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ABSTRACT 
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Tables are presented in which are listed the phases which have been reported for 

the silicides of Ti, Zr, V, Nb, Ta, Cr, Mo, and w. Their ideal structure type, lattice 

constants, space groups, parameters of one of the type,and references are tabulated. 

0 



.-. 

-3.-

CRYSTAL STRUCTURES OF TRANSITION METAL SILICIDES 

Carol H.. Dauben 

Radiation Laboratory and Department of Chemistry 
and Chemical Engineering, University of California, 

Berke~ey 4, California 

October 1956 

UCRL-3602 

Recently there has been a great interest in the compounds of silicon with the 

transition metals. Many new compounds have been prepared and their properties 

studied·. In some cases~ where. the ideal composition was unknown, the phases w.ere 

e;iven incorrect name.s, and there has been some confusion as to which phases were 

being referred to. 

In the following tables an attempt has been made to list the phases which have 

been repo~ted in each system, their ideal structure type, lattice constants, para­

meters of one of the type and adequate references. The compositions given are the 

ideal compositions, but·in many cases the actual compositions can deviate widely. 

For some compounds there are wide homogeneity ranges with varying lattice constants. 

In this table no attempt has been made to give the range of lattice parameters, for 

often this is not accurately known. Instead, lattice constants are given for a 

typical composition. For the case where compounds had been reported with the incorrect 

ideal composition, a note has been added in square brackets, stating what the true 

ideal composition is. All early data which had been given in kX units have been con­

verted to Angstroms. The spa~e group notation and positions of the atoms are listed 

as given in the International,Tables.1 

For references to early work in this field, and to properties of these compounds 

see "Refractory Hard Metals,n Schwarzkopf and Kieffer, 2 and for more recent work the 

review paper by Nowotny and Parth~.3 It .is hoped_that these tables will be of use to 

future workers in this field. 

I should like to thank Professors L. Brewer and D. H. Templeton for their 

assistance in the preparation of this paper. 

This work was done 1mder the auspices of the u. s. Atomic Energy Connnission. 



Nominal 
Composition T1 Zr 

orth.-T1St
2 

<4 '1" orth. -ZrSi
2 

(7 ,a) 

""' structure 
unknovn( 5) 

orth. -res< 1) 

structure unknovn;(9) 

not found by ref.(7); 

may be part of ZrSi 

phase regie~. (lO} 

ietr. -u
3
st

2 
( 11 ) 

·called zr
4
st

3 
by 

ref. (9). 
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Table I· 

Structure types of transition metal silici~es 

Nb .. 
beX.-crSt

2 
(l4 ) hex. -CrS1

2 
( 14) 

hex • ..~~n5st3 (6} ~e:x.-Mn5st 3 (l2) 

called Zr ,s,t
2 

by 

ref. (9). · [::~:t:~ ::. ~ -::~:.t:~ ::. j (15) is ternary (12) .is ternary 

compound requiring compound requiring 

Cors.< 16) c·orB.(l6 ) 

'tetr.-Cr 
5
s1;( 17 ,lB) t~tr.-cr5st 3 (l7 ,lS) 

·rhex.-Mn5·,, t,.,. J 
reported in ret. 

(24).~e ternary. 

compound requiring 

C.B or N. (16) 

... , tetr.-CUA1
2 

(ll} 

probably mor~ than 

2 phases near this 

composition. (l2) 

one form is '!so­

structural with 

T8510.2'(13) 

*Another s_tructure has 't!een reported 

for TiS1
2 

- orthorhombic· ZrSi
2 

form(3~) 

~
2S1 reported in~ 

earlier work does 

not exist. (l9 ) 

cubic - "13 W;,(20) 

_tetr.-cr
5
s
3 
(22) 

structure unknovn; 

isostructural .with 

~10 • 2 • (l}) Not 

.found by ret. (9), 

tetr.-cr5s~3 (~B) 
tetr.-cr

5
B

3 

tetr.-.. CUA1~~4 ) 

hex.-Ta4, 5si ideal 

Ni
3
Sn type. (24 ). 

TaSi
0 2 

struCture 

unkno~. (25) 

Difierent from 

Cr 

hex.-CrSi
2 
(l4,2£i) 

cubic~FeSi ( 2~) 

UCRL-3602 

tetr.-CaC
2 
( 29 ~ tetr.-cac

2 
(29) 

[

hex.-Mn5Si3:t,.e­

repo.z:ted in ref. 

(.}O) is te~ry 

compound requiring 
c. (12,16_) . 

. J . 

tetr.-cr
5
s1

3 
(l7 ~ 22 , 28 ) tetr.-cr

5
si

3 
(!~;~~) tetr. -cr

5
s1

3 
(~ 

' 28 '. 
• }l) 

cubic - "13 W" C~2 ) 
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Table II 

Structural data for transition metal silicides 
(in Angstroms) 

TiSi - orthorhombic( 4) - D
24 - Fddd Z = 8 2 2h 

a = 8.252 8 Ti in (a) 

b = 4.782 16 Si in (c) 

c = 8.540 

ZrS~2 type - orthorhombic - D~~ - Cmcm Z = 4 

ZrSi2 a.= 3.721( 8 ) 4 Zr in (c) 

b = 14.68 

c = 3.683 

TiSi2 a = 3.62( 34 ) 

b = 13.76 

c = 3.6o5 

CrSi2 type - hexagonal 

CrSi
2 

a= 4.431( 26 ) 

.c = 6.364 
VSi

2 
a= 4.57l(l4) 

c = 6.371 
a = 4.794( 14) 

c = 6.589 . 
a= 4.782(l4) 

c = 6.565 

4 Sii in (c) 

4 Siii in (c) 

4 D6- P 62 22 Z = 3 

3 Cr in (d) 

6 Si in (j) 

CaC2 type - tetragonal nt~ -I 4/mmm Z = 2 

MoSi
2 

a = 3.206( 29) 2 M in (a) 

c = 7.877 

WSi2 a = 3.218 

c = 7.896 

FeB type - orthorhombic 
ZrSi . a = 6.98 (7) 

2 
b = 3·786 

c = 5·3~\ 

- Pnma 

4 Si in (e) 

z "" 4 
4 Zr in (c) 

4 Si in (c) 

X r::.l/3 

y = 0 .109( 7) 

y \ 0.449 

y = 0.750 

x = 1/o 

z = 0.333 

X"" 0.178 
X ;,. 0.03 

2 

UCRL-3602 

z = 0.125 

z = 0.611 
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Table II 

(2) 

FeSi type - cubic 

CrSi a = 

u3si2 type - tetragonal D~h - P4/mbm 

Zr~Si2 a ~ 7.081(33) 
./ 

c :.:: 3· 701 

zr
5
Si3 

I a ::; 7·958( 33 ) 

c ::.;; 5·564 

cr5si
3 

t:y"})e - t -'- 1 n18 - Il/mcm. evragona~ 4h 
'+ 

v
5
s1

3 
a ;::;: 9 ;lf29 (18) 

c -· 4.756 

Nb
5
s1

3 
a 10.018 ( 18) -

c - 5·072 

Tar:Si.,. a 9·86 
.(18) -

) ) 

c :::; 5.05 

Gr-S;i 
- .· (28) 

5 ) a~-.-1:7-0 

c - 4.636 

Mo
5
si

3 
a ::: 9.642( 28 ) 9.61i31) 

c = 4.905 4.899 

w·
5
si

3 a"' 9·6o5(28) '\ 6L.c;(31) ';). . ~· 

c "" 4.964- 4.969 

z "'= 4 

z = 2 

z "" 4-

9.66(:2l) 

4.99 

9o56( 2l) 

4.94 

4 M in (a). 

4 Si in (a) 

2 Zr in (a) 

4 Zr in (h) 

4 s:_ in (g) 

4 M, in (d) 
....... 

. 4 ~ in (g) .(.I . 

4 S . . f ) 
l 1.11 ,g, 

UCRL-3602 

~e = 0.139 

XSi :;,: 0.845. 

0. 1~(11) 
X"" • (,, 

X.. "" 0.23 J.VL."l . 

~ 
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Table -'Ii ,< 
····.;-(3) ,; -

18 ... , 
cr

5
B

3 
type - tetragonal __ D4h - I4/mcm 

Nb
5
Si

3 
a= 6o55

7
(22 ) 

UCRL-36o2 

z = 4 

4 M in (c) 

c = 11.86 
0 

16 M in (Q ) ~ = 0 o 166 ~ = 0 .15 

a = 6.503 
c = 11.849 

CuA1
2 

type - tetragonal nt~ -I4/mcm 

· Zr
2
Si a = 6o599(ll) 

c = 5.298 

a = 6.157(24 ) 

c = 5·039 

"13 - W" type - (w
3
o) cubic 0~ ~ Pm3n 

v
3
si a= 4.721( 20) 

4 Si in (a) 

8 Si in (h) X =.0.37
5 

z = 4 

8 M in (h) XTa = 1/6 

4 Si in (a) 

6 M in (c) 

2 Si in (a) 

Mo
3
Si _ a = 4.890( 32 ) · 

Ta
4

!

5
si - hexagonal, ideal Ni

3
Sn type. Ta

3
(Ta0 .28si0 . 72)(

24
) 

4 . 
a = 6.105 
c'= 4.918 

for Ni
3
Sn type - n6h - P 63/mmc z = 2 

2 Sn in (c) 

6 Ni in .(h) XTa = 0.826 
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