;. Journal of
the Serbian
O TIN Chemical Society
%%a 00071~ m},\e@‘@z& JSCS@tmf.bg.ac.rs « www.shd.org.rs/JSCS
J. Serb. Chem. Soc. 89 (3) S139-S142 (2024)

Supplementary material

SUPPLEMENTARY MATERIAL TO
Search for new apatite-like phases for lead utilization based on
crystal structure and thermal expansion

EVGENY N. BULANOV*, ANASTASYYA A. VASILEVA, OXANA N. GOLITSYNA,
ALYONA G. SHVAREVA and ALEXANDER V. KNYAZEV

Lobachevsky University, 23 Gagarin ave, Nizhny Novgorod 603022, Russia
J. Serb. Chem. Soc. 89 (3) (2024) 415-428

* Corresponding author. E-mail: bulanoven@chem.unn.com

S139

Available online at: http://www.shd.org.rs/JSCS

(CC) 2024 Serbian Chemical Society.



S 140 BULANOV et al.

TABLE S-1. X-ray fluorescence analysis data for synthesized compounds.

Compound PbO / wt% Si02 / wt% GeO2 / wt% P20s / wt% SOs / wt% CrOs / wt%
found calc found <calc found calc found calc found calc found calc
Pbs(SiO4)(PO4), 84.68 84.67 4.54 456 10.78 10.77
Pbs(GeO4)(PO4),  81.92 8191 766  7.68 1042 10.42
Pbs(GeO4)2(SOs)  79.42  79.41 14.82  14.89 576 5.70
Pbs(Ge04)2(CrO4)  78.3 78.3 147 14.68 7.00 7.02

Standard uncertainties u are u(wt) = 0.02%.
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TABLE S-II. Assignment of lines in IR spectra of mixed-tetrahedral apatites under study
Assignment Pbs(SiOy)(PO4), Pbs(GeO)(PO4), Pbs(GeOy),(SO4) Pbs(GeOy),(CrOy)

v (Si0y)

§ (Si0,)
724 m
v (GeOy) 703 m 708 sh 699 sh
8 (GeO,) 416 m 411 m 412 m
1097 sh 1104 w
1056 sh 1061 sh
1021 s 1015 s
970 s 964 s
v (PO,) 932 sh 932 sh
888 sh
870 sh 870 m
852's
832 sh 827 sh
572 570 s
8 (POy) 550 m 549 m
538 m 538 m
v (SO4)
§ (SOy)

1126 m
1100 sh
1085 sh
1030 w
622 w
527 sh

s — strong, m — medium, w — weak, sh - shoulder
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TABLE S-III. Temperature dependencies of linear thermal expansion coefficients for “classical” apatites (column 1-5), mixed-tetrahedral
apatites (column 6-9), solid solutions in (Ca,Pb;_,)5(PO4);Cl (column 10-12) and (CayPb;_4)4Biy(PO4)sO (column 13-15) systems

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
T(K) PbPF PbPClI PbPI PbVF PbVCl PbSiP2 PbGeP2 PbGe2S PbGe2Cr Ca3.5Pbl.5 Ca2.5Pb2.5 Cal.25Pb3.75 Ca6Pb2Bi2 Ca4Pb4Bi2 Ca2Pb6Bi2
0, (K1)-106
298 9.7 135 -1.0 153 122 152 143 164 173 13.0 6.4 11.7 11.0 12.5 12.5
373 109 138 1.6 153 125 156 147 171 178 13.6 9.6 12.2 11.6 13.1 13.1
473 125 142 50 154 130 162 153 180 184 14.5 13.9 12.8 12.3 13.8 13.9
573 140 146 85 154 134 167 158 189  19.0 15.5 18.2 13.4 13.0 14.6 14.6
673 156 150 119 155 139 173 163 198 196 16.4 224 14.0 13.8 15.3 15.4
773 171 154 153 155 143 178 168 207  20.1 17.2 26.6 14.7 14.5 16.1 16.1
873 18.7 158 187 156 148 183 173 21,6  20.7 18.1 30.8 15.3 15.2 16.8 16.9
o, (K1)-10°
298 105 120 3.1 99 221 160 151 163 195 9.7 33 112 10.1 9.6 13.0
373 130 139 64 118 230 174 164 178 207 11.0 8.8 12.7 11.4 11.7 14.5
473 163 165 109 144 242 192 181 198 224 12.8 16.0 14.7 13.3 14.6 16.5
573 195 19.0 154 169 253 210 198 219 240 14.6 232 16.7 15.1 17.4 18.5
673 22.8 215 198 195 265 228 215 239 256 16.3 30.4 18.7 16.9 20.2 20.4
773 260 24.0 242 22.0 27.6 246 232 259 272 18.1 375 20.7 18.7 23.0 22.4
873 292 26.5 28.6 245 288 263 249 279 288 19.8 445 22.7 20.5 25.8 243

Standard uncertainties u are u(wt) = 0.02%.
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