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[IpoTsiroM OCTaHHIX YOTHUPHOX ACCATUPIY
eMITIpUIHA MoOenb 36 A3K0BOI  BANEHMHOCHL
[M3B; B aumriomoBHi#i mireparypi — the bond
valence model(BVM)], BuBenena 3 06a30BUX
MPUHITUIIB  OYJOBHM 10HHHX  KPHUCTATIYHUX
crpykryp JI. ITominra [1] i po3BuHyTa 10 CBOTO
cyuacHoro ctany [.JI. bpayHom Ta HH3KOIO
iHmMX focnigaHukiB [2, 3], HaOyna 3araibHOTO
BU3HaHHA cepen (axiBIiB y raiay3i (i3HKd
TBEPJOTO Tijia, CTPYKTYPHOI HEOpTaHIIHOI XiMmii,
KpHCTaNOXiMii Ta MiHepayorii — K HpPOCTHH 1
HaMiHHNA iHCTpyMEHT it (d) METOHOJIOTiYHO
He3aaekHol Bepu@ikamii CTPYKTYPHUX MoZeei
i (6) mporHo3yBaHHS Mi>KaTOMHHX BiJCTaHEH y
CTPYKTypax 3 BiJOMHUM XiMIYHUM CKJIaJOM Ta
BimoMoro (mepen0auyBaHO0) KPUCTAIOXIMIYHOIO
TOTIOJIOTIEIO.

VY pamkax M3B, 36'sa3x06a eanenmuicmo
(3B) BH3HAUYAECTHCH SK YaCTHHA KJIACHYHOI"
BAJIEHTHOCTI (B GBI Cy4aCHOMY TPaKTyBaHHi:
KinbKicTh/pakuis enexTpoHHOI mapu Jlpkoica),
0 BHUTPAYAETHCS HA (OPMYBAHHSA KOKHOTO
KOHKPETHOTO 3B’ SI3KY MIX IIEHTPAJTLHUM aTOMOM
(iomom) A xoopmuHamiiiHoi chepu [AX,] Ta
HPOTHIICIKHO 3apsHKCHUM JIiTaHaoM X.

IIpaktrune 3actocyBanus M3B 6a3yeTbes
Ha CTIMKiiH oOepHeHid HeNmiHiiHIA 3a]eKHOCTI
(xopernsii) Mk BenumuuHOW 3B 1 JTOBKUHOMO
XIMIYHOTO 3B’s3Ky. Y Cy4JacHid HayKoBiit
KPUCTAJOXIMIUHIN JHiTepaTypi, KOPEJAIisS MiX
YHUCIOBUM 3HaueHHsSM 3B (Sax) [BHpaxeHUM y
BaJIEHTHUX OMUHHUILIX (B.0.)] i momxkmHOIO (dax)
XIMITHOTO 3B’ 513Ky A — X 3a3BUYail OMUCYETHCS
emmipudHoo ¢opmynoro (1), me ro ta b —
EMITIPUYHO BCTAHOBICHI UIi KOHKPETHOI Mapu
ioniB A/X xoncrantu (abo mapamerpu 3B),
BCJIMUMHN SIKMX 3aJIeKaTh JIMIIE Bifl MPUPOIH
aromiB (ioHiB) A i X (ro BiINOBiga€e Mi>kaTOMHi
BificTaHi 3 (GOpPMaNbHO OOuHAPHUM 3B SI3KOM).
s oxkpemo B3saToi mapu ioHiB A/X, Habip
YHCIIOBHX 3HaueHb (No; D) onTuMizyeTbes Takum
qrHOM, 00 8ci cymu 3B (Z,Sax), po3paxoBaHi 3
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MI>KaTOMHHUX BificTaHel Oax y BHOIpI HamiidHO
BU3HAYCHHUX 1 CTIMKHUX KOOpAMHAIIHHHX chep
[AX), Oymu piBEHEMH ab0 X MaKCHMAJbHO
OJMU3BKUMH JI0 MOAYJIS OUYiKYBAHOTO YHCIIOBOTO
3HAYEHHS CTYIIEHS OKUCHEHHS (BAlEHTHOCTI V)
atomiB A [4-9]. AIpoKCHMOBaHI TaKUM YHHOM
eMITIPUYHI KOpeJALiiHI 3aimexkHOCTi Sax = f(dax)
YCIIIIHO 3aCTOCOBYIOTbCS Asi Bepupikamii 1
MIPOTHO3YBaHHS CTPYKTYp B pamkax M3B.

_ o~ dAX
Spe = eXp| 0 A (1)
Pazom 3 TmM, mpobnema  BIUIMBY

(momupeHHst) eKCIepUMEHTAIBHOI MOXUOKH Y
BCTAHOBJIEHUX MIKATOMHHX BIICTaHSIX Oax Ha
PO3paxoBaHi BEJIMYUHHU Sax M0 MOYATKY ILHOTO
JIOCTI/DKEHHST  3aliulliajach 11032 HAJICKHOIO
yBaro  JOCHIAHWKIB.  Po3B’sBaHHS  mi€d,
MpoOJIeMH JTOTIOMOTJIO O HaAifHO BU3HAYATH
MeX1 MOXHOKH, B SKUX BimxwmieHHS cyM 3B Bifg
OYIKyBaHUX BEIIMYMH MOXKHa Oyno O BBakaTH
CTATUCTUYHO HE3HAYYIIUMH. 3 OINILy Ha
BUIIIECKA3aHE, TOJIOBHOIO METOI0 IIi€l poboTH
craja  po3poOKka  MaTeMaTH4HOI  MOJemi
MOMIMPEHHS MOXUOKHA Y MDKaTOMHHUX BIJICTaHSIX
Ha BeauunHU 3B.

3 KypciB MaTeMaTHYHOTO aHaJi3y BiJIOMO,
mo mis GyHKml 3 oxmiero 3MinHOIO Y = f(X)
3MiHa (moxmOka) Ay, CIpUYMHEHAa HEBEIHKOIO
3MiHOIO (MOXHOKOI0) AX, 10Ope anpoOKCUMYEThCS
dopmynoro (2), ne f'(X) — noxiona pysxii f(X)
(muB., manpuxmaz, [10, 11]).

Ay =/ () IDX )

OcCKiTbKH a0COIOTHA EKCIIEpUMEHTATbHA
MoxuOKa BU3HAYCHHS MIXKAaTOMHHX BiJICTAaHEeH B
Cy4acHUX KpHUCTaJorpagiyHux JOCHiIKECHHAX
ckmagae ~0.01 A (uo y BimHocHoMmy BurmIsIIi
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3a3Buyail He mnepepuirye 1%), 3acTocyBaHHS
HaOMKeHHS (2) 10 KPUCTAIOXIMIYHHMX TIpoOIeM
(3okpema, 10 M3B) € nIpuiHATHIM.

3acTtocyBaBuM JudepeHIioBaHHs (3rigHO
3 Bimommmu npasmiamu [10, 11]) mo ¢ymHkmii
Sax = f(dax) (1), omepxyemo piBustans (3), ske [i3
BpaxyBaHHsM (1)] MoxxHa nami crpocTUTH 10
piBusiHHS (4).

ex o — Oax
b
‘ASAX‘ =~ b mdAX‘ (3)
d
DS = T (@)
HapemTi, 3acTtocyBaBIIM  eIeMEHTapHi

apuMeTHYHI TIEPETBOPEHHS 10 piBHSIHHA (4),
OJICP’KY€EMO TIPOCTE OcTaTouHe piBHAHHA (5) s
3aNIeKHOCTI 6iOHOCHOI noxubxku BennmunHu 3B
(IAsaxi/Isax|) Bim moxnbku y Bu3HAuUEHHI BifcTaHi
[Adax-

Asyy | | Ad 5)
Sax b

TakuMm 4YWMHOM, BITHOCHA TIOXHOKAa Yy
BeNMUMHI 3B ampokcHUMyeThCsl SIK BiJHOLICHHS
abCOIOTHOI MOXMOKH BHU3HAYEHHS MIXKaTOMHOI
Bigctani [Adax| mo mapamerpy b. [lns TumoBoi
Bemmunan  Aday] = 0.01 A, rpadix 3anexmocti
(IAsax|/Isax|) Bim mapametpy b (sxmii BapitoeThes
B Mexkax 0.2:0.7 A [2, 3])306paskeno na puc. 1.

Cepist TeCTOBUX PO3paxyHKiB OYiKyBaHO
MiATBEpAWIA ONM3BKICTh alpOKCHMOBAHHX 3a
tdopmynoro (5) i peaabHUX BEIWYMH BiTHOCHHX
noxu6ok 3B: mus posrisayBaHux Mex b 1 mms
|Aday] = 0.01 A, Habmwxkeni # milicHi BenMuMHK
BiJIHOCHHX TOXHOOK 3B BUsIBWINCH piBHUMH (B
MEKaxX MOXHOKHM OKPYTJIEHHS), sIK MiHIMyM, JI0
COTHUX JOJIEH.

Ananiz dopmyn (4) i (5) no3Bousie
3pOOUTH JBa BAXKJIMBI B METOJOJIOTIYHOMY CEHCI
BHUCHOBKU.

Ilo-nepuie, BiTHOCHI TOXHOKH BEINYHH
3B (10610 |ASax|/|Sax]), TOB’ sI3aHi 3 KOHKPETHOIO
€KCIIEPUMEHTATEHOIO TIOXHOKOI0 |[Adax|, MOXYTE
3HAYHO BIJPI3HATUCH [UIA Hap 10HIB 13 CYTTEBO

pizHuMu napametpamu b. Tax, st mapu i0HIB 3
b=0.2 A moxubka |Adax| = 0.01 A npussonuts
mo BigHocHOi moxubku 3B y ~5% (ro6To
IASax|/Isax] = 0.05), Toxi ax ans mapu 3 b= 0.7 A
taka K noxuOka |Adax| mae BiTHOCHY MOXHOKY
3B y ~1.4%.OnHak, monpy BiAIyTHY Pi3HHUITIO
BenMuMH |ASax|/|Sax|, B 060x 3raganux npukiagax
Il BETWIUHH CITIJ{ PO3TJISAATH SK HMPUHHITHI ¢
HECYTTEBI.

[Bsaxl/Isaxl
0.05 L AXIT1PAX
0.04 -
0.03 -
0.02 -
0.01 1 N 1 N 1 N 1 N 1 N 1
0.2 0.3 0.4 0.5 0.6 0.7
b (A)

Puc. 1.Tpadix 3anexHoCTi BiTHOCHOT TOXHOKH
sennunan 3B (JAsax|/Isax|) Bix napamerpy b mis
noxubku MikaTomHoi Bincrani JAday] = 0.01 A.

Ilo-0pyee, npu po3paxyHKax y pamKax
M3B, s map i0HIB, IO XapaKTePU3YIOTHCS
MEHILIVMHU 3HAYEeHHAIMH D, MIKaTOMHI BifcTaHi
ciig Opatu 3 nidsuweroro MPENHU3IHHICTIO, TI0
MOJKJIMBOCTI YHHUKAIOUM HAKOMWYEHHS MMOXHUOKHU
OKpyTJeHHS. SIKmo po3risiayBaHi MiKaTOMHI
BifcTaHi Oax pisni, TO TOXUOKU OKPYTJICHHS, B
NPUHIMI, MOXYTh KOMIICHCYBAaTH OJ{HA OJHY,
HE BHOCSYM CYTTEBOI MOXWOKH B cymy 3B.
OpHak, oS npasuibHux KOOPAHHALIHHUX chep
[AX] 3 oomakosumu Bigcramsmu day, He-
BUTIpaBJaHE OKPYTJICHHS MOXKE MPU3BECTH 0
CHUCTEMaTUYHOI NOXUOKH y BU3HaUeHHI cyMm 3B.

3arajoM, BpaxOBYIHOUH €(EKTHBHICTH Ta
npocroty dopmyn (4) i (5), ui hopMynn MOKYTh
OyTH PEeKOMEHJIOBaHi 10 BHUKOpUCTaHHS B M3B
SK HaIIHUI 1HIUKATOp BIUIMBY MOXHOKH (4n
HEBM3HAYEHOCTI) MIDKATOMHHX BiICTaHed Ha
BenmauHN 3B 1 cym 3B. Skmo Bigxunenus 3B i
cym 3B nexarh y Mexkax, IO BiANOBIalOTh
eKCIepUMeHTaNbHIN 1oxuomi  |Aday|, TO i
BIIXMJICHHSI MOXXHa BBa)XKaTH HE3HAUYYIIMMHU. Y
IHIIAX BHUIAQJIKAX BIIXMICHHS 3raJlaHAX BETUYNH
CTiI BBaXATH 3HAYYNUMH ¥ TaKWUMH, IO
MOTPEOYIOTh MOSCHEHHS YU OOTPYHTYBaHHS.



Hayk. gicnux Yowczcopoo. yu-my (Cep. Ximis), 2019,Ne 2 (42) Sci. Bull. Uzhh. Univ. Ser. Chem., 20%2 (42)
-14-

CHHCOK BUKOPHCTAHMX JKepes analysis of HgSkO;. J. Alloys Compd2008, 457(1-2),
480-484. Doi: 10.1016/j.jallcom.2007.03.011.

1. Pauling L. The Nature of the Chemical Bond. 7. Sidey V. On the accurate bond-valence parameters
Ithaca: Cornell University Press, 1960. P. 644. for the SB'/0O* ion pair. Acta Crystallogr. 2010,
2. Brown I.D. The Chemical Bond in Inorganic B66(3), 307—-314. Doi: 10.1107/s010876811000892x.
Chemistry: The Bond Valence Mod@®lew York: 8. Sidey V., Shteyfan A. Revised bond valence para-
Oxford University Press, 2002. P. 288. meters for the B/S? ion pair.J. Phys. Chem. Solids.
3. Brown I.D. Recent developments in the methods an2017, 103, 73-75. Doi: 10.1016/j.jpcs.2016.12.004.
applications of the bond valence modghem. Rev2009, 9. Gagné O.C., Hawthorne F.C.  Comprehensive
109(12), 6858—6919. Doi: 10.1021/cr900053k. derivation of bond-valence parameters for ion pairs
4. Brown I.D., Altermatt D. Bond-valence parametersinvolving oxygen.Acta Crystallogr.2015, B71(5),
obtained from a systematic analysis of the Inomani 562-578. Doi: 10.1107/s2052520615016297.
Crystal Structure Databasédcta Crystallogr. 1985,  10. Piskunov N.Differential and Integral Calculus.
B41(4), 244-247. Doi: 10.1107/s0108768185002063. Moscow: Mir Publishers, 1969. P. 895.
5. Brese N.E., O'Keeffe M. Bond-valence parametersii, Larson R.Calculus: An Applied Approaciisth
for solids.Acta Crystallogr.1991, B47(2), 192-197. ed.). Belmont (CA, USA): Cengage Learning, 2009.
Doi: 10.1107/s0108768190011041. P. 928.
6. Sidey V.I., Milyan P.M., Semrad O.0O., SolomoiMA.
X-ray powder diffraction studies and bond-valence

Crarrs Hagidinma no pepakmii: 12.10.2019.

ON THE PROPAGATION OF THE INTERATOMIC DISTANCE ERRO R IN THE
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In the last four decades, the bond valence modéMB[derived from the Pauling rules for
ionic crystals and developed to its modern form.By Brown and by several other researchers] has
found wide use in solid state physics, structuratganic chemistry, crystal chemistry and minerglog
— as a convenient and reliable tool (i) for indegently validating the structural models of interasd
(i) for predicting the bond lengths in the struetsi of known chemical composition and presupposed
bond-network topology. Within the BVM framework etlhond valence (BV3ax is defined as the part
of the "classical" atomic valence shared with ed@ehX cation-anion bond in a givenAX|]
coordination sphere. The valence of a begdmeasured in valence units, v.u.) is considerduketa
unique nonlinear function of the bond lengix. The most commonly adopted empirical expression
for thedax — Sax relationship is the equatiaay = exp[(o —dax)/b], wherer, andb (BV parameters) are
the empirically determined constants for a sped¥iX ion (atom) pair. However, analysis of the
literature on the BVM has revealed the fact thatglopagation of thé&dl.| error (uncertainty) on the
Sax value(s) has not been properly and rigorouslyistlydso the main goal of the present work was to
develop a calculation scheme for estimatinglay| error (uncertainty) propagation in the BVM.

Using the well established calculus-based apprdactestimating the error propagation, the
following formula has been derived for the relateeor Asay|/lSax| introduced by the smal\dlax|
error: Asax|/lSax] = JAdax|/o|. This formula indicates the critical dependentglAsay|/[sax] on the
particularb value relevant to a specifié/X ion (atom) pair. Given the range of 87 A for the
observedo values, the relative errakday/lsax] corresponding to the typical experimental,)| error
of 0.01 A is expected to vary from 0.05 to 0.014nke, any conclusion about the significance of the
observed discrepancy between the calculated andcwgs, values can be made only after
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evaluating theNsax|/lsax| Value corresponding to a giverparameter and to the errdidjy = 0.01 A.

Additionally, dealing with the ion pairs characgen by relatively smalb parameters, a higher

precision of thal,x values is required in order to avoid introducifigerious round-off errors.
Keywords: crystal structures; bond valence model; errotyaig
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