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Oprtodocdaru IBOBAJICHTHUX METaTiB
MaroTh IiHHI (Di3UKO-XIMiUHI BJIACTHBOCTI, IO
O0OYMOBIIIOE 3HAYHHMH HAYKOBHH IHTEpec 10 ix
BceOiuHoro gociimkenns [1-10]. 3okpema,
mikensb (II) oprodochar Niz(PQw). € edexrus-
HUM TIPOMOTOPOM  B@KJIMBHX  OpPTraHIYHHX
neperBopens [11]. ¥V Toit ke yac, iforo Tepmo-
JUHaMI4HI BIaCTUBOCTI BUBYEHI HEJJOCTATHBO.

Ocob6muBocti cunTe3y Hikedb (II) opro-
dochary [OCHTH JAETaIBHO PO3IISHYTO B
pobotax [4, 12]. liarpama crany cucremu NiO—
P,Os, B skiii  yrBoproetbest  Nig(PQy)z,
npezcrasiena B [13].

Hikens (II) oprtodocdhar Hanmexkute a0
MOHOKJIIHHOI CHHTOHIi 3 HPOCTOPOBOIO TPYIIOIO
P2i/c Ta wMae Taki TmapaMeTpH TIPaTKH:
a=5.824(1), b=4.694(1), ¢=10.101(1) A,
a=y=90°,5=91.13(1)° [14].

Jesxi TepMOIMHAMIYHI rapamMeTpu
Hikenb (II) oprodochary HaBeneno B poboTax
[14, 15]. B [14] nocnimkeHO i300apHy TeIuio-
emuicte Niz(PQy)2 B HH3BKOTEMIIEpATYPHOMY
miamazoni 1.8—-100K. Bemnmumny C, naHoro
¢dochpary npu 298K mpencrasieno B [15]. V
poborax [16-18] mus 3a3HaueHOl CONi HABEACHO
3HAYEHHS MOJIBHOI 130X0pHOI TermoemHocTi Cy
Opu  KIMHaTHIH — TemmepaTypi, a  TakKoxX
BU3HAUYEHO HM3KY TEIIO(Qi3NYHUX MapaMeTpiB:
TETIOTPOBITHICTh, CEPEIHIO TEIIOBY IIBU/I-
KiCTh, IOBXHHY BIJILHOTO MPOOIry ()OHOHIB.

Otxe, B JNTEpaTYpHUX JDKEpellax TepMO-
muHaMigHi  BrmactuBocti  Hikenb (II)  opro-
(docdary BHUCBITIIEHI HemocTaTHhO. Ha maHuit
yac HasBHI pO3pi3HEHI BiZOMOCTI TUIBKH TPO
OKpeMi IapaMeTpu MpU HU3BKUX TeMIIepaTypax.
3 ormagy Ha e, Oynaa copmylnboBaHa MeTa
JaHoi poOOTH, siKa TOJIATaNa y BU3HAUCHHI IS
Ni3(PQy)2 B MHUPOKOMY TeMIIEPaTypHOMY
inTepsan 298—-1618& (Big KiMHATHOI 10 TOYKH
IUIABJICHHS) DSy BaXIIMBUX TEPMOJMHAMIYHHX

napameTpiB: i300apuoi C, Ta i30xopHoi Cy
MOJIBHUX TETUIOEMHOCTEH, (YHKINIA CHTAIBITI{
AH, BuyTpimHboi eneprii AU, entpomii A4S Ta
eneprii ['i66ca 4G.

I306apuy temnoemuicTs Hikenb (II) opro-
dochary Bu3Hauanm 3a MeroaoM Kemmtora-
Ky6ameBcbkoro [19], skuii TOpiBHIHO 3
momiOHMME a00 aIbTePHATUBHUMH METOIAMH
[20-24] mailikpame MmAXOOWTH came IS
¢docharanx  3paskiB  [25-27].  BazoBum
PiBHSHHAM Yy JHaHiii poOOTi cIyryBaB BHpa3
Maepa—Kemri [28]:

C,=A+BT+CT™ (1),

ne A, B i C — koeoinientn, a T — aOCONIOTHA
TeMIeparypa.

3actocoBHicTh Bupasy (1) mis Nis(PQy)2 B
mMpokoMy iHTepBaimi Bim 298 mo 1618K
IPYHTYETHCS HA BIJIOMHX EKCIEPUMEHTAILHUX
nmanux. 3rigHo [4, 13, 14], mikens (II) opro-
¢dochat Mae enuHy KpHCTaliuHy MOIUQIKaIiIo
Ta JI0 TEMIIEPATypPH CBOTO TUIABJICHHS HE 3a3HAE
KOJHUX (Pa3oBUX MEepeTBOpeHb. 3BiICH CIiAYE,
[0 WMOBIPHICTP aHOMAJBHOTO XOAY KPHBOI Ha
rpadiuniit 3anexHocti C, Bin 7 € HEBUCOKOIO.

3a  pmomomororo  Mmeromy  Kemmora-
KyObameBcbkoro, a TakoX BUKOPHCTABIIN
JOMTOMDKHI BimomocTi 3 [4, 15], HaMu oxepkaHo
piBastHES (2):
C, =29105+6473010°T - 546[10°T %  (2).

TeMmrrepaTypHy  3alleXKHICTh  130XOpHOL
termoemMHocTi Cv s oOpaHoro  ¢ocdaty
BU3HAYaIM MeTogoM Marnyca-Jlinnemana [29].
IIpu upomy piBHsHHsA (2) Gpanm sk Gas3ose, a
pospaxyHkn mpoBoguau moxioao go [30]. B
pe3ynbTati oTpuMaHo Bupas (3):
C, =29105+64.7300°T -

(3).
—-5.46[10°T 2 -1.21[1073T3%/2
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Hlnsxom inTerpyBanHs piBHsHB (2) 1 (3),
BHKOPHUCTOBYIOUM Bimomi QyHkiii [31], Brepime
mis  Nis(PQi), B imtepBami 298-161&K
OTPUMAHO TEMIepaTypHi 3aJeKHOCTI 3MiHU
entanemii AH, BHyTpimHbOi eneprii AU Ta
enTpomii A4S Y OUIBIIOCTI BUNAAKIB KpPOK
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Puc. 1. TemneparypHi 3anexHocTi i306apHoi (a) Ta i3oxopHoi (6) Teroemuocreii Nig(PQy)2, a Takox Huszku
OB’ s3aHKX i3 HUMHU QYHKIIH: eHTansmii (B), BHYTpilHbo1 eHeprii (r), entpomii (1) i eneprii ['i66ca ().

Y T1abn. 1 mnpeAcTaBICHO BETUIMHHU
TepMOIUHaMIYHKX TlapameTpis Hikenb (II) opro-

dochary mas 1 SAThOX 0a30BUX TEMIIEpATyp:
osm3pkoi 10 kiMHaTHOI — 300K; Temmeparypu
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nocsirHeHHst Mexi Jromonra i Tl [32] — y
nmaHoMmy Bumnaaky Onusbko 700 K; mocsrHeHHs
2/3 BiJ TOYKH IUIABJIEHHS HOCIIIKYBaHOI COMi —
3aJICKHO  BiJ  MAXOAY B pO3paxyHKax
OTPUMYIOTBCS BEIWYMHH, HaOmwkeHi mo 1100
a6o 1150K; touku mepiioro (asoBoro mepe-

Tabaunsi 1. BcraHoBneHni TepMoAMHAMIYHI
Temieparypax intepsainy 298—161&K

xony (mnmaBnenHs cmoiyku) — 1618K. I3
OTPMMaHHUX Pe3yIbTarTiB ciigye, mo Hikers (I1)
oprodochar mpu Temmeparypax 298-161&

Mae  JIOCHTh  BHCOKY  TEPMOJHMHAMIYHY
CTaOUIBHICTb.
BinactuBocTi  Ni3(PQu), mpu  geskux Ga3oBUX

TepmonuHaMigHAH BennunHa TepMOIMHAMIYHOTO IMapaMeTpa MpH MEBHIN TeMrepaTypi
napamerp 300K 700K 1100K 1150K 1618K
C,, Jx/(monpxK) [33] 249.80 325.22 357.74 361.36 393.7(
Cv, Jx/(monbxK) 243.51 302.81 313.60 314.17 314.95
AH,  xJ[x/monb 0.50 119.47 256.35 274.33 451.09
AU, xJx/momn 0.49 113.93 237.67 253.36 400.87|
A4S, JIx/(monsXK) 1.67 249.40 403.53 419.51 548.16
AG,  xJx/momn -0.002 -55.12 -187.53 -208.11 -435.83
Opepxani  (Bi3UKO-XIMIYHI  MMapamMeTpu 2. Changhoon Choi, Seung-Deok Seo, Hyun-Woo
TAKOXK BaJKIMBI TS HACTYITHHX Shim, Mushtag Ahmad Dar, In Sun Cho, Dong-Wan
TEPMOJMHAMIYHAX ~ PO3PAXYHKIB 1 MOXKYTb K_im. Fa_\cile synthesis and electroactivity of 3-D
BUKOPHCTOBYBATHCH TPH  PO3po0Ii  HOBHX hierarchically superstructured cobalt orthophosphat

croco0iB cuHTe3y abo TepMidyHOI 0OpOOKH
Nig(PQu),. Ile, y cBowo wuepry, m03BOJSIE
peKoMeHIyBaTH  3asHadeHWid  Qocdar s

BHCOKOTEMIIEPaTypPHOTO 3aCTOCYBAHHS.
BucHoBKH

VYneprre ans Hikens (II)  optodocdary
Niz(PQy)2 B inTepam 298—-1618K oxepsxaHo
TeMITepaTypHi 3aJICIKHOCTI OCHOBHHX
TEPMOJIUHAMIYHUX MapameTpiB: i3006apHoi C, Ta
i30xopHoi Cy MOJNBHUX TEIUIOEMHOCTEH, 3MiHU
entanemii  AH, BHyTpimHBOI eHeprii AU,
euTpomii A4S Ta eHeprii [i066ca AG.
Bcranosneno, mo ganuii gocdar mae 3HaAUHY
TePMOJMHAMIYHY  CTaOUTBHICTH Ta  MOXKE
BUKOPUCTOBYBATHCh y BHCOKOTEMIIEPATYpPHHX
XiMiuHEX Ta  (QI3MKO-XIMIYHHX  Ipolecax.
OneprxaHi BETUYMHHU TAKOXK MOXYTh CITyTyBaTH
HAYKOBOIO OCHOBOIO JIJIsl MOJICTFOBaHHS (ha30BHX
piBHOBar y 0araTOKOMIIOHEHTHHX CHCTEMax 3a
yuactio Niz(PQy)2.
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THERMODYNAMIC PROPERTIES OF
NICKEL (I11) ORTHOPHOSPHATE Ni3(POa4)2

Kozma A.A., Golub N.P., Golub E.O., Vashkeba N.B., Stehura V.V., Gomonaj V..

In this work for the first time for nickel (II) dnbphosphate MiPQs) in the range of 298-1618
K temperature dependences of the key thermodyngaiemeters are received: isoba€g and
isochoric theCy molar heat capacities, changes of an enthalpyinternal energylU, entropy4S and
energy of GibbgIG.

Isobaric heat capacity of nickel (Il) orthophosghatas determined by Kellog-Kubaschewski
method. As the basic in this work served of Maielksy equationC,=A+BT+CT?, whereA, B andC
— coefficients, and — absolute temperature.

Nickel (1) orthophosphate has the only crystal ifiodtion and up to the temperature of the
melting does not undergo any phase transformatiemsn this it follows that the probability of the
abnormal course of a curve on graphic dependenCe @i T is low.

Using of Kellog-Kubaschewski method, we receivedeguation: C;=291.05+64.73- 18-
5.46-16T2,

The temperature dependence of isochoric heat dgpaiciCy for the chosen phosphate was
determined by Magnus-Lindeman method. The equati@s a result receivedy=291.05+64.73- 10
3T-5.46-16T2-1.21- 1FT%2 Using the known functions, for the first time 18iz(PQy), in the range of
298-1618 K it is received dependences of the importhermodynamic parameters: isobarjcand
isochoric theCy molar heat capacities, changes of an enthalpyinternal energylU, entropy4S and
energy of GibbgIG.

For example, at the room temperature 300 K o). has such parameters;,=249.80
J/(molxK), Cv=243.51 J/(molxK)4H=0.50 kJ/mol4U=0.49 kJ/mol4S=1.67 J/(molxK), andiG=
—0.002 kJ/mol. At temperature 700 K, correspondmthe classical Dulong-Petit limit of nickel (II)
orthophosphate has such thermodynamic propertigs325.22 J/(molxK),Cv=302.81 J/(molxK),
AH=119.47 kJ/mol4U=113.93 kJ/mol4S=249.40 J/(molxK), andG= —55.12 kJ/mol. In a melting
point of Nk(PQy)2 at 1618 K hasC,=393.70 J/(molxK),Cy=314.95 J/(molxK) 4H=451.09 kJ/mol,
AU=400.87 kJ/mol4S=548.16 J/(molxK), andG= —435.83 kJ/mol.

From the received results follows that nickel @fthophosphate at temperatures 298-1618 K
has rather high thermodynamic stability. It, innfuallows recommending it for high-temperature use.
The received sizes are also important for the sjues# thermodynamic calculations and can form a
scientific basis for modeling of phase equilibrimmulticomponent systems with participation of
Niz(PQu)2.

Keywords: nickel (Il) orthophosphate, thermodynamic paramsetesobaricC, and isochoric
the Cv molar heat capacities, changes of an enthdlpyinternal energytU, entropy4S, energy of
GibbsA4G.





