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CRYSTAL CHEMISTRY OF SYNTHETIC
PYROMORPHITE-MIMETITE SOLID SOLUTIONS

Pyromorphite Pbs[PO,];Cl, mimetite Pbs[ AsO4];Cl, and their solid solutions were synthesized
from aqueous solutions. These minerals form a ternary system within apatite group of P6;/m symme-
try (hexagonal bipyramid). Natural pyromorphite usually contains several percent of As. Also, natu-
ral mimetite often contains PO, substitutions. The objective of this study was determination of regu-

larities in crystalline lattice parameters changes with anionic substitution of AsO;3 and PO;3 . The

products were characterized using X-ray diffraction and scanning electron microscopy with micro-
analysis. The synthesis resulted in fine white precipitate. X-ray diffraction indicated crystalline
character of the precipitate. Lattice parameters for end-members are in accordance with ICDD
standards and equal for pyromorphite a = 10,009 A and c= 7,338 A and for mimetite a = 10,247 A
and ¢ = 7,448 A. Both lattice parameters increase proportionally to the increase of As substitution
in pyromorphite in conformation with Vegard’s law.

IMupomopdut Pbs[PO,4];Cl, mumeresur Pbs[AsO4];Cl u ux TBepaple pacTBOpbI ObUIN TTOITY-
YeHBl U3 BOJIHBIX PACTBOPOB. DTH MUHEPAJbl 00Pa3ylOT TPOUYHYIO CHCTEMY B IIpejesiax IPYIIbI
anatutoB cummerpun P6s3/m (rexcaronanbHas ounupamuzaa). [IpupomHelii mupoMoppUT 00BIYHO
COJIEP’KUT HECKOJIBKO MPOLIEHTOB MbIIIbsIKA. [IpUpOAHBINA MUMETE3UT YacTO COAEPKHUT METacoMa-
to3bl PO,4. 3amauell HaCTOAIIETO MCCIIENOBAHUSA SBILUIOCH ONpENeNIeHNe 3aKOHOMEPHOCTEH B U3-

MEHEHUSX MapaMeTPoB KPUCTATIIMUECKOH PEIETKU NpH aHHOHHOM 3amentennn AsO,” u PO’ .

[MponykThl peakuuu ObUTH M3y4€HBI C HCIOJIL30BAHUEM METOIOB PEHTTEHOBCKOH AU(PPaKIUKA U
pPacTpoBOM NEKTPOHHON MHMKPOCKOIHMM C MHKpOAaHAIM30M. B pe3ynpTaTre cuHTE3a BBIIETNIACH
MenkoaucnepcHas ¢asza Oenmoro mBera. PeHTreHOBCKMIT aHANM3 MOATBEPAWI KPHCTAIUTMYECKYIO
CTPYKTYpy ocanka. [lapaMeTpbl KpHCTaJIMYECKOH PEIIETKH KOHEYHBIX YJICHOB COOTBETCTBYET
cranmaptam ICDD, mns mapomopdura a = 10,009 A u ¢ = 7,338 A, n1a Mumeresuta a = 10,247 A
u c=7448 A. TlapameTpsl 00eHX KpUCTAITMUECKHX PEIIETOK BO3PACTAIOT MPOTOPIHMOHATLHO

YBCIIMYCHUIO METAaCOMATO3a MbILIbJIKA B HI/IpOMOp(l)I/ITe B COOTBCTCTBUU C ITPABUIIOM Berapz[a.

INTRODUCTION

Pyromorphite Pbs[PO,];Cl and mimetite
Pbs[AsO4];Cl form continuous solid solutions
[1, 3, 4, 6, 7]. These minerals form a ternary
system with vanadynite Pbs[VO4];Cl within
apatite group of P6s;/m symmetry (hexagonal
bipyramid) and tend to crystallize as hexagonal
rods elongated along c axis, often terminated
with bipyramid. Natural pyromorphite usually
contains several percent of As. Also, natural
mimetite often contains PO, substitutions. The
objective of this study was determination of
regularities in crystalline lattice parameters

changes with anionic substitution of AsO;’ and
PO, in pyromorphite Pbs[PO,];Cl, mimetite
Pbs[AsO4]5Cl, and their solid solutions, that were
synthesized from aqueous solutions (see [5]).
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MATERIALS AND METHODS

Synthesis of pyromorphite, mimetite and
their solid solutions was accomplished with
NazHASO4'7H20, KQHPO4, Pb(NO3)2, and KCl
dissolved in 500 cm® redistilled water in separate
beakers. With use of peristaltic pump, solutions
were gradually mixed into large 5dm’ beaker
filled with 1.5 dm® of continuously stirred redis-
tilled water at 20 °C. After the solutions were ex-
hausted, suspension was left still aging for two
weeks, decanted, filtered, washed with redistilled
water until no CI" was detected and washed two
times with acetone. To synthesize solid solutions
of the amount of P and As was varied in subse-
quent experiments, while the molar proportions
of Pb:(P + As):Cl were kept constant at 5:3:1.
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Fig.1c. SEM microphotograph of synthetic
Pbs[(Pg3A80.7)O4]5Cl

The dissolution experiments were carried out at
20+1 °C and constant pH value ~2.5.

Powder XRD patterns of synthetic pyro-
morphite, mimetite and their solid solutions
were obtained by Philips PW 3020 X’Pert-APD
Diffractometer system (with Cu anode and
graphite monochromator) using a step scan
mode at a step size of 0.02° 20 and a rate of 1s
per step, with quartz (samples from P10AsO to
P5As5) and silicon powder (samples from
P4As6 to POAs10) as internal standard. Unit
cell parameters were calculated using
DHN/PDS (DHN Powder Diffraction System)
software package and refined by least squares
method. SEM was performed with JEOL 5200
microscope on gold-coated samples.

RESULTS AND DISCUSSION

The precipitates were homogeneous in size
and comprised euhedral hexagonal crystals 1-5
um in size as-measured on SEM microphoto-

graphs (Fig.1).

Fig.1b. SEM microphotograph of synthetic

Pbs[(Po7As03)O04]3Cl

Fig.1d. SEM microphotograph of synthetic Pbs[AsO,4];Cl

During the synthesis it was expected that
when a given composition fell outside the solid
solution field, two or three components would
crystallize and show clearly in the x-ray dif-
fraction records. None of the 11 compounds,
however, yielded any sign of the presence of
more then one component. The synthesis re-
sulted in fine white precipitate. X-ray diffrac-
tion results indicated crystalline character of the
precipitate. Pyromorphite, mimetite, and their
solid solutions were the only identified phases.

Lattice parameters for end-members are in
accordance with ICDD standards and equal for
pyromorphite a=9.995 A and ¢ =7.331 A, and
for mimetite a=10.251 A and c=7.445A.
Both lattice parameters increase according to
Vegard’s law [2] proportionally to the increase
of As substitution in pyromorphite (Fig.2).
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Fig.2. Correlation of lattice parameter a (upper graph) and parameter ¢ (lower graph) with anionic substitution

of AsO;3 for PO4’3 in pyromorphite-mimetite solid solutions
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