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PenmeenocmpykmypHum Memooom NOAKPUCIANA BUSHEHO KPUCTATIYHY CIPYKIMYPY HOBO20
mepnapnozo gocghioy HfsNiyP;3: cmpykmypnuii mun ZrgNiyoP ;3 npocmoposa epyna P 6 ,
a=1,24684(2) um, ¢ = 0,35935(1) um, Rp = 0,0318, Rp.uee = 0,0439. Y cmpyxmypi noeozo
@ocioy npocmedcyemvca ynopaokosane po3mauty8anHs yCix amomie y Kpucmanozpa-
@iunux nosuyisx. Amomam gocgopy npumamanna mpueoHAILHO-NPUSMAMUYHA KOPOU-
Hayis 3 amomie memanie. Llei ¢ocghio € Opyeum npedcmasHuKom 20Mono2iuHoi cepii
HAOCKUX OB0WAPOBUX 2EKCASOHANLHUX CIPYKMYP 31 CHIBEIOHOWEHHAM MEMA : Memanoio,
wo dopienioe 2:1, y cucmemi Hf-Ni—P.

Kmiouoei cnosa: kpucmaniuna cmpykmypa, nepexionuii meman, Hixenn, I'agmuiil, dhocgio.

Beryn

[otpiiina cucrema Hf-Ni—P croromui BuBuena He nosHicTro. 1 Hel He T0OyI0BaHO
niarpamu (a3oBUX PIBHOBAr, MPOTE BHUSABJICHO YTBOPEHHs cemu TepHapHuxX daz: HINiP
[1, 2], H;Ni;P; [3], HINiyP, [4], HENIP [5, 6], HENiggsP, [7], HEsNiP; [8] ta HfyNiP
[9], ocTaHHs 3 SIKMX € TPaHMYHHM CKJIQJIOM TBEPJIOr0 PO3YMHY HA OCHOBI OiHApHOTO
inTepmetaniny Hf;Ni 3i crpykryporo tumy Al,Cu, mo nocsirae ckmaxy Hf;NiP i xapakre-
PH3YETBCS YHOPSIIKOBAaHOK cTpyKTypoto Ty Nb,CoSi. Crin 3a3Ha4uTH, 10 CIIOPiIHEHY
cucrteMy Zr—-Ni—P BuB4eHO 3HauHO JeTaypHime: MoOyJOBaHO i30TepMiuHMK mepepis ii
niarpamu cray 3a temmeparypu 1070 K, BusiBneno icuyBanHs 13 TepHapuux docdinis
IIMPKOHIIO Ta HIKEJI0, SIKI YTBOPIOIOTECA B iHTepBani koHueHrpaniii 0-0,67 moin. vact. P
[10], ms 6iTBIIOCTI CHHTE30BaHUX TEPHAPHUX (Pa3 BUBUCHO KPUCTAIIYHY CTPYKTYPY.

Ilix yac cUCTEMAaTUYHOTO JOCTIHKEHHS TPUKOMITIOHEHTHHX CIUIaBiB cucremu Hf-Ni—P
3a temneparypu 1070 K mamu BusiBneHo HoBwmii TepHapHuit ¢ocdim HELNipP; [11] Ta
PEHTTEHOCTPYKTYPHUM METO/IOM MOJIKpUCTalla BU3HAUYEHO HOTO KPUCTANIIYHY CTPYKTYpY,
sKa HaJeXuTh 10 cTpykrypHoro tumy (CT) Zr,Fe|,P;, Tak camo sk i panimre Bimomuit
TepHapHUi Gocdin mmpkoHito 1 Hikemo ZrNijpP; [12]. AHanmi3z nitepaTypHUX HaHHX
3acBigaye, mo cuHTe30BaHmi Hamu (ocdin HfpNi,P; He mepmmii, skuit Mae i30CTpyK-
TYpHI aHAJIOTH B CHUCTEMi 3 LUPKOHIEM, 30KpEMa, JO OJHAKOBHX THIIIB HaJIEXaTh
CTPYKTYypH CI)Ocq)iHiB Hszi3P3 1 Zeri3P3 (CT ZI‘zNi3P3), Hle4P2 i ZI'Ni4P2 (CT
ZrFesSiy), a Takoxxk Hf,NiP i ZrpNiP (CT Zr,NiP, naactpykrypa no tumy CrB). Otxe,
MOJKHA OYIKyBaTH iCHyBaHHA U iHmmX ¢ocdiniB radHito Ta HiKeTO, SIKi OyIyTh
130CTPYKTYpHHMHU 110 (ocdiiB IUPKOHIFO.
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Marepianu Ta MeTOAUKA A0CiKEHHS

Sk BHXimHI MaTepiald BHKOPHCTOBYBAIU IMOPOIIKU TadHifO, HIKEIIO Ta YEPBOHOTO
dhocdopy (yci unuctororo He Merme 0,999 MacoBOl YaCTKH OCHOBHOTO KOMIIOHEHTA).
Jns cuHTE3y 3pa3KiB MOPOIIKM KOMIIOHEHTIB, Y3ATi V BIOIOBITHHUX CIIiBBiIHOIICHHSX,
peTeNIbHO TepeMilllyBalld, CHpPECOBYBalIM y CTayeBiil mpecdopmi Ta 3amaioBaid y
BaKyyMOBaHI KBaproBi amirynu. CrpecoBaHi OpHKETH CIiKadu y My(QenpHId medi 3
aBTOMATHYHUM PETYJIIOBAHHSIM TEMIlEpaTypu 3a mocTynoBoro (~200 rpan/mody)
migsumeHas temmnepatypu 1o 1070 K i BuTpuMyBanu 3a i€l TeMIepaTypu MpOTIroM
100-150 ron. IloTiM 3pa3kud MOBLIBHO OXOJOMKYBAIM Pa3oM 13 IIYYI0, aMIyid
po30uBaNH, peTeFHO MePETHPANN CIICUeHI OPUKETH, 3HOBY CIIPECOBYBAIH, 3aTIAI0BAIIN B
ammynu i nmosropHo crikanu npu 1070 K nporsirom 1000-1200 ron. omorenizoBaHi
3pa3Ky TapTyBalIN Yy XOJOJAHIM BOJi, HE po30MBarOYM amIryil. Yci 3pa3Ku JIOCIIKyBaIn
IU(GPaKTOMETPUYHO 3a JOMOMOTror mopoiikoBoro mudpakromerpa STOE STADI P 3
JMHITHAM TO3UIIIHHO-TIPEIIM31HHAM JIETEKTOPOM 33 CXEMOK MOJU(IKOBaHOI reoMeTpil
I'inbe, meton Ha nmpoxomxeHHs (Cu K, -BUIIPOMiHIOBaHHS, YBIrHyTHII Ge-MOHOXpOMATOP
(111) tumy loranna, 26/m-ckanyBaHHs, iHTEpBal KyTiB 6 < 260 < 110 i3 kXpokom 0,015 26,
kpok aerekropa 0,480 26, yac ckanyBanHs B kpoiii 200 c¢). PentreniBcbkuii npodinpHuii
aHaJi3 Ta peHTreHo(a30Buil aHalli3 BUKOHAHO 3a JIONOMOTor0 Imakera rnporpaM WinCSD
[13], anst yTOUHEHHS TApaMeTpiB aTOMIB y CTPYKTypax ABO(a30BHX 3pa3KiB BUKOPHCTO-
ByBasm nporpamy FullProf [14].

PesynbTaTi gociaigkeHHs Ta ix 00roBopeHHs

3a JI01MOMOTro0 PEeHTTeHO(])a30BOro aHaji3y HU3KH TPUKOMIIOHEHTHUX 3pa3KiB BUSIB-
JICHO iCHYBaHHS HOBOTO TepHapHOTo Qocdixy, mo mepedyBae B piBHOBa3i 3 paHimie
Bigomumu crionykamu HfNi,P, Ta Hf;Ni ,P;. Binourrs wi€i ¢a3u Bnanocs npo iHaekcy-
BaTH B FeKCaroHaJbHIil CHHTOHIi 3 TapaMeTpaMH eJIeMEHTapHOT KOMipKH, HABEJICHIMH B
Tabi. 1. 3 miTepaTypHHUX JAaHHX BiJIOMO MpO iCHYBaHHS y criopinHeHiit cuctemi Zr—Ni—P
TepHapHOro (ocdiny ZrgNiP|; 3 rekcaroHanbHOIO CTPYKTYypOIO BilacHOro Ty [15],
po3paxoBaHa IudpakTorpamMa sIKOTO BHSBHIIACS MOAIOHOIO N0 AudpakTorpam 3pasKiB 3
rayHieM, 110 TAJI0 MiICTaBU MPHUITYCTHTH 130CTPYKTYPHICTD IIUX CHOJYK.

KoopanHaTu Ta mapaMeTpu TETIOBOTO 3MIIIEHHS aTOMIB y CTPYKTYpi HOBOI CITOTYKH
YTOYHWIM TMOBHOMPOQUIEHUM MeTomoM Piteenbrma [16] 3a mudpakrorpamoro 3paska
BuxigHOro ckianxy HfsNisi3P333, BUKOpHCTaBIIM KOOPAMHATH aTOMIB Ul CTPYKTYPH
ZrgNiyP 3 sk BuximHy monens [15] Ta ypaxyBaBmm gomimiky npyroi ¢asu Hf,NijP;
[11].

Kpucranorpadivai XapakTepUCTHKH Ta YMOBU [TOCIHIMKEHHS CTPYKTYPH HOBOTO
dochiny HfgNioP;3 HaBemeno B Tabm. 1, KoOpaWHATH Ta ITapaMeTPH TEIDIOBOTO
3MIlIEHHsI aTOMIB (YTOYHIOBAIM pa3oM Ul OJHAKOBHX THIIIB aTOMiB) — y Tabu. 2, a
eKCTIIEpUMEHTANIbHY Ta po3paxoBaHy an¢pakrorpamu mast 3paska  Hfjs4Nis; 3Pass
300pakeHo Ha puc. 1.

Js opyroi dasu HE,Ni,P;, y 38°3Ky 3 1i HEBEHKIM BMICTOM Y 3pa3Ky, YTOUHIOBAIN
JMIIe TapameTpu eneMeHrtapHoi komipku: a =0,90023(3) HM, ¢ =0,35647(2) HM;

=0,0764, RBragg =0,170; BmicT azu — 17,5(6) mac. %.

Y CprKTypl HOBoro (ocdiny radHilo, Tak caMo SK 1 y CTPYKTypi TPOTOTHITY
Zr6N120P13, yci aTOMH YHOPSAKOBAHO 3aiMAalOTh BiIIMOBiIHI KpHCTanorpa(pqul no3uiii,
BIZIMOBITHO OOUMCICHUI ckiaj cronyku onucye dopmyna HfgNiy P 3, mo crniBnanae 3
BUXITHUM CKJIaJIOM 3pas3Ka.
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Tabnuys 1

Kpucranorpagiuni XapakTepucTHKH Ta YMOBH YTOUHeHHs1 cTPYKTYpH dochiny HfeNiyoPi3

CrpyKTypHuUil TUI
IIpocToposa rpymna, cumsoi Ilipcona, Z

[MapameTpu KOMIpKH: @, HM

¢, HM
O6’eM eeMeHTapHOi KOMIpKH, HM’
OO0uucnena rycrusa, r/em’
Kopekuist Ha abcopOIiro, tyer
BunpomiHioBaHHS i 1OBXKHMHA XBHJI, HM
Croci0 yTouHeHHS
[Mapamerpu npodinto U; V; W
[Mapamerpu acumetpii P1; P2
KinpkicTs mapameTpiB Uil yTOUHEHHS

Mexi 26 (°)

Bwicr ronosroi ¢asu, % mac.

Kinuesi R-paktopu:  Rp; Ry,
RF; RBragg

ZrgNiyoPis
P6,hP39, 1
1,24684(2)
0,35935(1)
0,48381(2)
9,08

1,3

CuKoay, 0,154060
TloBHOMpOhinbHUI

0,029(5); -0,017(2); 0,013(1)

0,074(3); 0,019(1)

35

6-110
82,5(6)
0,0987; 0,145
0,0318; 0,0439

Tabnuysa 2
KoopaunaTu i napamerpu TenjioBoro 3mimeHHs (Bis,, HM2><102)
aTomiB y cTpyKTypi dpochiny HfsNiyo P13
Atom Tlo3umis x/a /b | z/c Bis,
Hf1 3j 0,542(2) 0,805(2) 0 0,8(1)
Hf2 3k 0,473(1) 0,189(2) 172 0,8(1)
Nil 3j 0,747(6) 0,067(3) 0 1,2(2)
Ni2 3k 0,246(6) 0,915(7) 12 1,2(2)
Ni3 3j 0,418(8) 0,977(6) 0 1,2(2)
Ni4 3k 0,578(6) 0,011(6) 12 1,2(2)
Ni5 3k 0,931(3) 0,090(3) 1/2 1,2(2)
Ni6 3j 0,103(3) 0,900(3) 0 1,2(2)
Ni7 1d 1/3 2/3 1/2 1,2(2)
Ni8 le 2/3 1/3 0 1,2(2)
P1 3j 0,602(7) 0,143(6) 0 0,4(2)
P2 3k 0,390(7) 0,865(9) 1/2 0,4(2)
P3 3j 0,942(9) 0,224(8) 0 0,4(2)
P4 3k 0,052(5) 0,758(9) 1/2 0,4(2)
P5 la 0 0 0 0,4(2)
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Puc. 1. ExcniepumenTanbHa (TOUKH) 1 po3paxoBaHa (JIiHis) JU(PaKTOrpaMu 3pa3ka
Hf}5 4Nis 5P33 5 Ta pisHuuesa aiarpama (BHu3Y), CuK, -BUIIDOMiHIOBAHHS:
1 — Bigburts pazu HfgNiyP,3; 2 — Binbutts daszu HE,Nij,P,.

Ha puc. 2 HaBegeHO TpoekIio cTpykTypu HOBoro ¢octdiny HfgNiyP,; Ha mromuny

ab Ta xoopIuHaLiiHI monienpu aroMiB. ATomu ["aHil0 MICTATBCS Y LEHTpax reKkcaro-
HaJIbHUX TIPH3M, YTBOpeHHX atomaMH Hikemo Ta ®ochopy, 3 10TATKOBIMH aTOMaMH
HaBIPOTH ycix npsMokyTHHX Tpaneit (KU = 18). Atomn Hikemnro MicTaThest B pOMOIYHIX
(Ni1-Ni6) a6o TpuronampHuX mnpm3max (Ni7, Ni8) 3 1omaTKOBHMHU aTOMaMH HAaBIPOTH
OiuHMX rpaHeit mpusM, BimnosiaHo KY cranomats 12 abo 9. Atomu @ochopy LEeHTPYIOTh
TpUTOHANBHI Tpm3Mu 3 aToMmiB MeTaniB (KU = 9), me HalimommpeHina KOOpAWHAILSA
aToMiB P y cTpyKkTypax iHTepMeTaJIiliB epexXiTHUX Ta pilKiCHO3EMeIbHNUX MeTaliB [17—
18].

Ni1, Ni2

g ])’ N|3 Ni4
P3 P4

Ni5, Ni6
P1 P2 A

Puc. 2. Ipoexuis crpykrypu docdiny HfsNiyP 3 Ha miommny ab
Ta KOOPAMHALiIHI MOJiepH aTOMIB.

¢
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MikaromHi Bigmami y cTpykrypi HoBoro ¢ocdiny HfgNiyP,; 3aramom nobpe y3roa-
JKYIOTBCSA 3 CyMaMH aTOMHHUX PaJliyCiB BiJIOBITHHX KOMITOHEHTIB (ryr=0,1564 HM,
rni = 0,1246 mvm, 7p = 0,110 aM [19]). CKOpOYeHHS MIXXaTOMHHX BiITaNIeH IPOCTEKYETHCS
Mmix aromamu Ni3 i P1 (d = 0,218(5) um), Ni4 i P4 (d = 0,209(5) Ta 0,214 (5) um) Ta Ni6
1 P3 (d =0,212(4) am), konmuBaeThest B Mexax Bin 7,1 mo 11 % Big cymu aTOMHUX pafiyciB
KOMIIOHCHTIB Ta MOXE CBIJUUTH TPO TCBHHUHA BHECOK KOBAJCHTHOI B3a€EMOIIT MiXk
atomamu Hikenro it @ocdopy.

Crpykrypuuit Tinn ZrgNiyPi3, 10 SKOr0 HaJEXHUTh KPUCTATIUHA CTPYKTypa HOBOTO
dochimy HfgNiypP;, € TperiMm wmeHOM TOMOJNOTIUHOI cepii ITOCKHX JBOIIAPOBUX
TeKCarOHAIBHUX CTPYKTYp 31 CHIBBIIHOIICHHSIM METaj : METAJOi, IO JOpiBHIOE 2:1
(Bmict docdopy craHOBUTE 33 aT. %). Y CTpyKTypax IpeICTaBHUKIB wi€l cepii MOXKHA
BUJIUIUTH KOMITO3MLIHI ()parMeHTH, YTBOPEHI MOEIHAHHAM TPHUIOHAJIBHUX MPH3M 3
aToMiB R- i M-KOMIIOHEHTIB, IICHTPOBaHUX X-aToMamu, nie R, M, X — 1ie aromu HaiOiIb-
IIOT0, CepeIHbOro 1 HaiiMeHIIoro po3mipy, BigmoBimHOo. Ckian Takux (parMeHTiB
omnucye 3aranbHa GopMyna Ry, 1y2M s 1yui2)2Xum+1y2, 1€ B — Line noaaTHe uucno [17].

VY crpykrypi Tuny ZrgNiy P ; ckian ¢pparmenty MoxkHa 3anucatu sik RzMoXs (n = 3),
JIBA OJHAKOBI OJOKH TaKOro CKJIAIy 3MIlIeHI OAWH BITHOCHO OJHOTO HA IIOJIOBHHY
nepiogy ¢, TOOTO Ha MOJIOBUHY BHUCOTH TpHUTroHajbHOI mpu3mu. Ha puc. 3 300paxeHo
YKJIaJaHHS CTPYKTYpHUX ¢parmentiB y cnoiymi HfgNiyPis, ska xpucramizyerscst y
cTpyktypHomy THmi ZrgNiyP ;. Lle npyruii mpencraBHuk 1ii€i romosoridnoi cepii B
cuctemi Hf-Ni—P.

Puc. 3. Cnoci6 yxiaganHs KOMIO3ULIHHUX GparMeHTiB y ctpykTypi docdiny HfgNiygPs.
ITo3HavyeHHs aTOMIB TaKi Xk, K Ha puc. 2.

BucHoBku

[TpoBenene mociiKeHHS 1ajlo 3MOTY BHSIBUTH icHyBaHHs y cucteMi Hf-Ni—P HOBOTO
tepHapHoro ¢ocoiny rapuito HfgNiyP3, skuil € i30CTpyKTYpHUM OO0 TEpHAPHOTO
dochimy mupkoHito ZrgNiyP;. OTxe, choromHi B cropigHeHux cucremax Zr—Ni—P Ta
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Hf-Ni—P Bimomo Bke micTh map i30CTPYKTYPHHUX TePHAPHHUX (a3, BKIIOYAIOUN TPAHUIHI
cxmagn 1tBepaux po3unHiB ZryNiP ta HfyNiP (CT NbsCoSi). Otpumani pe3yibraTu
3aCBITUYIOTh 3HAYHY KPHUCTANOXIMIYHY CXO0XKICTh TaQHIIO Ta IUPKOHIIO, IO 3yMOBIICHO
OJTHAKOBOIO OyJIOBOIO 30BHIIIHIX €JIEKTPOHHHUX PIBHIB I[UX €JIEMEHTIB, a TAaKOXK IyXkKe
OMM3BPKUMH BEIMIMHAMH iXHIX aTOMHHX pafaiyciB (rys = 0,1564 uM, 7, = 0,1660 5M [19]).

IMopsika

ABTopH BIsAuHI CT. HayK. cmiBpo0. [LIO. [lemueHky (Mik(akyabTeTChka HAYKOBO-
HaBYaJbHA Jaboparopis peHTreHocTpykTypHoro ananizy JIHY imeni [Bana ®panka) 3a
JIOTIOMOT'Y B OTpHMaHHi TU(ppaKTorpam 3pasKis.
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SUMMARY

Olga ZHAK, Mariya DZEVENKO, Olena SHVED
NEW PHOSPHIDE HFNI,oP;; AND IT’S CRYSTAL STRUCTURE

Ivan Franko National University of Lviv,
Kyryla and Mefodia Str., 6, 79005 Lviv, Ukraine
e-mail: olgazhak@yahoo.com

Crystal structure of the new ternary phosphide HfgNiyP;; has been studied by powder X-ray method:
ZreNiyP3 type structure, space group P-6, a = 1.24684(2) nm, ¢ = 0.35935(1) nm, Rr = 0.0318, Rprge = 0.0439.

Starting materials for the synthesis of the samples were powders of hafnium, nickel, and red phosphorus,
all with the purity not less than 99.9 mass %. Mixtures of the constituents in the stoichiometric ratio were
pressed into pellets. The pellets were placed within evacuated fused silica tubes which were slowly heated to
1070 K (100 K per day), kept at this temperature over 240 h, and then cooled to room temperature by shutting
off the furnace. The sintered samples were grounded, pressed again into pellets, and then were annealed within
evacuated fused silica tubes at 1070 K during 1 month, and quenched in cold water without breaking the tubes.
All samples have been studied by X-ray phase and structural analysis using STOE STADI P diffractometer
(Cu K;-radiation). For all calculations the WinCSD and Fullprof software have been used.

Crystal structure of the new ternary phosphide of hafnium and nickel HfsNiyoP;; was found to be isotypic
with the earlier known ternary phosphide of zirconium and nickel ZrgNiy P53 (own type structure) with the fully
ordered distribution of different sorts of the atoms in the crystallographic positions.

Interatomic distances in the structure of the HfgNiyP;; phosphide are nearly the same as the respective
sum of the atomic radii of the components. The shortest distances are observed between atoms of nickel and
phosphorus (dNi3—P1 =0.218(5) nm, dNi4—P4 =0.209(5) nm, dNi6—P3 = 0.212(4) nm). Distances reducing
being observed in these cases are within 7.1-11 % of the sum of the atomic radii values, and can indicate some
contribution of the covalent bonding between Ni and P atoms.

The structure of HfgNiyP; belongs to the family of the flat hexagonal two-net structures with a metal/non-
metal ratio equal or close to 2. The general chemical formula of the homologous series may be written as
Rogi-y M1y 2)Xnne1ye1, where R, M, X — atoms of the largest, middle and smallest size, respectively, and in
general case the compound composition could be described by the formula (R,M),X. Structure of the ZrsNiyP3
type is the third member of this series with n = 3, and the structural unit has the composition R3M;¢Xs. The two
composition units are shifted with respect to each other by !4 of the trigonal prism height along c-direction.
Compound HfgNiyP); is the second member of this homologous series with the earlier studied phosphide
Hf,Ni,P;7 (Zr,Fe,P7-type, n = 2) which were found in the Hf-Ni—P ternary system.

Keywords: crystal structure, transition metal, nickel, hafnium, phosphide.
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