms at z~½. If one 
considers only the Co(2)-Co(5) double prisms in 
this layer, the arrangement is similar to the FeB type 
but with every other double prism missing. The 
Co(1)-Co(1) double prism fills up the empty space 
but with a 90 ° rotation of its trigonal axis compared 
to FeB. As a consequence the Co(1)-Co(1) and Co(2)- 
Co(5) double prisms are displaced along c. 

. 
i 

(a) (b) (c) 
Fig. 1. The linkage of the trigonal prisms in YsCos demonstrated in a projection along b. Large circles represent Y atoms, 

small circles at the centres of the prisms the Co atoms. The numbers inscribed correspond to the numbers of the atoms 
given in Table 2. (a) Arrangement of prisms centred by Co atoms with ¼ <_ yco <- ~4. (b) Arrangement of prisms centred by Co 
atoms with ¼_< Yco <3. (c) Superposition of drawings (a) and (b). 
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It is of interest to compare the structure of mono- 
clinic Y8C05 with the three other structures of similar 
composition: hexagonal Y4C03, orthorhombic YaC02 
and orthorhombic Y3Co. For a comparative analysis 
of structures with trigonal prisms one may classify the 
structures according to the following scheme: (1) Do 
all R atoms participate in the formation of trigonal 
prisms? The answer is yes for all three structure types. 
(2) Are all T atoms at the centres of trigonal prisms? 
This is the case for Y3Co, Y3C02 and Y8C05; however 
in Y4Co3 there is one extra Co atom which is octahe- 
drally coordinated. (3 )What  is the value of the trig- 
onal prism linkage coefficent, LC, which aids in the 
comparison of different structure types having trigonal 
prisms as prominent structural features? To calculate this 
coefficient, it is necessary to consider only prisms centred 
by T atoms. For  each crystallographically different site 
of atom R one determines the number of trigonal prisms 
to which R belongs. LC is this number averaged over all R 
atom sites. The minimum value of LC is 1 which 
corresponds to an isolated trigonal prism. The max- 
imum number is 12, which corresponds to a space 
completely filled with trigonal prisms. The value of 
LC is related to the overall composition of the trigonal 
prism framework according to [R6TLc ]. If there are 
no extra T atoms outside the trigonal prisms the 
composition of the trigonal prism framework (enclosed 
in square brackets) is naturally equal to the compo- 
sition of the compound: R6TLc = [R6TLc]. 

In YsCo5 the eight crystallographically different Y 
atoms participate altogether 30 times in the formation 

of trigonal prisms as demonstrated in Table 5. As all 
eight sites are of equal multiplicity LC is 30/8 = 15/4. 
In due consideration of the fact that no Co atoms are 
outside the trigonal prisms, the total composition 
may be expressed by 

YsCos = [YsCos] • 

Table 5. The participation of the Y atoms in the for- 
mation of the five different trigonal prisms in YsCos 

Y(1) v(2) Y(3) Y(4) Y(5) Y(6) Y(7) Y(8) 
Co(l) 1 - - 2 - - 2 1 
Co(2) 1 1 1 1 1 1 - - 
Co(3) - 2 2 - 1 1 - - 
co(4) - 1 1 - 2 2 - - 
Co(5) 1 1 1 1 - - 1 1 

3 5 5 4 4 4 3 2 30 

The structures of YaCo, Y3Co2 and Y4Co3 have L C =  
2, 4 and 4 respectively. In Fig. 3 are shown projections 
of structural units which, when properly linked, form 
the prism frameworks in YaCo, Y3Co2 and Y4Coa. 
Near each prism corner is written the number of 
prisms which share this corner. The corresponding 
composition formulae for these intermetallic phases are 

YaCo = [YaCo] 
Y3C02 = [Y3C02] 
3Y4Co3 = 4[Y3Co2] + Co.  

(a) (b) 

Fig. 2. The prism arrangement seen perpendicular to (001). (a) Prisms centred by Co atoms at Zco"¼. (b) Prisms centred by 
Co atoms at Zco-~ ~- and ½.. 



500 YaCos, A NEW M O N O C L I N I C  PHASE WITH Co C E N T R E D  T R I G O N A L  P R I S M S  

In Y3Co and YsCos the trigonal prisms are tilted with 
respect to each other as in FeB, while in Y3C02 and 
Y4Coa the prism base planes are parallel as in CrB. In 
Y3C02 and Y4Co3 infinite columns of prisms are formed. 
The change occurring from one framework to another 
is the side by side arrangement of the columns. 

With the use of the concept of the trigonal prism 
linkage coefficient, it is possible to relate the stoichi- 
ometry of this type of compound to the linkage of 
prisms in the crystal structure. Moreover in certain 
cases it should be possible to predict the way the 
prisms are joined together from the knowledge of the 
composition of the alloy. 

The assistance of Dr H. D. Flack with the computer 
programming is acknowledged. 
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The Carvoxime System. I. X-ray Study of dl-Carvoxime (m.p. 92°C) 

BY H. A. J. OONK AND J. KROON 

Laboratoria voor Structuurchemie en Chemische Thermodynamica, RUksuniversiteit, Padualaar, 8, Utrecht, 
The Netherlands 

(Received 28 May 1975; accepted 28 June 1975) 

d/-Carvoxime, C10H~sNO, (m.p. 92°C) is monoelinic P2Je, with a=9.856 (3), b= 11.848 (3), e= 
8.480 (3) A,, fl=98.95 (5) °, z = 4 .  The structure was determined from 1767 independent intensities 
measured with Mo Ke radiation on an automatic four-circle diffractometer and refined by a block- 
diagonal least-squares procedure to R = 0.057. Contrary to previous expectations there is no substitu- 
tional disorder. In the crystal structure hydrogen bonding in which six-membered rings occur is found. 

Introduction 

Ever since its determination (Adriani, 1900) the phase 
diagram of the solid-liquid equilibrium in the system 
d-carvoxime+/-carvoxime has played a controversial 
role. The diagram, which is of type II according to 

Roozeboom's (1891, 1899) classification, suggests a 
continuous series of mixed crystals in which the 1:1 
(the dl) composition, has the highest melting point. 
The possibility of such a type of phase diagram in a 
system of optical antipodes was excluded by Van Laar 
(1908) on thermodynamic grounds, which, however, 


