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Fig. 19 (1) Observed ( data points) calculated ( solid line) and difference ( bottom) room-temperature X-ray dif—
fraction powder patterns ( Cu Ko, , A =1.5405 and 1.5443 A) for an alloy prepared by arc-melting of a SmGa, /

CoGa, mixture resulting preponderantly (90%) in SmCoGas; ( II) Representation of the SmCoGag unit cell( a =
4.2419 A and ¢ =6.8559 A tetragonal space group P4/mmm) . Ga-Ga contacts have been drawn up to 3 A.

i. Sm, Co,Ga Er Tm Lu Y) o
X - (  20) Ho, CoGay X - Weissen—
Sm,CO,Ga,, ( 211) berg 122
P4/mmm a=6.0620(5) A ¢= P4/mmm a=4.217 A, ¢ =
11.149 5(9) A( 14 15) (RI1(wR2) = 1097 A R (F) =0.139. Sm,CoGa, (
2.62 (6.26)% GOF = 1.33) . SmCoGas+ a= 4.264 A ¢ = 11.14 A)
Sm,Co;Ga,;,  Sm,CoGa, ( Ho,CoGa, o
211) « R,CoGaz( R =Sm Gd Th Dy Ho
12 SmCoGas( P4/mmm)
Table 12 Atomic poitional and isotropic displacement parameters in the tetragonal ( P4/mmm) compound SmCoGas
x y z Uiso( A%)
Sm la 0 0 0 0.027(1)
Col 1b 0 0 12 0. 024(2)
Gal 4 1/2 1/2 0.303 0(2) 0. 044( 6)
Ga2 le 1/2 1/2 0 0.072(2)
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13 SmCoGas
Table 13 Selected interatomic distances ( A) and atom coordinations in SmCoGay
x y z Uiso( A%)
Col 8 x Gal 2.514 2(9) Gal 2 x Col 2.514 2(9)
Sm 8 x Gal 2.969( 1) Gal 2 xSm 2.969( 1)
Sm 4 x Ca2 2.999 5(1) Ga2 4 x Sm 2.999 5(1)
Gal Gal 2.701(2) Gal 2 xGa2 2.69(1)
Gal 4 x Gal 2.999 5(1)
S —— eevTeu—— SmCoGa = (0.2~0.8)
RMIn; R, MlIn,
(R= ) AuCu;_ PtHg,
K. . 211 Co
SmGa, R, CoGag Sm,CO,Ga
I i o Sm,CoGay(a=4.264 A ¢=11.14 A)
' LY B L TR RAR L LIRS WA VLA e Y
] I VU b e LBLIR IR IRLL S T ] wiw ab Ga
10 0 3 4 50 60 Co (211 )
e dirt ( d=6.062 A ¢=11.149 &) . Co-
20 Sm,Co,Gayq X - Ga (2.412 A) Ga3-Ga3 3.015 A
. :Sm,CosGa( ) a=6.062 A 2.651 A. SmCoGa,  Sm
c=11.149 A; smzqocag( )f1=4. 264 A c=11.14 A Ca2 Sm,Co.Ga,,  Ga2a
Fig.20 Repersentation of the simulated X—ray powder pat—
tern calculated for Sm,Co;Ga,( Cu Aal 2). The lines are Ga2b ( 21I) SmCoGa; Gal-Ga2
indexed in the tetragonal P4/mmm unit cells a =6.062 A 2.969 A 3.017 A( Gal-Ga2a)

and ¢ =11.149 A for Sm,Co,Ga,, ( upper ticks) and a =
4.264 A and ¢ =11. 14 A for Sm, CoGay( lower ticks) .

21 (D Sm, Co, Ga,g (a=60620 A ¢c=11.1495 A PA/mmm) ; (1)
Sm, CoGag( ) SmCoGas( ) Sm,Co;Ga( ) o Sm, Co,Gaye(a =6.062 A ¢ =11 149 A)
Sm,CoGag(a =4.264 A ¢=11.14 A) AuCu, Co . Ga
Co ( ) GaGa 3015 2.651A

Fig.21 (1) Representation of the Sm,Co,Ga, unit cell (a =6.062 0 A and ¢ =11.149 5 A tetragonal space group
P4/mmm) . Note that atoms have been labeled for comparison with SmCoGas; (1) Representation of the tetragonal
P4/mmm structures of Sm,CoGag( left) SmCoGas( middle bottom) and Sm,Co,Ga( right) . The difference between
Sm, Co;Gay (@ =6.062 A and ¢ =11.149 A) and Sm,CoGag(a =4.264 A and ¢ =11.14 A) arises from the presence of
one additional Co atom in the square base of the AuCu;-type layer. A superstructure is then built ( middle top) by filling
one Co atom over two squares of Ga which induces the shortening of the Ga-Ga distance from 3. 015 to 2. 651 A.
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14 Sm, Co, Ga,,( P4/mmm)
Table 14  Atomic coordinates and equivalent displacement parameters in the tetragonal ( P4/mmm) compound
Sm, Co,Ga,q
x y z Ueq( A%)*
Sm 4i 0 12 0.194 58(4) 0.007 9(2)
Col 2e 0 1/2 1/2 0.007 5(3)
Co2 la 0 0 0 0.010 9( 5)
Gal 8r 0.249 72(8) 0.249 72(8) 0.385 53(7) 0.011 2(2)
Ga2a 2h 1/2 1/2 0.195 3( 1) 0.011 3(3)
Ga2b 2g 0 0 0.219 9(2) 0.010 9( 3)
Ga3 4j 0.281 3(1) 0.281 3(1) 0 0.0105(2)
“Ueq
2.510 A; Sm,Co,Ga, 2.495 A
o Sm-Co-Ga 2  Co (Coy) 6  Ga 4
Sm 12 Ga SmCoGas 8 Ga3 2.412 A 2 Ga2b  2.451 A .
Ga 2.969 A 4 (001) Ga SmCoGay
2.999 A; Sm,CoGay, 8  Ga Gal Gal 2.701 A; Sm,CoGay
3.007 A 4 3.020 A; Sm,Co,Ga,,  2.649 A;Sm,Co,Ga,, 2.553 A,
4  Ga 3.021 A 2 h+k
3.031 A 2 3.044 A 4 5
3.061 A. Sm, CoGayg( P4/mmm
Co SmCoGay (a=4.264 A c=11.14 &;a =6.062 A
Co-Ga 2.514 A; Sm,CoGa, c=11.149 A)
15 Sm, Co, Ga,, (A)
Table 15 Interatomic distances ( A) and atom coordinations in Sm, Co,Ga,,
Col 8 x Gal 2.494 5( 4) Co2 4 x Ga3 2.412(1)
Sm 4 x Gal 3.020 9( 6) Co2 2 x Ga2b 2.451(2)
Sm 2 x Ga2a 3.031 0(3) Gal 2 x Gol 2.494 5(4)
Sm 2 x Ga2b 3.044 1(3) Gal Gal 2.553(2)
Sm 4 x Ga3 3.061 4(4) Gal Ga2b 2.828(1)
Ga2a 4 x Ga3 2.874(1) Gal 2 xSm 3.020 9( 6)
Gala 4 xSm 3.031(5) Ga3 Co2 2.412( 1)
Ga2b Co, 2.452(2) Ga3 2 x Ga3 2.651(2)
Ga2b 4 x Gal 2.828(1) Ga3 2 x Ga2a 2.874(1)
Ga2b 4 x Sm 3.044 1(3) Ga3 4 x Sm 3.061 4(4)
i . SmCoGa, a=4.1246(6) A b=15.608(2) A ¢=
SmCoGa, Cmem 6.455 6(9) A( 16 17) o X -



2 : Zintl ( ) 67

R1(wR2) =2.69(5.62) % GOF =

1.20. SmCoGa, YNiAl, SmNiGa,
YbNiGa, o
22 Ga2  Ga3
Ga2-Ga2
Co Gal
SmCoGa, o
b Co-Ga2 (2.308 A)
o Sm 17 (4 Co
13 Ga )
5 a o
3.3.3 Sm-Co-Ga Zintl
22 SmCoGa,
Sm,Co,Ga, (Cmem a = 4.124 6 A b = 15.608 A ¢ =
) 6.455 6 A) . 2.90 A
Pauling( ) (yx=1.216 1.8 °
Sm Ga Co ) Sm Fig.22 Packing within the ortflorhombic strucoture of
+3 Co . SmCoGa,( Cmem a =4.124 6 A b =15.608 A and
¢=6.4556 A) approximately viewed along the a axis.
For clarity only the atomic contacts less than 2.90 A
3 ’ are drawn.
16 SmCoGa,
Table 16  Atomic coordinates and equivalent displacement parameters in SmCoGa, ( orthorhombic Cmcm)
x y z Ueq( A%)
Sm e 0 0. 883 43( 4) 1/4 0. 008 5(2)
Co 4c 0 0.224 2(1) 1/4 0.014 0( 4)
Gal 8f 0 0.311 64( 6) -0.0512(1) 0.010 7(2)
Ga2 4c 0 0.072 26(9) 1/4 0.013 5(3)
Ga3 4a 12 0 0 0.012 8(3)
17 SmCoGa, (A)

Table 17 Interatomic distances( A) and atom coordinations in SmCoGa,

Sm Ga2 3.010( 1) Sm 4 x Gal 3.048 0(7)
Sm 4 x Ga3 3.188 8(4) Sm 2 x Co 3.230( 1)
Sm Ga2 3.288 9( 6) Co Ga2 2.308(2)
Co 4 x Gal 2.492 3(7) Co 2 xSm 3.230( 1)
Gal Co 2.376( 1) Gal 2 x Co 2.492 3(7)
Gal Gal 2.566(2) Gal 2 x Gal 2.897(1)
Gal 2 x Sm 3.048 0( 7) Gal Sm 3.304( 1)
Ga2 Co 2.308(2) Ga2 4 x Ga3 2.876 5(6)
Ga2 Sm 3.010( 1) Ga2 2 x Sm 3.288 6( 5)
Ga3 4 xGa2 2.876 5(6) Ga3 4 % Sm 3.188 8(4)

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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Fig.23 Representation of partially polarized DOS for compound SmCoGa; calculated with CASTEP ( top) and

DMOL3( bottom) . In the nonrelativistic calculation ( CASTEP)

the Sm 4f levels are pinned at the Fermi level with

only spin-up density ( spin charge 6. 12) . Scalar relativistic effects are introduced in the DMOL3 calculation ( spin

charge 5. 086)
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18 SmCoGas
Table 18

SmCoGas in spin—restricted and spin-unrestricted configurations

CASTEP DFT

Comparison of experimentally determined ( room temperature) and CASTEP DFT optimized parameters of

a( A) 4.2419 4.264 8( +0.5%) 4.288 8( +1.1%)
c( A) 6.8559 6.892 1( +0.5%) 6.9799( +1.8%)
Gal( z) 0.303 0 0.310 2( +2.3%) 0.314 5( +3.8%)
(eV) -13514.49 - 13 530. 11
Sm 3.13
Co -0.02
(h) Gal /Ga2 0.01/-0.01
Sm 0.09 0.25
Co -0.56 -0.59
Gal /Ga2 -0.06/+0.13 0.03/0.08
19 CASTEP DMOL3  ADF-BAND SmCoGas
Table 19  Mulliken atomic and spin charges calculated with CASTEP DMOL3 and ADF-BAND for the compound
SmCoGas
CASTEP DMOL3 ADF-BAND
Sm 0. 340 6.20 2.506 5. 806 2.358 5.545
Gal 0. 050 -0.020 -0.295 0. 009 -0.338 0. 006
Ga2a -0. 140 -0.040 -0. 649 0. 001 -0.555 0. 003
Col -0.390 -0. 140 -0.675 -0.090 -0.451 0. 009
R SmCoGayg o 20
fiEfit (Ha) BEfit (Ha) Mulliken( ) Sm, Co;Gayq
01 , Sm SmCoGay;
SmCo, Ga, | :
00 S | Ga o
ol . 25 CASTEP SmCoGas
. Sm, Co;Ga,q o SmCoGas
] ] Col  Gal
0 100 200 300 400 0 200 600 1000 c Ga2
RR B Btk A
- 0.032e"A” Sm
24 SmCoGas;  Sm,Co,Ga ° Sm, Co, Gay
( Col-Gal)  SmCoGa,
Fig. 24  Representation of total DOS of compounds Co2-Ga3 Ga3-Ga3
SmCoGas and Sm,Co;Ga,q Co2.Ga2b Gal
24 Sm,Co;Ga,;  SmCoGas i
° Sm, Co;Ga, N
SmCoOa, ( 001 . Sm,Co;Ga,, 3K
) < 4.2 pQeem 300 K 25.0 pQecm.
Sm, Co, Ga, 3 ~300 K

. 3.5K
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20 (DMOL**  GGA-PWI1)
Table 20 Compared Mulliken Atomic and Spin Charges ( DMOL’* and GGA-PW91)
SmCoGa, Sm, Co, Gayq SmCoGa,
atom
Sm 2.506 5. 806 1.970 5. 810 2.678 5.830
Gal -0.295 0. 009 -0.216 -0.008 -0.442 0.013
Ga2a -0.649 0.001 -0. 489 0.010 -0.518 0. 005
Col -0.675 -0.090 -0.678 -0.070 0.176 1. 437
Ga2b -0.518 0. 005
Ga3 -0.492 0.015 -0.549 -0.009
Co -0.816 0. 065
) -
VSM o CeColn;
2.3 K
3 K 8 e *cmoPuCoGa;
o PuCoGa;
(Tc =18.5 K) Sm, Co,Ga,,
PuCoGaj 5f
4f o
25 SmCoGas( ) Sm,CosGa,( ) Sm,Co,Gaye  DFT
Sm
Sm 3+ o
Fig.25 Representation of the electron-density differ— 12 SmCoGa,
ence ( isovalue level 0.032 e. A*) in the SmCoGas Sm 2.678+ Co  Gal
(left) and Sm,Co,Gay ( right) compounds. The elec— ( 27- Mulliken ( 12)
tron—density is obtained by subtracting the isolated atom Co/Gal
densities from the overall electron density. ( 0.236-) 2D
( 0.533-) Ga2-Ga3
1.36 puB/unit Weiss -17 K (2.876 5 A) .,
. Sm 17 (4 Co 13
6 uB/Sm  PuCoGa Ga ) o
( + ) . SmCoGas( 1) PuCoGa;
Sm,Co,,_.Ga (x =0 ~7) :Sm,Co;Ga( )  SmCoGa,
Ga Co Caurie( ) ; SmCoGa,( )  YNiAl,
Ga i . o SmGa CoGa, SmCoGas
Sm, Co, Ga, (1); CoGay, - SmGa CoGa,
2.8 K ( 261). Sm, Co,Ga,( II) ; Ga. Sm
32K (26 CoGa, SmCoGa,( ) o  SmCoGaj
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Fig.26 (1) Electrical resistivity measurements for compound Sm,Co,Ga,, using a fourprobe method. The results

are shown only for temperatures below 6 K; ( II) ZFC/FC magnetic susceptibility measurements for compound

Sm, Co, Ga,s( ac mode)

o Pu
PuCoGas
Te =18.5K
(16.4 GPa 22 K) .
SmCoGas SmGa,
CeColns;  Celrln, Celn,
SmCoGays
Sm, Co, Gayg
Sm-Co-Ga
27 SmCoGa, S
(0.021 e+A ) o Sm,Co,Gay, ~3 Ko
Fig.27 Representation of the electron-density differ— .
ence (isovalue level 0.021 e+ A~) caleulated for T Zintl
SmCoGa,
PuCoGay, Zintl
CeColns;  Celrln; o Zintl
223K 04K . 13 14
o CeRhln;  Celn,
Ty=3.8K Celn, (Ty =10 K) o Zintl
o CeRhlng 13 .14 N

Te( 200 mK) .2.5 GPa

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



72 19

Zlntl ~ ~

A3 14 N o
) Zintl Zintl
o Zintl Zintl
Fe.Co.Ni.Mn . Zintl
13.14 S o

(Si.GeSn As.Sb )

o

The Correlation of Abundant Elements and Zintl Phases

JIA Yongzhong' JING Yan' MA Jun' YUE Du-yuan' BELIN Claude’ TILLARD Monique’
(1. Institute of Salt Lakes Chinese Academy of Sciences Qinghai 810008 China; 2. Laboratoire des
Agrégats Moleculaires et Matériaux Inorganiques UMR CNRS 5072 34095 Monipellier France )

Abstract: The term Zintl phase has been coined in honour of Edward Zintl a German chemist. Zintl pha—
ses are formed by combinations of moderately electronegative post-transition elements such as main group
13 and 14 elements with electropositive alkaline or alkaline-earth metals. In these combinations owing to
electron transfers ( total or partial) from the electropositive to the electronegative elements anionic frame—
works are formed in solid state that range from isolated anionic clusters rings cages and 1 2 or 3-D ex—
tended structures of which clathrates are among the most remarkable.

The authors discuss the correlation of salt lake resources and Zintl phases. The potential applications
of Zintl phases in salt lake resources are briefly discussed. This strategy for the synthesis of solid state
compounds which comprised light elements of salt lake resources main group 13 and 14 elements and
transition metal have unique magnetic electronic thermoelectric  colossal magnetoresistance and ferro—
magnetic properties.

Key words: Salt lake; Abundant element; Zintl phases



