Hayk. gichux Yoiceopoo. yn-my (Cep. Ximis), 2018 Ne 2 (40)

Nauk. visn. UZgorod. univ., Ser. Him., 2042 (40)

-17-

V/IK 548.3

Cipeii B.1., x.x.H., c.H.C.

I[OJ0 BUSHAYEHHSA KOOPJIUHAIIMHOI'O YU CJIA B MOJIEJI
3B’ AI3KOBOI BAJIEHTHOCTI

JIBH3 «¥aiceopoocvkuil Hayionanvrutl yHieepcumem», H/[I ¢izuxu i ximii meepooeo mina,
88000,m. Vorceopoo, syn. ITiocipna, 46; e-mail: vasylsidey@hotmail.com

bazorana na mpuntumnax JI. [Toxiara mmst
OyZOBH 10HHHMX KPHCTANi4HMX CTPyKTyp [1], i
po3sunyTta [.JI. bpayHoM 10 cydacHOro craHy
[2, 3], mooens 36 sa3K060i 8anenmuocmi (M3B; B

aHrJIOMOBHIN mitepatypi — the bond valence

mMode) mpoTsAroM OCTaHHIX JeCATHPIY 3HAWILIA
IIMPOKE 3aCTOCYBAHHS y CTPYKTYpHiil Heopra-
HIYHIA XiMmii Ta MiHepaoTii — SIK HaTiHHMIMA
iHcTpyMeHT (i) METO/OJOTIYHO — HE3aJeKHOT
Bepudikanii Kpuctamiyaux crTpykryp 1 (i)
MPOTHO3YBaHHSA MDKAaTOMHHUX  BiJICTaHEH y
CTPYKTypax 3 BIiJIOMHM XIMIYHUM CKJIAIOM Ta
BijioMor0 (mepeadauyBaHO0) KPUCTAIOXIMIYHOO
TOTIOJIOTI€I0.

36’ azxo6a eanenmuicmo (3B) € KIIOUOBUM
noHATTIM M3B 1 BH3Ha4YaeThCs SK 4YacTHUHA
"KJIAaCHYHOI" BaJCHTHOCTI (B OUNBII CydyacHOMY
TPaKTYBaHHI: KUIbKICTh YU (PAKI[is €ISKTPOHHOT
mapu JIproica), 10 TpHMaZa€ Ha KOXKEH
KOHKPETHHH 3B’ 130K MK IIEHTPAJIBHUM aTOMOM
(iomom) A xoopmuHariiiHoi chepu [AX,] Ta
MIPOTHIICHKHO 3aPSHKCHUM JIITaHI0M X.

lonoBHotO ineeto M3B e crilika HemiHiNi-
Ha Kopensiis (3a1eXKHICTh) MK Beln4nHOKO 3B
1 JTOBXHHOIO XIMIYHOTO 3B SI3Ky. Y CydYacHIiH
KPHUCTANOXIMIUHIN JiTepaTtypi, Ui XiMiYHOTO
3B's3ky A — X 3QJeXKHICTP MK YHCIOBHM
3HadeHHsAM 3B (Sax) [BHpakeHUM y BaJeHTHHX
omuaMIAX (B.0.)] i moBxkuHOIO (Fax) 3a3BHUAit
BUPaKAEThCS eMIipuuHoio (opmyioro (1), me ro
Ta b — eMImipHUYHO BCTaHOBJIEHI KOHCTaHTH ab0
napameTpu 3B, BeMMUYWHW SKUX 3a1eKaTh Bix
npupoau aromiB (ioHiB) A i X (ro Biamosimae
MiKaTOMHIHN BifcTaHi 3 GOpManibHO OAMHAPHUM
3B’ s13k0M; b gacto mpuitmaersest sik 0.37 A). s
KOHKpeTHOI mapu atomiB (ioHiB) A/X, mapamerpu
3B (ro i b) minOuparoTbcsi TakKUM YHHOM, II00
cymu 3B, po3paxoBaHi 3 M>)KaTOMHHX BiJCTaHEH
FAx JUIS HamifHO BHU3HAYCHWUX KOOPIWHAIIMHHUX
chep [AX,], Oynu piBHUME 200 K MaKCHMaJIbHO
ONMM3bKMMH 10 OYIKYBaHMX YHUCIJIOBUX 3HAYCHb
CTyIIEeHIB OKMCHEHHs aToMiB A [4, 5].

© Cigeii B.I.

Sax = explfo—rax)/b] (1)

OpmHak, HE3BAXKAIOUN HA 3arajbHUAN YCIiX
3actocyBaHHs  mapamerpiB  (fo; b= 0.37 A),
omy0OmikoBaHux B pobortax [4, 5], po3poOka
HpOLEeTypH BU3HAYCHHS HAJIMHUX HapaMeTpiB
3B 3iTKHy7ach i3 IBOMa CEpHO3HUMH METOJIO-
norivauMu ipoOnemamu. [lo-nepuie, sk 0yi0
MPOJIEMOHCTPOBAHO aBTOPOM Yy HHU3LI poOIT B
pamkax (abo x i3 3actocyBanusm) M3B [6-25],
BUKOpHUCTaHHS 3adikcoBanoi ("'yHiBepcaabHOI")
semmuman b= 0.37 A ¢ Bunpasnanum mume y
BUIAJKaX, KOJIM KOpessiiHi KpuBi Sax = f(rax)
ICHYIOTh y BIJHOCHO G)3bKUX  HYHCIIOBHX
Jliarma3oHax Sax i [ax; AKIO X BUIIE3TafaHi KpUBI
ICHYIOTh B WUpOKUX YHCIIOBUX MEXaX, HaJiifHa
anpOKCHMAIisl TaKUX KPHBUX 3a JIOIIOMOTOIO
dopmynmu (1) 3a3BHUail BUMAarac 00HOUACHO20
yTOYHEHHs o06ox mapamerpiB 3B (ro; b) [abo
HABiTh aJbTepHATHBHOI 10 piBHsHHA (1) QyHKIiT
sax = f(rax)]. Ilo-opyee, y poboTax, IPUCBIUCHUX
po3paxynkam mapamerpie 3B, He Oymno
BUPOOJICHO €IMHOTO TMiAX0Ay Yy BHU3HAYCHHI
(i3MYHUX  MEK  CWIBHO  31e(hOpMOBaHHUX
KoopauHaniiHux coep [4, 5], a omxe nHUTaHHS
BU3HA4YCHHS KoopauHauiitamx ugucen (KY)
aTOMIB y KPHCTAJIIYHUX CTPYKTYpaxX 3aJIUIIATIOCH
HEBPETYJILOBAHUM.

Illomo HEOOXigHOCTI YTOYHEHHS 000X
napameTpiB 3B 1 i0HHUX TMap 3 MTUPOKHMH
YUCJIOBUMH JTialla30HAMH KOPEIIAIIHHIX KPUBUX
Sax =f(rax), B cydacHiii HayKoBiil JiTeparypi
crioctepiraerbesi Koceneyc [13, 26-29].0anaxk,
Y3TOJKEHOTO PIlICHHS MO0 BU3HAYCHHS MEX
KOOpJAWHALIKHUX cdep 1, BIANOBIIHO, BCTAHOB-
nennss KU ueHtpanpHuX aToMiB Hapasi HE iCHYe
[26-30], i mocmimHuKK m0Ci BUPOOISAIOTH BIACHI
MIIXOMW Y BUPINICHHI BHINE3TafaHuX IMpoOseM,
BUXOJSYH 3 OCOOMCTUX MIpKyBaHb 1 BIOZOOAHB
— sk e Oyno Hanpukiaui 1980x pokiB B nepion
PO3BHUTKY OCHOB cydacHoi M3B [30].
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BigmiTMO, 10 TOJOBHUMH KpUTEPisIMH
BHOOpPY (I3MYHOI MEXI Uil KOOpAMHAITIHHOT
chepu € reomMeTpuuHH (HANpHUKIAL, Haepe
BCTaHOBJICHa (iKCOBaHA BETMYMHA MiIXKaTOMHOI
BifcTani [26]) abo kpuTepiii Ha OCHOBI TIEBHOI
MIiHIMaabHOI KPUTHYHOI BEIHMYHHH Sax (MK,
HaINpuKiIaz, y pooori [27]).

3posymino, mo mapamerpu 3B (ro; b),
BH3HAYCHI 3 BUKOPHUCTAHHSIM OJHOTO IMIXOIY Y
BuOopi KY, He OynyTh MOBHICTIO CyMiCHHMH 3
napaMeTpaMu, BU3HAYCHUMH 3 BHKOPHCTAHHSIM
OJTHOTO 3 aJIbTEPHATHBHUX ITiTXOIB.

Kpim Toro, HeoOmymMaHe BHKOPHUCTAHHS
TEOMETPUYHOTO MigXOLy MOXE MNPU3BECTH A0
CTBOPEHHSI CBOTO poAy "amprepHaTuBHOIT M3B.
Hampukian, BCTaHOBIIGHHS MEXI KOOPIWHAITIN-
Hoi cepu y 6-7 A [26] memunyue npusBoauTh
JI0 BKJIIFOYCHHS 000amKO8UX KaTIOHIB IO cdepu
PO3MIIAYBAHOTO  KaTioOHYy, MO CYNEPEYUTh
ocHoBaM KiacuyHoi M3B [2, 3].

3 orysiAy Ha BHIECKA3aHe, CITijl BIIMITUTH
HEOOXIHICTE TPUAHATTA €ouno2o (B paMKax
kiaacuaaoi M3B) y3ropkeHoro miaxomy IIpu
BU3HAUCHHI (I3MYHUX MEX KOOPAMHALIHHHUX
coep 1 KU nenTpansHux atoMmis.

Ha cworomni, counum CTPyKTypHO-
opieHTOBaHUM (2 He cy0' €KTHBHUM) MiIXOIOM y
BU3HAYCHHI (DI3MYHOI MEXKi KOHKPETHOI KOOp-
MUHAIIHHOT ceprn € 3ampoNOHOBAHE aBTOPOM

BUKOPUCTAaHHS B SIKOCTI MEXI HAUKOpomuioi

BifcTani L Mik IICHTpaJIbHUM  KaTiOHOM
po3risimyBaHoi  KoopawHamiitHOT  chepu i
HAMOMMKIUM  KaTioHOM  (OYAB-IKOTO  COpTY)
PO3IIIsIyBaHOI KpHCTAuHOT CTpyKTypu [13,
24]. Bci xopotmri 3a L MibkaToMHI BincTaHi Mix
IIEHTPAIBHAM KaTiOHOM KOOpAHMHAIIHHOI cdepu
1 aHIOHAMH TIPUIMAIOTBCS SIK JJOBXKHHU XiMIUHUX
36’ A3Ki6, y CBOI0 YEpry, KUIBKICTh XIMI4HHX
3B'S3KIB 32 YYACTIO IIEHTPAJIBHOTO KaTioOHY
Bu3Hauae #oro KY. Pospaxynoxk KY mns
KOHKPETHOTO aHiOHy 0a3yeTbCsi Ha MiApaxyHKY
KUIBKOCTI ~ XIMIYHMX  3B’S3KiB, YTBOPEHHUX
PI3HIMH KaTiOHAMH 3 ITUM aHIOHOM.

Binpmr Hixk 109piuHa ycmimHa anpoOdamis
BUII[COINHMCAHOTO MiIX0My B poOoTax aBTopa [6-
25] mosBomsie peKOMEHIyBaTH ILEed MiaXin sK
yVHiBepcaTpbHUH B paMkKax kiacwaHoi M3B.
3amponoHOBaHU aBTOPOM MiAXiA MoXe OyTH
JIETKO aJanToOBaHMN I BUKOPUCTAaHHI B
KOMIT' JOTEpHUX IpOrpamMax aBTOMaTH30BaHOI'O
BU3HAUEHHS HaAiiHUX mapamertpiB 3B, a Takox
y TporpaMax KpHUCTaJOXIMIYHOTO aHalizy M
rpadikm.

CrnHCcOK BUKOPHMCTAHUX JKepeJt

1. Pauling L. The Nature of the Chemical Bond.
Ithaca:Cornell University Pressl960. P. 644.

2. Brown I.D. The Chemical Bond in Inorganic
Chemistry: The Bond Valence Model. New York:
Oxford University Pres2002. P. 288.

3. Brown |.D. Recent developments in the methods
and applications of the bond valence modgiem.
Rev.2009, 109(12), 6858-6919.

4. Brown |.D., Altermatt D. Bond-valence parameters
obtained from a systematic analysis of the Inorgani
Crystal Structure DatabaséActa Crystallogr.1985,
B41(4), 244-247.

5. Brese N.E., O'Keeffe M. Bond-valence parameters
for solids.Acta Crystallogr.1991, B47(2), 192-197.

6. Sidey V. Accurate bond-valence parameters fer th
Bi®*/Br- ion pair. Acta Crystallogr. 2006, B62(5),
949-951.

7. Holovey V.M., Sidey V.l.,, Lyamayev V.., Puga
P.P. Influence of reducing annealing on the
luminescent properties of 1B,07:Cu single crystals.

J. Luminescenc&007, 126(2), 408-412.

8. Holovey V.M., Sidey V.l.,, Lyamayev V.l., Birov
M.M. Influence of different annealing conditions on
the luminescent properties of ;:BkO7Mn single
crystals.J. Phys. Chem. Solid2007, 68(7), 1305—
1310.

9. Sidey V.I., Milyan P.M., Semrad O.O., Solomon
A.M. X-ray powder diffraction studies and bond-
valence analysis of H§bO;. J. Alloys Compd2008,
457(1-2), 480-484.

10. Sidey V. On the correlations between the
polyhedron eccentricity parameters and the bond-
valence sums for the cations with one lone electron
pair. Acta Crystallogr.2008, B64(4), 515-518.

11. Sidey V. Alternative presentation of the Brown—
Wu bond-valence parameters for sogRiecation/G-

ion pairs.Acta Crystallogr.2009, B65(1), 99-101.

12. Sidey V. On the correlations between the
polyhedron eccentricity parameters and the bond-
valence sums for the cations with one lone electron
pair. Addendum.Acta Crystallogr. 2009, B65(3),
401-402.

13. Sidey V. On the accurate
parameters for the 8WO>* ion
Crystallogr.2010, B66(3), 307-314.
14. Sidey V.l.,, Zubaka O.V., Stercho I.P., Peresh
E.Yu. X-ray Rietveld structure refinement and bond-
valence analysis of €Bels. Chem. Met. Alloys2010,

3, 108-114.

15. Sidey V. A simplified empirical model for
approximation of the 'bond valence — bond length'
correlation for H-O bondsActa Crystallogr.2011,
B67(3), 263-265.

16. Sidey V. Exact solution of the bond-valence sum
rule for a set of coordination sheliscta Crystallogr.
2012, B68(3), 318-320.

bond-valence
pair. Acta



Hayk. gichux Yoiceopoo. yn-my (Cep. Ximis), 2018 Ne 2 (40) Nauk. visn. Uzgorod. univ., Ser. Him., 2028 (40)
19-

17. Sidey V. On the shortest"'B- O bonds.Acta  24.SideyV. On the effective ionic radii for
Crystallogr.2013, B69(1), 86—89. ammonium. Acta Crystallogr. 2016, B72(4), 626—
18. Sergeeva A., Sidey V. X-ray Rietveld structure 633.

refinement and bond-valence analysis of 25. Sidey V., Shteyfan A. Revised bond valence
chromium(lll) orthoborate CrB® Chem. Met. parameters for the*#S2 ion pair.J. Phys. Chem.
Alloys.2013, 6, 1-6. Solids.2017, 103, 73-75.

19. Sidey V. Bond valence analysis of the cubic26. Adams S. Relationship between bond valence and
perovskite SnTa@ confirmation of its existence. bond softness of alkali halides and chalcogenides.
Chem. Met. Alloy2013, 6, 109-112. Acta Crystallogr.2001, B57(3), 278-287.

20. Sidey V. Bond valence parameters for*Wha O 27. Chen H., Adams S. Bond softness sensitive bond-
(5 <m< 7) bonds.Z. Kristallogr. 2013, 228(11), valence parameters for crystal structure plaugbili
570-575. tests.|UCrJ. 2017, 4(5), 614—-625.

21. Sidey V. Universal 'bond valenogersusbond  28. Gagné O.C., Hawthorne F.C. Comprehensive
length’ correlation curve for manganese—oxygenderivation of bond-valence parameters for ion pairs
bonds.Acta Crystallogr.2014, B70(3), 608-611. involving oxygen.Acta Crystallogr.2015, B71(5),

22. Sidey V. An alternative empirical model for the 562-578.

relationship between the bond valence and the29. Brown I.D. What is the best way to determine
thermal expansion rate of chemical bondscta  bond-valence parameter$@CrJ. 2017, 4(5), 514—

Crystallogr.2015, B71(4), 484-487. 515.
23. Sidey V. The extended variant of the bond30.BrownI|.D. What Factors Determine Cation
valence — bond length correlation curve for Coordination Numbers?Acta Crystallogr. 1988,

boron(lll)-oxygen bonds.Z. Kristallogr. 2015, B44(6), 545-553.
230(7), 495-498.

CratTs Hagiia no peaakmii; 23.11.2018.

ON THE DEFINITION OF THE COORDINATION NUMBER IN THE BOND
VALENCE MODEL

Sidey V.I.

The bond valence model (BVM) in its modern fornwiglely used in mineralogy and structural
inorganic chemistry as a powerful yet convenierdl tor validating crystal structures and for
predicting interatomic distances in the crystaludinres of known chemical composition and
presupposed bond network. Bond valence (BM)is defined as the part of the classical atomic
valence shared with eaé-X cation-anion bond in a giveX,] coordination sphere. The valence of
a bond (measured in valence units, v.u.) is const® be a unique function of the bond length; and
the most commonly adopted empirical expressiortferrelationship between the bond valenggs
and the bond lengthsx is the equatiorsax = exp[fo —rax)/b], wherero andb are the empirically
determined constants (BV parameters) for a gAlion (atom) pair.

The BV parameterg andb are typically derived by fitting the abogex = f(rax) equation to a
representative set of well determined coordinasipineres under the constraint that the sums afithe
values calculated for the central atoms of the idened coordination shells are equal or as close as
possible to the oxidation state (atomic valencepeeted for these atoms. The BV parameters
determined in this way can readily be used fordadihg newly determined crystal structuvés bond
valence summation and for predicting bond lengtdsfortunately, the physical limit of the
coordination sphere has presently no the univgrsadbpted definition; so, in calculating the BV
parameters, researchers set the limit(s) from fiisonal opinions and preferences. As a restheof
absence of the adopted definition for the limittkeé coordination sphere, the BV parametesshj
determined for the same ion pair in different wacksld be incompatible with each other.

The main goal of this work is to present the rigr@nd structure-oriented definition for the
limit of the coordination sphere, successfully usgdthe author over the last decade: the shortest
distance from the central cation to another caitioa given crystal structure is taken as the playsic
limit of the coordination sphere under consideratio

Keywords: crystal structures; coordination sphere; bonémwed model.



