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Introduction

Hard data on thermodynamic
characteristics of similar chemical compounds
allows:

- to carry out strict system analysis of
properties of these compounds within
groups and periods of Periodic Table;

- to predict properties of similar substances
without carrying of experiments and tests;

- to take into account influence of separate
components of studied systems.

In this aspect, properties study of hydride
compounds have special importance on account of
comparatively simple structure and high loosening
of electronic structure of hydride-ion (H ), which
is a highly sensitive indicator of slightest changes
in properties of atoms-partners.

Results and discussion

In this work we give the investigation
results for processes of desolvation and thermal
decomposition of erbium and lutetium
tetrahydrofuranates. System analysis of
thermodynamic properties of dihydrides and
hexaborides of the whole lanthanides (Ln) row
was carried out.
Methods of chemical analysis, roentgen phase
analysis, and IR-spectroscopy were used for
identification of initial products and products of
their thermolysis. Processes of desolvation and
objects decomposition were investigated using
tensiometric method with membrane zero-
manometer.
The following process schemes were proposed
according to the results of quantitative
tensiometric tests and roentgen phase analysis:
for process of desolvation:
Ln(BH,); -3THF = Ln(BH,); -2THF + THF (gas)
©)
Ln(BH,4); -2THF = Ln(BHy); + 2 THF (gas) (2)
for decomposition process:
Ln(BH,); = % LnBg+ % LnHy+5.5 H, (3)
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The received equalization of barograms allowed
us to calculate thermodynamic characteristics of
processes (see table 1)

Comparative  analysis  of  thermodynamic
characteristics of dihydrides and hexaborides of
lanthanides was carried out using semiempirical

Table 1. Barograms equalizations and
processes’ thermodynamics

Compound Er(BH,); -3THF Lu(BH,);-3THF
process scheme | (1) (@) 3) €)) (@) 3)
LgP,, = A 0.940 | 3.373 | 4.102 1.370 1.878 | 4.301
B- Ai 10°

T B | 1.642 | 8420 | 7.396 | 2.944 | 4449 | 7.313
AT, K 300- 360- 450- 300- 340- 470-

360 380 530 340 375 630
AHy’, 18.0 129.3 | 458.0 | 20.9 103.7 | 488.0
kiloJoule
mol
ASt’,  Joule 31.4 3222 | 785.0 | 50.2 261.9 | 781.0
mol -K

methods. The most reliable data was received
using the method, which takes into account the
influence of f-electrons, spin and orbital moments
of impulses of principal positions of ions Ln’" in
their natural row [1,2]. Such analysis allowed to
determine the dependence character of
thermodynamic  properties (Table 2) of
lanthanides’ dihydrides and hexaborides (Table 3)
with tetrad-effect development within the bounds
of row.

The received data allowed us to calculate standard
thermodynamic properties of borohydrides,
which are the following:

a) for erbium borohydride

AH %, = 643 =40 kilojoules/mol, S, = 42
Joule/mol-K u Cp° =373 £ 5 Joule/mol-K
b) for lutetium borohydride
A 5y = 646+ 40 kilojoules/mol, S9,, = 29
Joule/mol-K u Cp ° = 374 Joule/mol-K

During calculations we assumed that heat capacity
changes of substances in integration intervals
were constant changes.




Table 2. Thermodynamic characteristics

Table 3. Thermodynamic characteristics

of LnH, of LnBg
AfH0293’ AfHOZQ}, kiloJoule SO, Joule
Ll’le kiloJoule SO, Toule LI]B6 ol ol K
mol mol ‘K. Literature Our Our
[3] Calcu [3] Calcula | Calcula data calculations calculations
lation tion tion* Expe | Eval | Calc | Calc | Calc | Calc
LaH, | 201,3 - 51,7 - 56,3 rime | uativ | ulati | ulati | ulati | ulati
CeH, | 202,1 | 2051 | 558 | 55,5 57,0 ntal | e on* | on | on | on*
PrH, | 208.8 | 2069 | 568 | 57.8 57.7 LaBs | 129.6 | 4682 | 1375 | - - 85,7
NdH, | 2109 | 2069 | 589 | 596 | 584 CeBg | 1045 | 341.1 | 1400 | 1488 | 932 | 907
PmH - 205.0 - 1.0 91 PrB, - 4163 | 144,6 | 161,8 | 99,9 | 92,4
2 NdB, | 158.8
SmH, | 179.9 | 201.7 - 61.9 39.9 1714 | 4297 | 1446 | 1714 | 1032 | 932
EuH, - 183.1 - 58.1 60.1 PmB, - 441,8 | 149,6 | 178,5 | 1032 | 93,2
GdH, | 189.1 | 199.0 - - 61.3 SmB, | 267.2 | 453,9 | 1542 | 182,7 | 1003 | 91,5
TbH, | 216.7 | 208.8 | 749 | 654 | 62.0 EuB, | - | 4690 | - [171.8 | 878 | 903
DyH, | 2318 | 2226 | 648 | 677 | 627 GdB; | 167.2
HoH, | 2205 | 230.1 | 552 | 69.1 | 634 B }gzz 4794 | 1513 1 1831 | 849 | 9LI
ErH, | 220.1 | 2326 - 69.9 64.1 200,6 | 4924 | 1751 | 1956 | 949 | 92,1
TmH, | 225.1 | 2293 - 69.8 64.8 DyB, - 501,6 | 173,9 | 211,1 | 102,0 | 91,1
YbH, | 181.2 | 213.8 - 66.7 65.5 HoB; - 514,1 | 183,1 | 216,9 | 1058 | 93,9
LuH, | 2054 - - - 66.2 ErB, - 526,7 | 192,7 | 2174 | 1062 | 92,4
TmB; - 5392 | 188,1 | 212,3 | 103,7 | 93,2
YbB, - 549,7 - 196,0 | 94,9 -
LuB, - 560,1 | 182,2 - 93,2 | 932
Conclusions
1. The  process of  desolvation  of
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tristetrahydrofuranate of the tetrahydroborate of
Erbium and Lutetium proceeds in two stages, and
thermolysis of them proceeds in one stage with
formation of hexaborades and dihydrides of
Lanthanides as well as hydrogen.

2. The thermodynamic -characteristics of the
processes and of the individual Borohydrides of
Erbium and Lutetium are determined.

3. Using  semiempirical  methods  the
thermodynamic characteristics of hexaborades and
dihydrides of Lanthanides has been designed.

The presence of tetrad - effect in character of
change of thermodynamic properties within the
limits of a natural number of these compounds has
been determined.
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TEPMOANHAMMNYECKHUE XAPAKTEPUCTUKHA
TETPATUJAPOBOPATOB JJAHTAHON/IOB
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Bsenenue
JlocToBEpHBIE JaHHBIE O TEPMOJANHA-
MHUYCCKUX XapaKTepI/ICTI/IKaX CXOIHBIX
XUMHUYCCKUX COCI[I/IHGHI/Iﬁ IIO3BOJIAROT:

- IPOBOJAUTH CTPOTHHA CHUCTEMHBIH aHAIU3
CBOICTB 3TUX COCIAMHEHHH B Ipefenax
rpynn ¥ nepuonoB Ilepuoanueckoit
CUCTEMBI XUMUYECKUX JIEMEHTOB;

- IIpeACKa3aTb CBOWCTBA CXOJHBIX BEIECTB,
He npuOeras K 3KCIIEpUMEHTY;

- YYUTBIBaTh BIIMSHUE OTAEIBHBIX KOMIIO-
HEHTOB U3y4aE€MbIX CUCTEM.

B »TOM acnekre u3yuyeHHe CBOWCTB THAPUIHBIX
COEAMHEHUH HMeeT 0COOYI0 3HAYMMOCTh B CHUIY
OTHOCUTEJIBHO IIPOCTOTO COCTaBa U BBICOKOH
Pa3pBIXIEHHOCTH 3JIEKTPOHHOIO CTPOEHUS
ruapua-uona (H ), KOTOpBIH SIBISETCS TyTKHM
MHIVKAaTOPOM Ha MaJCHIINe W3MEHEHUS B
CBOWCTBaxX aTOMOB-IIaPTHEPOB.

Pe3yabTaTthl 1 00cy:KIeHue

B nmanHOIl pabGoTe mpuBEeAEHBI Pe3yIbTAThI
HCCJIEIOBAHNS TIPOLIECCOB  JIECOJbBATAllUM MU
TEPMHUYECKOI0  Pa3lI0oKeHUs Terparuapodypa-
HatoB (TI'®) GoporuapunoB >pOus M JIOTEIHS.
IIpoBenéH  cuCTeMHBIH  aHamu3  TEPMOJAMHA-
MHYECKUX CBOICTB IUTHAPUAOB U I'eKCaOOPHIOB
BCETo psa JJanTanuoB (Ln).
WnenTrdukanus UCXOTHBIX BEUIECTB U MPOIYK-
TOB HMX TEpPMOJIM3a IPOBEACHBI METONAMH
xuMuueckoro a"anmmza, PDPA u UK-cnekrpo-
ckoru. Ilporeccsl pecombBaTau M pasiio-
KEHUS O0BEKTOB MCCIEJOBaHBl B PaBHOBECHBIX
YCIOBUSAX METOIOM TEH3MMETPUH C MEMOpaHHBIM
HYJIb-MaHOMETPOM.

[lo pesynpTaTaM KONMYECTBEHHBIX TEH3H-
METpUYECKUX ONBIToB U P®OA mnpeanoxeHsl
CJIEQYIOIINE CXEMBI IIPOLIECCOB:

JIeCOoIbBaTallH:

Ln(BH4); -3TT'® = Ln(BHy); -2TI'® + TI'® (ra3)
(M

Ln(BHy); -2TT® = Ln(BHy); +2 TT'® (ra3) (2)
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Pa3JIOKEHHUS
Ln(BHy); =2 LnBet+ 2 LnH,+5.5 H, (3)
[NomydeHHble ypaBHEHUs Oaporpamm ITO3BOJIIH
paccyMtaTh ~ TEPMOJUHAMHYECKHE  XapakKTe-
PHUCTHKH TIporieccoB (Tabi. 1).

Tabnuua 1. YpaBHenus 6aporpamm u

TCPMOJAUHAMHUKHU ITPOLECCCOB

CoeanHenne Er(BHy);-3TIr'® Lu(BHy);-3TIr'®
Cxema (1) (2) 3) (1) 2 (3)
nmpouecca
LgP,, = A 0940 | 3373 | 4,102 [ 1,370 1,878 | 4,301
B- A 10°
T B | 1,642 | 8420 | 7,396 | 2,944 4449 | 7313
AT, K 300- | 360- 450- 300- 340- 470-
360 380 530 340 375 630

AH{°, 18,0 1293 | 4580 | 209 103,7 | 488,0
j9IPY

MOJIb
AST%, 314 | 3222 | 7850 | 502 261,9 | 781,0
Jhx

MOJIb - K
IIposeneH CPAaBHUTEJIBHBIN aHanu3
TEPMOIUHAMHUYECKHUX XapaKTEPUCTUK
JUTHAPUIOB U reKca6opI/m0B JJAHTAHUIOB
NOJIYSMIINPUIECKUMH METOJAaMHM. Hawnbonee
HaJEKHbIE JaHHBIE IMOJIYy4YEeHbl 10 METO.Yy,

YUNTHIBAIOIIEMY BIHUSHHE 4YHcaa f-3JIEKTPOHOB,
CIIMHOBBIX U OPOUTAJIBHBIX MOMEHTOB KOJIMYECTBA
JIBIYKEHHS OCHOBHBIX COCTOSHMIT HOHOB Ln’" B nx
ecrectBeHHOM psany [1,2]. Taxoi anamus
MO3BOJIMJ YCTAaHOBHUTH XapaKTep 3aBUCHUMOCTU
TEPMOJIMHAMUYECKUX XaAPAKTEPUCTUK IUTHIPU-
noB  (tabm.2) wum  rekcabopumoB  (tabm.3)
JAHTAaHUJOB C IpOsIBIEHHEM TeTpan-3ddexra B
npezenax psaaa.

[lomyueHHble JaHHBIE IIO3BOJIMIIM PacCUUTATh
CTaHJApTHBIE  TEPMOAMHAMUYECKHE  XapakTe-
pHUCTUKU OOPOrHAPUAOB, KOTOPHIE PABHBL:

a) nys 6oporuapua dpous

AH % = 643+40 x/lx/momb, S5, = 42
Jix/mons'K u Cp® =373+ 5 Jlx/mMons K

0) st OCopruapHIa TFOTEITUS




AH e = 646140 ] [x/Mois,
Jlx/mons K u Cp ° = 374 Jlx/mons-K

[Ipu pacuérax NMpUHATO AOMYyILEHHE TTOCTOSHCTBA

M3MEHEHUS TeTUTOEMKOCTH BEIIECTB B HHTEPBaIaX

MHTETPUPOBAHMS.

Tabauna 2. TepmogunaMmuyeckue
xapakrepuctuxku LnH,

S = 29

AfH g3,
LnH, k/[x/MOb S°, Iix/mombK
[3] Pacue [3] Pacuer | Pacuer
T *

LaH, | 2013 - 51,7 - 56,3
CeH, | 202,1 | 205,1 | 55,8 55,5 57,0
PrH, | 208,8 | 206,9 | 56,8 57,8 57,7
NdH, | 210,9 | 206,9 | 58,9 59,6 58,4
PmH, | - | 2050 | - 61.0 | 59,1
SmH, | 179,9 | 201,7 - 61,9 59,9
EuH, - 183,1 - 58,1 60,1
GdH, | 189,1 | 199,0 - - 61,3
TbH, | 216,7 | 208,8 | 74,9 65,4 62,0
DyH, | 231,8 | 222,6 | 64,8 67,7 62,7
HoH, | 220,5 | 230,1 | 55,2 69,1 63,4
ErH, | 220,1 | 232,6 - 69,9 64,1
TmH, | 225,1 | 2293 - 69,8 64,8
YbH, | 181,2 | 213,8 - 66,7 65,5
LuH, | 2054 | - - - 66,2
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Ta6mmma 3. TepmonnHaMHYECKHE
xapaktepuctuku LnBg

AfH 5, kJIK/MOIB s°,

LnBg Jx/mMoms K

Jluteparypn Hamn Hamu

bIe pacyersl pacyersl

Okc | Ouen | Pacu | Pacu | Pacu | Pacu

nepu | ouHbl | er* eT eT er*

MCHT (5]

aJIbH

13
LaBg | 129,6 | 4682 | 1375 - - 85,7
CeB, | 104,5 | 341,1 | 140,0 | 148,8 93,2 90,7
PrB, - 416,3 | 144,6 | 161,8 99,9 92,4
NdB, | 1588

171,4 | 4297 | 1446 | 171,4 | 1032 | 93,2
PmB; - 441,8 | 149,6 | 178,5 | 103,2 93,2
SmBg | 267,2 | 453,9 | 154,2 | 182,7 | 100,3 91,5
EuB - 469,0 - 171,8 87,8 90,3
GdB; | 167,2

179,7 | 4794 | 151,3 | 183,1 84,9 91,1
TbB, | 1881

200,6 | 4924 | 175,1 | 195,6 94,9 92,1
DyBs - 501,6 | 173,9 | 211,1 | 102,0 91,1
HoBg - 514,1 | 183,1 | 216,9 | 105,8 93,9
ErBg - 526,7 | 192,7 | 2174 | 106,2 92,4
TmBg - 539,2 | 188,1 | 212,3 | 103,7 93,2
YbB; - 549,7 - 196,0 94,9 -
LuB, B 560,1 | 182,2 - 93,2 | 932
BriBoabI
1.IlIpouiecc  neconbBaTtaliiu  TPUCTETPAruapo-

¢dypaHaToB OOpOTHAPHIOB JpOHMS M JIOTELUS
NpOTeKaeT B JBE CTaIdM, a TEPMOJIU3 UX
NpOTeKaeT B OJHY CTagui0 C o00pa3oBaHHEM
reKkcabopuoB, JTUTHUIAPUIOB  JIAHTAHUIOB H
BOJIOPOJIA.

2. OmnpeneneHbl TEPMOJMHAMHUYECKHE XapakTe-
PHCTHKH TIPOIECCOB HMHIMBUIYAIbHBIX OOpOTH-
JPHUIOB 3pOUS U JTFOTELIHS.

3. INomy>MNupUYECKUMH METOJaMH PAaCCUHTAHBI
TEPMOANHAMHUYECKHAE XapAaKTEPUCTHKU IUTHAPH-
JIOB U TeKCaOOPHUIOB BCEX JIAHTAHHUJIOB.
VYcraHoBneHo — Hamuuue — Tetpaa-dddexra B
XapakTepe  W3MEHEHHS  TEPMOJIMHAMUYECKHX
CBOMCTB B Mpe/eiax eCTeCTBEHHOTO psiaa STHX
COCIMHEHUN.
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