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The isothermal sections of the phase diagram of thelo-Ag—-Sn ternary system at 67& and 873K were
constructed in the whole concentration range using-ray diffraction and EPM analyses. The interaction
between the elements results in the formation of tee ternary compounds at 673: HoAgSn (LiGaGe-type,
space group P6smc, a=0.4667(1),c=0.7313(2nm), HozAg,Sn, (Gds;Cu,Ges-type, space grouplmmm,
a=0.4519(2), b=0.7280(3), c=1.5091(3m), and HoAgSn (CusAu-type, space group Pm-3m,
a=0.4525(2)nhm). At 873K two ternary compounds (HoAgSnh, LiGaGe-type and HAgSn,, CusAu-type) were
found. Three ternary compounds exist in the Tm-Ag—$ system at 873: TmAgSn (ZrNiAl-type, space
group P-62m, a=0.72635(9), c=0.4435(1)nm), Tm(Ag,Sn) (Caln,-type, space group P6s/mmc,
a=0.46534(2),c=0.72649(4nhm) and TmAgSn, (CusAu-type, space groupPm-3m, a= 0.45033(2nm).
DSC/DTA analyses showed a limited stability rangeof HosAg,Sn, and the existence of a phase transition for
the TmAgSn compound. DFT calculations predict metdic-like behavior for both HoOAgSn, and Ho;Ag,Sh.

Intermetallics / Electronic structure / Diffraction / Differential scanning calorimetry

1. Introduction earths of the yttrium group, but depending on the

valence state and size of the rare-earth elemieey, t

The experimental investigation of phase diagrams of
metallic systems is a fundamental step to determine
the peculiarity of formation of the intermediate
phases, their composition and stability, homoggneit
range, and structural characteristics. The ternary
systems with silver, tin and a light rare eaf=(La,

Ce, Pr)[1-3] are characterized by the formation of
three intermediate phasé®. RAgSn (LiGaGe-type),
ReAsSH, (GCuGertype), andRsAgSHs (HfsSsCu-
type), while with Nd and Sm onlyRAgSn and
RsAgsSn, compounds were found,5]. The EuAgSn
stannide with divalent state of europium adopts an
orthorhombic KHg-type structurg6]. The R-Ag—Sn
systems with a heavy rare earth are characteriged b
the formation ofRsAg,Sn, stannidesR =Y, Gd-Ho)
crystallizing in the GgCu,Ge-type [7] and RAgSnh,
stannides R=Y, Gd-Er) crystallizing in the cubic
CuwAu-type [8]. Compared to the otheR-Ag-Sn
systems the Yb—Ag-Sn system is more complicated
and presents &igher number of intermediate phases
[9], of which only the YbAgSn (CaLiSn-type)
compound is similar to the othé?AgSn stannides.
EquiatomicRAgSn compounds exist with all the rare
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crystallize in different structure types: LiGaGedy
(Y, Gd-Er)[10,11], CaLiSn- and YbAgPb-types (Yb)
[9,12], and ZrNiAl-type (Tm, Lu)[10]. The crystal
structures of most of th&®AgSn compounds were
determined in the Calnstructure type (space group
P6:/mmqg with a mixture of elements (0.5Ag + 0.5Sn)
in the 4 position[13]. Further investigations of the
RAgSn compoundsR = Ce-Nd, Gd-ErJ11,14] using
single crystal X-rays and neutron diffraction sasli
allowed describing the crystal structure more m&lgi
in the LiGaGe-type (space grolgbsmc, an ordered
non-centrosymmetric variant of the Catype).
Neutron diffraction studies of thRAgSn stannides
indicated antiferromagnetic ordering for most adrth
[11,15]

Previous studies of th&®AgSn stannides have
shown the influence of temperature or pressure on
their stability. A phase transition for the ErAgSn
compound (ZrNiAl-type under high pressure and
LiGaGe-type under ambient pressure) was reported in
[16]. For the TmAgSh stannide the authors indicated
that the high-temperature modification (LiGaGe-{ype
transforms into the low-temperature form (ZrNiAl-
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type) upon annealing at 970 K for two days. However
for the HoAgSn, DyAgSn, and YbAgSn stannides no
phase transition from the LiGaGe- to ZrNiAl-typesva
found under high-pressure / high-temperature
conditions[14]. An investigation of the Gd—Ag-Sn
system at 670 K and 870 K indicated an influence of
the temperature on the formation of the ternaryspha
with high Sn contentL7].

In the present paper the results of X-ray difii@act
and EPM analyses of the phase equilibria in the
Ho—Ag—Sn and Tm-Ag-Sn systems, and the thermal
stability of some intermediate phases, are reported
Taking into account the influence of temperaturd an
pressure on the formation, stability, and structofe
the intermediate phases in relaiRdSn andR—Ag—Sn

The temperature dependence of the magnetic
susceptibility x(T) was measured using the Faraday
balance technique in the temperature range 80-360 K
and magnetic fields up to 0.1 T.

DFT (Density Functional Theory) electronic
structure calculations of the ternary compounds wit
experimentally determined structural parameterswer
performed using the Elk packaf#] (an all-electron
full-potential linearized augmented-plane wave code
with GGA [21] exchange-correlation functional). The
DFT+U approximation with U=6.0eV, spin
polarization, and spin-orbit coupling was used. The
VESTA packagég22] was used for data visualization.

systems, the Ho—Ag-Sn system was studied both at 3. Results and discussion

673 K and 873 K.

2. Experimental details

The samples were prepared by direct arc melting of
the constituent elements (rare earths, purity 98.%;
silver, purity 99.99 wt.%; and tin, purity 99.999.9%)
under a high-purity Ti-gettered argon atmosphera on
water-cooled copper crucible. The weight lossethef
initial total mass were less than 1 wt.%. Piecethef

as-cast buttons were separately annealed for one binary

month at 673 K and 873 K (Ho—Ag—Sn alloys) and at
873 K (Tm—Ag-Sn alloys) in evacuated silica tubes
and then water-quenched.
performed using X-ray powder diffraction (DRON-
4.0, FeK, radiation). The observed diffraction
intensities were compared with reference powder
patterns of known binary and ternary phases. The
compositions of the samples were examined by
Scanning Electron Microscopy (SEM), using
REMMA-102-02 and JEOL-840A scanning electron
microscopes. Quantitative electron probe
microanalysis (EPMA) of the phases was carried out
using an energy-dispersive X-ray analyzer with the
pure elements as standards (the acceleration eoltag
was 20 kV; K- and L-lines were used). Diffraction
patterns for the crystal structure refinements were
collected at room temperature using a STOE STADI P
powder diffractometer (CH,; radiation, curved
germanium (11 1) monochromator, 6-110.62% 2
range with 0.015° scan step and 450 s exposurg.time
The crystallographic parameters were calculateadgusi
the WIinCSD program packaggl8]. Rietveld
refinements were performed using the WIinPLOTR
program packagg9].

DSC and DTA analyses were performed for the
HosAg,Sn, (NETZSCH STA449C Jupiter device,
argon atmosphere) and TmAgSn compounds
(LINSEIS STA PT 1600 device, argon atmosphere).
The HgAg,Sn, sample was heated up to 1073 K,
while the TmAgSn sample was heated up to 1223 K,
at a rate of 10 K/min. The weight losses during
heating (TG) were negligible (less than 0.3 %).
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3.1. The binary systems
To check the literature data on the Ho—Sn, Tm-Sn,
Ho-Ag, Tm-Ag, and Ag-Sn systeni23-25] all
known binary compounds were synthesized and
confirmed in the course of our investigation. Ire th
Ho-Sn system the HBns (EnLGes-type) and HoSn
(GdSn ;5type) compounds were only observed at
673 K according to the studied Sn-rich part of the
Ho-Sn phase diagrari25]. In the Tm—Ag binary
system at the composition BgAgsy the TmsAQgs;
with Gd/Ags;-type @=1.2477(6),
¢ = 0.9179(5) nm) was identified under our condision
Crystallographic characteristics of the binary

Phase analysis was phases observed in the {Ho,Tm}~Ag, Ag-Sn and

{Ho, Tm}-Sn systems under the conditions used in
this work are listed iffable 1

3.2. Isothermal sections of the Ho—Ag—Sn system at
673K and 873K

The phase equilibria in the Ho—Ag-Sn system were
investigated in the whole concentration range 8ti67
and 873 K using X-ray diffraction and metallographi
analyses of 8 binary and 32 ternary alloys, anudeale
separately at both temperatures. The isothermal
sections of the Ho—Ag-Sn ternary system at the
selected temperatures are presente#i@gs. 1 and 2.
Microphotographs of some of the alloys are shown in
Fig. 3 In the Ho—Ag-Sn ternary system silver
dissolves up to ~10 at.% Sn and ~0.5at.% Ho at
673 K, and up to ~11at.% Sn and ~1at.% Ho at
873 K. At 873 K the Sn-rich part of the binary Agr-S
system exists in the liquid state, which continires
the ternary field up to ~5 at.% Ho.

The phase relations in the Ho—Ag-Sn system at
673 K (seeFig. 1) are characterized by the formation
of three ternary compounds: HoAgSnh, jJAg,Sh,,
and HoAgSh, the crystallographic characteristics of
which are listed iTable 2 According to the results of
the XRD analysis of alloys along the isoconcentodte
25 at.% Ho a homogeneity region (HOAQsSb.2.59)
exists for the HoAgSn compound 4 = 0.4525(2)-
0.4567(1) nm). The limiting compositions of the
HoAgSn compound were confirmed by EPMA data.

Chem. Met. Alloy$S (2016)
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The samples of compositions $Hag,Snes (Fig. 39
and HoesAgseShys (Fig. 39 are located in three-phase
regions, the HoAgSncompound is in equilibrium
with the AgSn and Sn phases, and HoAgSn and
HosAg,Sh, respectively. No significant solubility of
the third component in the binary phases was observ
in the Ho—Ag—Sn system at 673 K.

The phase analysis of the Ho—-Ag—Sn samples
annealed at 873 K showed the formation of two
ternary stannides: HoOAgSn and HoAg$seeFig. 2).
According to the XRD analysis a homogeneity region
of the HoAgSa compound (HOA@04:SM.256
a=0.4523(1)-0.4571(1) nm)  exists along the
isoconcentrate of 25at% Ho. The sample of
composition HegsAg1oShss (Fig. 3D is located in a
three-phase region and the main phase HoA&SIm
equilibrium with AggeSrh, and Sn phases. The

HosAg,Sn, ternary compound was not observed at
873 K. According to the X-ray diffraction and
microprobe analyses, the corresponding sample
belongs to a three-phase field and contains HoAgSh,
HoAgSn, and AgsShy, phases. We checked the
HosAg,Sn, compound using differential scanning
calorimetric analysis and confirmed the limited
temperature range for this phase. The DSC curve
measured in the heating regime shows a thermal peak
at about 850 KKig. 4), which can be associated with
the decomposition of the H&g,Sn, phase,
confirming the results of the phase analysis of the
corresponding sample at 873 K. In the Ho—-Ag-Sn
system at 873 K solubility of the third componemt i
the binary phases was not observed, except for the
HoAg binary, where the solubility of Sn is up to
5 at.% (H@uAg4sSns, a = 0.3599(1) nm).

Table 1 The binary phases relevant to the isothermal@esf the Ho—Ag—Sn and Tm—-Ag-Sn systems.

Phase Space grouf Structure type a Lattice parl')ameters, nm c Ref.
0.4328(3) 0.4369(4) 2.1754(8) This work
HoSny Amn2 GdSnzs 0.4335 0.4373 2.1757 [25]
0.4305(1) 0.4385(5) 1.8903(1) This work
Ho,Sry Pmmn ErGe 0.4307 0.4391 1.8928 [25]
. 0.4381(3) 1.6192(4) 0.4289(2) This work
HoSn Cmem ZrSh 0.4377 1.6185 0.4292 [26]
1.1518(6 - 1.6777(7 This work
Ho1:Snyg [4/mmm Hoy:Gey 1152 (6) B 1,680 (7) [27] IS W
) 0.8845(2 - 0.6452(3 This work
HosSny Péy/mcm MnsSis 0.8847( | 0.6458( : 28] oY
1.2589(6 - 0.9241(5 This work
HO1AGs1 P6/m GhAGs: 1.2609( |z 0.9257( : [29]
. 0.3674(3 _ 0.9179(4 This work
HoAg, 14/mmm MoSt, 0.3681( : - 0.9181( : [30]
HoAg Pm3m CsCl 8'3231(3) - B [B,Tlr]"s work
. 0.4349(4) 1.6053(7) 0.4276(4) This work
TmSn, Cmem 2rSh 0.4357 1.6062 0.4285 [26]
1.1389(8 - 1.6667(7 This work
Tmy Sy [4/mmm Ho1.Geg 1142 (8) B 1668 (7) [27] IS W
) 0.8767(4 - 0.6403(3 This work
TmeSry Péy/mcm MnsSis 0.8733( | 0.6406( : 28] oY
TmAgs, P6/m Gdi4Ags; 1.2477(6) - 0.9179(5) This work
. 0.4944(4) 0.6071(5) 0.5159(4) This work
TMAGs Pmmn CleTi 0.4948 0.6075 0.5163 [29]
. 0.3653(2 _ 0.9138(4 This work
TMAG, 14/mmm MoSt, 0.3650( : - 0.9129( : [32]
TmAg Pm3m CsCl 8222;(2) N B [,g]"s work
0.2956(1)- | _ 047522 | 1his work
Ado.sxS.24x P6s/mmc Mg 0.2983(2) 0.4750(2)
0.29285 - 0.47853 [34]
. 0.4774(4) 0.5964(3) 0.5181(5) This work
AgsSn Pmmn CusTi 0.4780 0.5968 0.5184 [35]

Chem. Met. Alloy$S (2016)
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Sn

673 K 1.HoAgSn

2.Ho,Ag,Sn,
3.HoAgSn,

Ho
Sn 1.HoAgSn
373 K 2.HoAgSn,
, Ho, Sn,,
Ag, 8\Sno
4
Ag / Ho

Ho,Ag,, HoAg, HoAg

Fig. 2 Isothermal section of the Ho—Ag—Sn system at 873 K
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Fig. 3 Electron microphotographs of the alloys:
a) HosAQ10SMss (673 K) — HOAGSH (H024.9Ag12 265261, light grey phase), Agn (dark grey phase), Sn

(grey phase);

b) HosAg10STEs (873 K) — HOAQSH (Hozs5 ,8A011.05Ms3.65 light grey phase), A@n (dark grey phase), Sn

(grey phase);

€) HosAg30SNs (673 K) — HOAQSH (HOs8A023685M055 light grey phase), HoAgSn (white phase),
HosAg,Sn, (dark phase);

d) H04AQ24SMs, (873 K) — HOAQSH (HOz5 6/A020.0951s5 37 light grey phase), A@n (grey phase).

Table 2 Crystallographic data of the ternary compoundbiénHo—Ag—Sn system.

No. Compound

Structure type

Unit cell parameters, nm

Space grouf

a

b

C

1 | HoAgSn

2 | HoAgsSN,®
3 | HoOAgSn

LiGaGe

GdCuGey
CuwAu

P6smc
Immm
Pm-3m

0.4667(1)
0.4519(2)
0.4525(2)

0.7280(3)

0.7313(2)
1.5091(3)

The compound number corresponds to the numbeeiptihse diagram§&i@. ).

at 673 K

-0.15

3.3. Isothermal section of the Tm—Ag—Sn system
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The annealing temperature for the Tm—Ag—-Sn system
was chosen based on literature data concerning the
TmAgSn compound (low-temperature modification at
970 K), and the low melting temperature of Sn. The
phase diagram of the Tm—-Ag-Sn system was
1 consequently investigated at 873 K, using X-ray
diffraction and EMP analyses of 8 binary and 35
ternary alloys Fig. 5. SEM pictures of some of the
alloys are shown ifrig. 6. The existence of the earlier
known TmAgSn compound with ZrNiAl structure

T type[10] was confirmed at 873 K. From the results of
the XRD and EPM analyses of samples in the Sn-rich
part of the Tm-Ag-Sn system, a new ternary
compound of composition TsAgsSne was found.

The analysis of the diffraction patterns of all@asng
the isoconcentrate of 25 at.% Tm indicated a small

a = 0.45033(2)-0.4522(1) nm)

Chem. Met. Alloy$S (2016)

homogeneity region (TpAgsSnso — TMsAg20STEs,
the

TmAgSn
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compound. The limiting composition of the TmAgSn  three-phase region and contains the TmAgSh
compound was confirmed by the electron microprobe compound in equilibrium with the Tmgand Sn phases.
analysis (Trgs,AJ10185M459. The sample at higher The TmsAQg,,Shis sample contains the main phase
Sn content, TmAQ1gSne (Fig. 69, is located in a TmAgSH, and in addition TmAgSn and TmSfig. 69.

1.TmAgSn
2. Tm(Ag,Sn),
3. TmAgSn,

XX

Tm,Ag\ TmAg, TmAg
TmAg,
Fig. 5 Isothermal section of the Tm—Ag—Sn system at 873 K

Tm

Fig. 6 Electron microphotographs of the alloys:

a) TmyoAgeoSTho — TM(AG,SN) (TMes Adss 265 5 grey phase), Ag (dark grey phase);

D) TMsoAgaeSss — TMAGSN (Trg 77As4.255Ms2.06 light grey phase), AgS . (dark grey phase), TmAgsn
(grey phase);

C) Tms3Ag2:Ss — TMAGSN (Tg,.86A033.05Mk4.00 light grey phase), TMAGSH{TM,4.30A040.85s.79), grey
phase), TmSn(dark grey phase);

d) TMeAgieSrse — TMAGSH (Ths 2AJ19185M4 55 light grey phase), TmSr(grey phase), Sn (dark grey
phase).

140 Chem. Met. Alloy8 (2016)
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As mentioned above, the TmAgSn stannide is
characterized by the existence of two polymorphic
modifications with ZrNiAl-type (low-temperature
modification) and LiGaGe-type (high-temperature
modification) structures[16]. We confirmed the
existence of the TmAgSn stannide with the ZrNiAl-
type at the stoichiometry 1:1:1 at 873 K. Neverkss|
the phase analysis of samples in the Ag-rich phrt o
the Tm—-Ag-Sn system clearly indicated the presence
of a ternary phase of the Caltype (disordered
variant of the ternary LiGaGe-type) at 33 at.% Tmd a
a lower concentration of S0 at.% Sn).Fig. 6a
shows the presence of large grains of the Tm(Ag,Sn)
phase, which is in equilibrium with silver. The XRD
analysis of samples between TmAgSn (ZrNiAl-type)
and Tm(Ag,Smny) (Caln-type) indicates that the two
phases are in equilibrium. To check the influente o
temperature on the stability of the TmAgSn compound
different annealing temperatures were used. The XRD
analysis of the studied sample indicates the poesen
of the TmAgSn phase in the as-cast sample and after
annealing at 670 K, 770 K (LiGaGe-type), and 1270 K
(Calnp-type). The sample annealed at 870 K and
1070 K contains the TmAgSn phase with ZrNiAl-
type. The TmAgSn compound was examined by
differential thermal analysis and the results conéid
the limited temperature range for the modification
with the ZrNiAl structure type. The DTA curve
measured in the heating regime shows two thermal
peaks at 795 K and 1196 Kif. 7), which can be
associated with the formation of the ZrNiAl-type
structure and its further polymorphic transformatio
into the Calg-type, respectively.

50 T T T T T T

454

404

354

DSC/mW

304

254 4

20

T T T
1000 1100 1200

T (K)

T T T
700 800 900 1300

Fig. 7 DTA curve for the TmAgSn compound.

Magnetic susceptibility measurements
performed on the TmAgSn sample (annealed at
770K, LiGaGe-type) indicated Curie-Weiss
paramagnetic behavior in the temperature range
80-350 K  Fig. 8. The calculated effective
magnetic moment is close to Tmion value

(Met = 7.62(3) 18).

Chem. Met. Alloy$S (2016)

The crystallographic characteristics of the
Tm-Ag-Sn ternary compounds are listedTmble 3
Solubility of the third component in the binary gka

was not observed under the present conditions.

107 (g/em’)

T T T T
50 200 250 300 350

T(K)
Fig. 8 Temperature
magnetic susceptibility for
compound (LiGaGe-type).

160 150 400
dependence of the

the TmAgSn

3.4. Crystal structures

The crystal structure of the new TmAgSmompound
was determined using X-ray powder diffraction.
The powder pattern of the TBAQ:SEy
sample was indexed on the basis of a cubic lattitie
the cell parameter a=0.45033(2) nm, and
indicated that this compound belongs to theACu

type (space groupPm3m). The Ag/Sn ratio
in 3c position was fixed at the value
0.333/0.667 corresponding to the stoichiometry

of the sample and the EPMA data. The atomic
coordinates and displacement parameters are
listed in Table4 (Rgag=0.023, R,=0.059,
Ry = 0.093). The observed, calculated and difference
X-ray patterns of the TpgAQ.sSE, sample are
shown in Fig. 9. The atomic environment of the
thulium atoms is a cuboctahedron of composition
(Ag,Sn), and that of the (Ag,Sn) atoms is a
cuboctahedron (Ag,Sglim, (interatomic distances are
0.3184 nm).

A detailed crystal structure investigation
performed on the TppAgsoShe Sample confirmed that
it belongs to the Cajnstructure type (space group
P6:/mm¢ a=0.46534(2), c=0.72649(4) nm) with
statistical distribution of Ag and Sn atoms in
the 4 atomic position. The (Ag,Sn) mixture inf 4
position corresponds to the formula TmAgMN se
which is in a good agreement with the EPMA data
(Fig. 69. The final atomic parameters, refined to
R, = 0.0532,Ry, = 0.073,Rgagg= 0.0317 are listed in
Table 5 The observed, calculated, and difference
X-ray patterns of the TpgAgseSne Sample are
presented inFig. 10 The Tm-Sn and Tm-Ag(Sn)
interatomic distances are 0.3632 nm and 0.3067 nm,
respectively.
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Table 3 Crystallographic data of the ternary compoundsm-Ag—Sn system.

No. Compound Structure type Space grouf a Unit cell pat;ameters, nm c
1 | TmAgSn ZrNiAl P-62m 0.72635(9) - 0.4435(1)
Tm(Ag,Sn)
2 Cal P6s/mmc 0.46534(2 - 0.72649(4
(TMAG, 1,5 .c9 b I @ @)
3 | TmAgSn CuwAu Pm3m 0.45033(2) - -

The compound number corresponds to the numbeeiptihse diagram§&i@. 5).

Table 4 Final atomic parameters of the TmAg®ompound.

Wyckoff
Atom position x/a yib Zc Bso 10° nn?
™m 1a 0 0 0 1.02(6)
M2 3c 0 1 1 1.34(3)

%M = 0.333Ag + 0.667Sn.

Table 5Final atomic parameters of the Tm(Ag,sodmpound.

Wyckoff
Atom Position x/a yib Zc B, 10 nnt
Tm 2 0 0 Yy 0.55(5)
M@ 4f v % 0.0462(1) 0.64(6)
aM = 0.572(2)Ag + 0.428(1)Sn.

17000 [ T T | T L] ' T T T L T T T T I T T 1 |

15000 | TmAgSn, 7

13000 E

11000 | =

—~ 9000 F =

Z 7000 F 3

2 - ]

£ 5000 | f

o e ]

=S - .

= 3000 F =

el = l L Y B E

- I | I 1 I} Lttt e el 3

; L 0 (PR Ty . E

B | .

0 20 40 60 80 100 120

20 ()

Fig. 9 Observed, calculated and difference X-ray pattefrice TmAgSh compound.
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MO0 — . e . i
| - Tm(Ag.Sn},
7000 2-Ag -
5000 |- -
Z 3000 -
1000 ]
I 1
= 2 -
i 20 40 i) 80 100

120

280

Fig. 100bserved, calculated and difference X-ray pattefrise Tm(Ag,Smn) compound.

3.5 DFT calculations
In the HoAgSh structure the 8 site is filled by a
statistical mixture of Ag and Sn. In order to siatal
such a mixture the symmetry was reduce@®o The
distribution of the density of states of HoAgSn
(Fig. 119 showed that the valence band is mainly
formed by filled Ag d-states and partially filled
f-states of Ho. These states are highly localizeithén
DOS spectra, while thes- and p-states of Sn are
mostly delocalized. The overlap of bands of Ag and
Sn is weak. The analysis of the charge density
distribution in the crystal revealed excess betwagn
and Sn atoms, while for the Ho atoms the distrduti
was close to spherical. Such a distribution is comm
for polar intermetallics with covalently bonded Ag
and Sn atoms that form a negatively charged sidsatt
due to additional electrons transferred from Horeto
The electronic structure of H#&g,Sn, was
calculated using the following number of atomsha t
unit cell: 2xHol, 1xHo2, 4xAg, 2xSnl, 2xSn2. In
contrast to HoAgSnthe distribution of the density of
states in HeAg,Sn, (Fig. 118 is *“noisier”. The
valence band is mainly formed by Adystates, Sn
s andp-states and partially filleftstates of Ho. The
bonding situation is rather strange, as HoAgSn
contains more Sn atoms thanzA4g,Sn,, which play a
major role in the formation of the covalent bontlse
distribution of the electron localization functidn
HosAg,Sn, shows localization between Sn2 atoms
(Fig. 12. Taking into account that the Sn2-Sn2

Chem. Met. Alloy$S (2016)

distance (0.28914 nm) is close to the sum of the Sn
covalent radii ., = 0.141 nm) such ELF localization
makes sense and confirms the covalent character of
the Sn2-Sn2 bonding. This conclusion agrees with th
short Sn2-Sn2 distances (0.278-0.283 nm) and their
covalent character in isotypiBsCwSn, compounds
(R=Tb, Dy, Tm)[36,37]

Both HoAgSn and H@Ag,Sn, are predicted to
have metallic type of conductivity, due to the airse
of a band gap at the Fermi level. In the case ef th
HoAgSn compound the calculations confirmed a
previous experimental study of the electrical
propertieg38].

Final remarks

With regard to the previous results of the studied
compounds formed by a heavy rare earth, silver and
tin and our results it worth noting the importarafe
the temperature/pressure on the formation, stabilit
and structure of the intermediate phase&#Ag—Sn
systems.

The main feature of thB—Ag—Sn systems with a
heavy rare earth is the formation RAgSn, ternary
phases of the cubic QAu-type as, a result of the
stabilization of the high-pressure cul®Sn; binaries
(CusAu-type) [39] in the ternary region. However, in
the R-Ag—Sn systems with a light rare earth, where
the binary compound&Sr crystallize in the cubic
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Fig. 11 Distribution of the total and partial (without émstitial atoms, Fermi level & = 0 eV) density of
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