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Ctpyktypa MSe,

MSe, = [M3*Se2],[Se,?] CeSe;y —> C€105€y

o-M O- Se

MSe,, 1.5 < x < 2.0



JlutepatypHble gaHHble NO cocTaBaM TBepAbIiX ¢pa3

system
LaSe,-LaSe, ¢

CeSe,-CeSe, ¢

DySe; g75-DySe; s

YSe; g5-YSe 5

solid phases
LaseZ; Lasel.Q; (Lase1.82' I—a‘Se1.67)soIid solution » Lasel.S

CeseZ; Cesel.Q; (Cesel.S' Cese1.6)so|id solution Cesel.S

Prsez; Prsel.Q; (Prsel.8' I:)rsel.G)solid solution ) Prsel.S

Ndsez; Ndsel.9; (Ndsel.78' Ndsel.67)solid solution » Ndsel.5

SmSe, o; (SMSey g- SMSE; 7)solid solutions SMSE; 5
GdSe, g75; (GASe, ggr- GASE; 775)solid solution + CASE 5

DySe; g75; DYSe g4; DySe; s
HoSe, g:; HOSe; ¢,

YSe]_.85; Ysel_go; Yse1.50




NcxoaHble coeaHEeHUs

Element Provenance Mass fraction purity
La Chempur, Karlsruhe 0.999
Ce Treibacher AG, Austria 0.999
Pr Chempur, Karlsruhe 0.999
Nd powder, Alfa 0.999
Sm powder, Fluka 0.999
Gd powder, Alfa 0.999
Dy powder, Alfa 0.999
Ho powder, Strem 0.999
Y powder, Alfa 0.999
Se powder, Strem 0.9999

Th. Doert, E. Dashjav, B. P. T. Fokwa,

Z. anorg. allg.

Chem., 633 (2007), 261.




Cxema TeH3MMeTPUYECKOU YCTaHOBKMU

1 — quartz membrane-spoon manometer;

2 — optical registration system
L{ . ///L [l of manometer null-position;
< i i 3 — mercury barometer; 4 — cathetometer;

&= > 5 — furnace; 6 — thermocouples;

7 — heat-control units; 8 — voltmeter.
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Cxema TeH3UMeTPUYECKOU YCTaHOBKU
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1 — quartz membrane-spoon manometer;
2 — optical registration system

of manometer null-position;

3 — mercury barometer; 4 — cathetometer;
5 — furnace; 6 — thermocouples;

7 — heat-control units; 8 — voltmeter.

Ap = 0.5 Torr
AT =0.5¢
Ax=0.01f. u.

400<T, C<1130
1<p, Torr<760
MSe,, 1.5<x<2.0

The time
of the three-phase
equilibrium establishment:
~400 h.at T=400 C
1h.at T=1130C



PacuyeT cocTtaBa TBepAabix a3

8
PSe Vi
NSej_Zn[ RTi;
NSeJ _ n=1 J

Se, (g) = nSe (9)

X =1f(p, T)




LaSe,-LaSe, -
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1.85 1 @{ :II\I}

« 1.80 3

V.6.67LaSe, go(S)= 6.67LaSe; 5o(S)+Sex(d) = 1703 b
< 1.654

1.60 7@*

1.55 - §
1.50

1.4531 :

0.8

n =>5,

v

lg p(Se,), Torr

05 ! I ! I ! I ! I ! I ! I ! I !
0.0 0./5 080 0.85 090 095 1.00 1.05 1.10

1000/T,K

1.0 1.2
1000/T, K

MSe, -MSe, : (M = La, Ce, Pr, Nd)*

I\/InseZn-l

1, 10, 20,
V v

: MS

MsSeq M;Se3 M, Seyq M,,S€5q
*L.N. Zelenina, T.P. Chusova, I.G. Vasilyeva,
1 J. Chem. Therm. 57 (2013) 101-107.



SmSe; -SmSe, ¢

l. 80SMSe; go(s)=80SmSe; g75(s) + Se,(9)
Il. 80SMSe,; 4,5(S)=80SmMSe; g5(S) + Se,(9)
l1l. 40SmSe; 45(S)=40SmSe; go(S) + Se,(9)
IV. 40SmSe; 5,(S)=40SmSe; 45(S) + Se,(9)
V. 255mSe; ,5(S)=25SmSe; /(S) + Se,(9)
VI. 11.76SmSe, ¢,(S)=11.76SmSe, 5,(S) + Se,(g)
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*L.N. Zelenina, T.P. Chusova, I.G. Vasilyeva,
J. Chem. Therm. 90 (2015) 122-128.



DySe, g75-DySe; s

1.90
. 80DySe, g75(s) = 80DySe gs(s) + Se,(9) L MD—':%“‘ —
1. 40DySe, g:(S) = 40DySe, g(S) + Se,(g) 10| e P !
IIl. 40DySe, g(S) = 40DySe; .(S) + Se,(g) gl e !
IV. 25Dy Se, 75(s) = 25Dy Se; g;(s) + Se,(9) $ 170l :, v
V. 11.8DySe; o/(S) = 11.8DySe; ,(S) + Se,(g) & I e e
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*L.N. Zelenina, T.P. Chusova, A.V. Isakov,
J. Chem. Therm. 102 (2016) 89-94.
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|. 40H0Se; g5(S) = 40H0Se, go(S) + Se,(9)

Il. 4A0H0Se; go(S) = 40H0Se; .:(S) + Se,(9)

lll. 25H0Se; 45(S) = 25H0Se, 4/(S) + Se,(9)

V. 11.8H0Se; 4/(S) = 11.8H0Se, 5((S) + Se,(g)
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YSe;g9-YS€ 5
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OGpaboTKa aKcnepMMeHTanbHbIX AaHHbIX

N

S
L=(27) %e %O
_ 3§ (pij<exp) ~ Pijgea )2

j=1i=1 , ( dp
(Apu) +(ATu) JT

where Py is experimental pressure, ')

p. IS the pressure calculated by equation:

Pcaic = poexp['ArHT/RT+ ArSOT/R+§0(ArCOp1T)] A H A S

here p° is the standard pressure of 101.325 kPa, T T

AH,gs, A,S°,q are the enthalpy and the entropy In(p/p°) £ 20 = A— B/T — CIn(T)
of the process, ¢(A,C°,,T) is heat capacity o2=alT2-b/T +c

change in the process studied

Ap and AT are the errors in the measurements of ArHT T t\/a1 ArST T t\/C

the pressure and temperature, respectively.

2
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TepMmoaHaMmmnyeckue napameTpbl peakuum
Ans cucteMbl SMSe; -SmSe; -

A H®,oq ArS

X=X, A B C kJ-mol J-mol 1K1
I1-law IHl-law | 11-law  Ill-law

SmSe, Inp(Se,)/(atm)=A— B/T — CIn(T)

190875 | o6 105 | 20055.0 | 1.00204 | 164.242.6 | 165+2.6 |161.9+3.0| 16343
1875185 | 56573 | 21039.7 | 1.00314 | 172.442.4 | 17242.4 | 162.6+2.5| 16323
1852180 | 56419 | 25152.3 | 100474 | 206.6+0.7 | 206+0.7 | 163.5+0.6| 1633
1.80>L1.75 1 55 359 | 25894.4 | 1.00294 | 212.8+2.2 | 212+2.2 | 163.3+1.8] 163+3
1.75-1.67 | 56301 | 28188.2 | 1.00742 | 215.2+1.6 | 215+1.6 | 162.7+1.4| 163+3
1.67>1.50 | 26.272 | 26393.3 | 1.00546 | 217.0+4.9 | 217+4.9 | 162.4+3.9| 163+3

14




PaszHuua mexay BenUUNHaMm 3KCNepUMEHTaNbHOrO (P,,) U
paccunTaHHoro (p.,.) AaBneHus

1.5+
154

Il. 80SmSeq g75(S) = 80SmSe  g5(s) + Sex(9) 15+ _
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TepmoanHamMuyeckue xapakrepuctukum LaSe, and CeSe,

Phase —AH50 S8 C®) 208™ S8 "
(s) KJ - mol-. J-moltK-t | J-molK*! |J-moltK-

LaSe, 485.9 122.5%1.0 75.3 122
LaSe, o 484.9 120.3%1.0 74.0 120
LaSe, 4, 483.4 118.2£1.0 72.8 118
LaSe, 4 481.5 116.1%+1.0 71.5 116
LaSe, g, 479.5 114.1+0.4 70.3 114
LaSe,., |466.5£11[lit] | 101.1*0.3[lit] | 68.78£0.2[lit] ;
CeSe, 484 131.9+4.0 82.7 132
CeSe, o 483 129.7+4.0 81.4 130
CeSe, 482 127.6+4.0 80.2 128
CeSe, g 480 125.5+4.0 78.9 126
CeSe, g, 478 123.4+4.0 77.7 124
CeSe, ., 466%63 [lit] |110.9+4.0 [lit] | 70.2+3.5 [lit] ;

* OLeHKa no ypaBHeHuto: MSe, = MSe, .+ (x-1.5)Se

16



TepmoanHamMuyeckue xapakrepuctukm PrSe, and NdSe,

Phase —AiH g S8 Cp208 * S8 "
(s) KkJ - mol-. J - mol-tK-t | J-moltK=! | J-moltK-!

PrSe, 488 134.0%2.0 76.7* 136.7
PrSe, o 487 132.0%2.0 75.4* 134.6
PrSe, o, 486 129.9%1.0 74.2* 132.5
PrSe, g 485 127.8%1.0 72.9* 130.3
PrSe, g, 483 125.7%1.0 71.7*% 128.2
Prse,,, | 47142[lit] | 115.5%0.9[lit] | 64.2£0.5 [lit] :
NdSe, 486 132.6%2.4 77.6* 132
NdSe, o 485 130.4%2 .4 76.4* 130
NdSe, 4, 484 128.3%2.4 75.1* 128
NdSe, g 483 126.2%2 .4 73.9* 126
NdSe, g, 482 124.1%2.3 [/2.6* 124
NdSe, ., 471 £63[lit] | 111.3%2.2[lit] | 65.1%1.3 [lit] -

*OueHKa no ypaBHeHuto: MSe, = MSe, .+ (X-1.5)Se

17



TepmognHaMmunyeckue xapakTepucTtukn Smse,

Phase —AiH 04 S0 Cp208 ™ S8
(s) KkJ - mol-. J-moltK=t | J-molK! |J-moltK

SmSe, 452.3 127.5+1.5 74.1 127.5
SMSe, 4. 452.0 126.441.4 73.5 126.4
SmSe, 4. 451.7 125.4+1.4 72.9 125.4
SmSe, 4 450.1 123.3+1.4 71.6 123.3
SmSe, . 448.3 121.2+1.3 70.4 121.2
SmSe, . 445.5 117.841.3 69.1 119.0
SmSe, ¢, 439%42[lit] | 110.6%0.9[lit] | 64.1%0.2 [lit] -

*OueHKa no ypaBHeHuto: MSe, = MSe, .+ (X-1.5)Se

18



TepmoanHamuyeckue xapakrepuctukm GdSe, and DySe,

Phase —AfH®59q S8 Cp208 * S8
(s) KJ - mol J - mol-tK-1 J - mol-tK-1 | J-mol*K™!

GdSe, . 545.5 114.441.4 72.40 114 .1
GdSe, 4 545.1 113.4+1.4 71.78 113.0
GdSe, 4, 543.8 111.3+1.4 70.52 110.9
GdSe, . 542.4 109.1+1.3 69.27 108.8
GdSe, 539.7 105.7+1.3 67.27 105.4
GdSe,., | 53417[lit] | 98.250.8[lit] | 63.010.2[lit] i
DySe, e 491.2 136.3 74.1 136.1
DySe, 4 491.0 135.2 73.5 135.1
DySe, 490.6 133.1 72.3 133.0
DySe, - 489.2 130.9 71.0 130.9
DySe, 486.9 127.5 69.0 127.5
DySe,,, | 482%16[lit] | 120.3#10.5 | 64.742.5 -

*OLeHKa no ypaBHeHuto: MSe, = MSe, .+ (X-1.5)Se



TepmoanHamMmuyeckue xapakrepuctukm HoSe, and YSe,

Phase —AH 5 S8 Cep208 ™ S8
(s) KJ - mol- J - mol-tK-1 J - mol-tK-! | J-mol*K™!

HoSe, 4 488 137.4 72.5 137.2
HoSe, 4, 488 135.2 71.3 135.1
HoSe, .. 487 133.1 70.0 132.9
HoSe, 485 129.8 68.0 129.6
HoSe,., | 481#63[lit] | 122.4#10[lit] | 63.7+10[lit] | 122.4
YSe, 4 477 102.9 69.7 102.6
YSe, . 476 100.7 68.3 100.5
YSe, ., 474 97.3 66.2 97.1
YSe,., | 471#83[lit] | 90.0+10.5[lit] | 61.6£10[lit] -

*OLeHKa no ypaBHeHuto: MSe, = MSe, .+ (X-1.5)Se
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Ig p(Se,), Torr

Ne La, Ce, Pr, Nd Sm Gd, Dy Ho Y
| 2.0 > 1.95
1 1.95 -1.90
1.90 — 1.875
. 1.90—185 ™1 575 5185 | 1.875 -1.85
AV 1.85 — 1.80 1.85 — 1.80 1.85—-1.80 |[1.85— 1.80
1.80 - 1.75 180—-175 |1.80—-1.75|1.80 —1.75
V 1.80 —-1.50 1.75 —- 1.67 1.75—->167 |1.75—>1.67|1.75 > 1.67
1.67 — 1.50 1.67—-150 |1.67—-150|1.67 — 1.50
3.0 -
2.8 IV. 1.85 -- 1.80
2.6 Nd
2.4 Pr 230 ] IV. 1.85 - 1.80 . J230
22 ] Ce 220_- *\ * drHOZQB - 220
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kJd/mol

298’

drG°

Ne La, Ce, Pr, Nd Sm Gd, Dy Ho Y
I 2.0 - 1.95
1 1.95 -1.90
1.90 —- 1.875
. 1.90—185 ™1 575 5185 | 1.875 -1.85
Vv 1.85 — 1.80 1.85 — 1.80 1.85—1.80 |1.85 — 1.80
1.80 — 1.75 1.80—-1.75 [1.80—1.75|11.80 — 1.75
V 1.80 —1.50 1.75 — 1.67 1.75—-167 [(1.75—>1.67|1.75 — 1.67
1.67 — 1.50 1.67—-150 |1.67 —-150]|1.67 — 1.50
® 200--1.95
1 s 195-1.90 L0 *
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170 1.80--1.50 o .
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160 re)
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140 4 ° = .
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130 ~ °© ol B L7517 Ho
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lg p, Torr
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TepMmoauHamMmmnyeckoe moagenMpoBaHue
-M-Se-Si-O

AG (T) =20 AfGO%ong(T) + 20 AG®0(T) + 2pRT Inp;

icond

T T
AGicona (T) = AH®(To) + JAC(T)AT — TAS*(T,) — TIAC (T)/TdT
T T

0 0
conditions used :
Information used : 0 =1.013 105Pa,
AfH0298’ 80298’ Cop :f(T) 873<T/K <1273

~50 cond. phases and gas. species

condensed phases
Se, MSe,, I,, SIO, SIO,, SeO,, M,0; Ml,, Ml,,

gaseous species
Ar, O, O,, Se, Se,, Se;, Se,, Ses, Seg, Se, Seg, SIO, SIO,,

Se0,, SeO, MO, Sily, Sils, Sil,, Sil, Ml,, Ml,, 10, I, | e



Pe3ynbraTbl MOAENMUPOBaHMA NpoLecca pocTa KpuctannoB PrSe; o

Atomic concentrations
of elements n, g-atom

Total pressure p = 1 atm

Condensed phases formed

Ar I Se Pr T oC Composition | Yield (mol
’ (x in PrSe,) % PrSe,)
1 0.01 1.95 1 607—613 1.95 99.7
1 0.1 1.95 1 697—702 1.95 96.1
1 0.09 2.0 1 721—723 1.95 97.0
724—726 1.95 85.5
1.90 11.5
1 0.1 2.0 1 721—726 1.95 96.7
2 4 3

1
I
©00000 / 0000000 :
I
1

S o=

[ ]
000000 Q000000

|

1
Scheme of the reactor for the crystal synthesis:
1 reactor, 2 system for iodine addition,
3 glass capillary with iodine, 4 magnetic sticker,
the circles denote a two-zone furnace.

L.N. Zelenina., T.P. Chusova, N.V. Podberezskaya, D.A. Piryazev, 1.V. Korolkov. J. Struct. Chem. 56 (2015) 721-727
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BbiBoAbI

— JleTanbHOE TEPMOAMHAMUYECKOE MCCIIEI0BAaHNE TOKA3al0, YTO B M3YUYEHHOM
MHTEpPBaJIE COCTABOB CYIIECTBYIOT HE TBEPAbIC pACTBOPHI, a JUCKPETHBIC
COCIUHEHUS, KOTOPhIE MOXKHO omucaTh obmieit hopmymnoit M. Se, , (n =3, 4,5, 7,
8, 10, 20)

— [Io »3KcCrepUMEHTaJbHBIM JaHHBIM pAaCCUMTaHbl TEPMOJMHAMHYECKUE
XapaKTEPUCTUKHU B3aMMHBIX MPEBpaIlleHU TBEPJbIX (ha3 B U3yYCHHBIX CHUCTEMaX.
(AH°7, AS*)

— C 1§puBlIeUeHHEM JIMTEPATYpHBIX JAHHBIX OIICGHEHBI  CTaHJApPTHbBIC
TepMoauHamMuueckue xapakrepuctuku (AH°;, S°;, AG°;) wHccaemyembix
COCIUHCHMU.

— Haiinensl TepMonuHamudeckue napamerpsl (Pg, ¥ T), ompeaemnstonue mous
CTAaOMJILHOCTH M YCIOBHS pOCTa OJHOPOIHEIX (a3 nmoiuceneanaos La—Nd, Y, Sm,
Gd u Ho 3agannoro cocrasa

— IlIpoBeneHo TEpPMOIAMHAMHYECKOE MOJICIMPOBAHME MPOIECCOB  POCTa
KPUCTAILUIOB METOJIOM XUMHUYECKUX TPAHCIOPTHBIX peakiuii Ha |, W momydeHbl
KPHUCTAJIJIbI MPOMEKYTOUHBIX IMOJUCEISHUIOB B MCCIICIOBAHHBIX CUCTEMaX
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Cnacubo

3d

BHUMaHue!
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