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 INTRODUCTION

Oxidation of sulfide- and arsenide-bearing minerals con-
tributes to acidic mine drainage where mining operations ex-
ploit porphyry and massive sulfide ore deposits. Separation of
arsenide-bearing minerals from other phases may also be im-
portant where these minerals contain economic quantities of
metals or where environmental treatment is a concern. Because
surface properties determine the initial reactivity of minerals
with fluids, an understanding of chemical nature of the surface
is critical to deciphering reaction mechanism.

The chemical states of surface sulfur species at pyrite sur-
faces are now well documented as are their relative reactivities
(Nesbitt et al. 2000; Schaufuss et al. 1998a, 1998b; Nesbitt et
al. 1998). There is less information about arsenides and their
surfaces. The chemical state properties of species at loellingite
surfaces are consequently documented in an attempt to under-
stand better the types of arsenic species produced at
arsenide-bearing mineral surfaces.

To this end, surface sensitive Synchrotron Radiation X-ray
Photoelectron Spectroscopic (SRXPS) studies of pristine frac-
ture surfaces of loellingite are reported. These results reveal a
strong surface polymeric arsenic signal, a strong bulk dimeric
As signal but no significant surface monomeric or dimeric As sig-
nal. The result is dramatically different from equivalent studies
conducted on pyrite and reasons for the differences are addressed.

MINERAL PROPERTIES, EXPERIMENTAL ASPECTS,
AND RESULTS

Structure

Fan et al. (1972) and references therein report loellingite
(FeAs2) to be orthorhombic and of space group Pnnm. The unit-
cell dimensions are a = 5.30 Å, b = 5.94 Å and c = 2.88 Å. Fe is
coordinated to six As atoms (Fig. 1). Each As atom is fourfold-
coordinate and bonded to 3 Fe atoms and to one As atom. The
As-As bond results in As2

2– dimeric structural units. This dimeric
ligand (As2

2–) is coordinated to 6 Fe atoms. The As-As bond
length is 2.49 Å with the next nearest As neighbors being 2.88
Å and 3.30 Å distant. The Fe-As bond distances are 2.36 Å and
2.39 Å (Fe in distorted octahedral coordination). The vector
joining the nuclei of As dimers is constrained to the a-b crys-
tallographic plane (Fig. 1).

Experimental aspects

Laths were cut from a single crystal of loellingite originat-
ing from Broken Hill, N.S.W., Australia and a second from Ster-
ling Hill Mine, Ogdensburg, N.J., U.S.A. Their identification
was confirmed by powder X-ray diffraction studies. The laths
were placed in the preparation chamber where they were frac-
tured under vacuum and immediately transferred (in vacuum)
to the analytical chamber and analyzed. Loellingite does not
cleave well but generally fractures producing an irregular sur-
face and such surfaces were produced in this study. Surface
channeling of photoelectrons, observed for surfaces of a single
orientation, was thus avoided.* E-mail:hwn@julian.uwo.ca
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ABSTRACT

Synchrotron Radiation X-ray Photoelectron Spectroscopy (SRXPS) and conventional X-ray Pho-
toelectron Spectroscopy (XPS) of pristine (unreacted) loellingite fracture surfaces reveal two dis-
tinct contributions to the As 3d spectrum. One is derived from As atoms of the bulk phase (fully
coordinated As atoms) and the other is derived from polymeric As species located on fracture sur-
faces. Surface polymerization reactions probably proceed in response to fracture whereby As dimers
at the surface react to produce surface tetramers and possibly surface heptamers. Trimeric and
pentameric species may form where As-As bond scission occurs during fracture.

The (001) surface of loellingite is autocompensated and unlikely to undergo reconstruction. The
(010) and (100) surfaces are, however, arsenic-terminated and uncompensated, and surface recon-
struction is expected. The short “c” dimension of the loellingite unit cell is critically important to
surface polymerization because arsenic dimers on (100) and (010) surfaces are separated by 2.88 Å
(normal to c) which is only 16% greater than the As-As bond length. Because of the short distance,
adjacent surface dimers likely tilt toward each other and bond to produce surface tetramers. This
should introduce minimal strain and eliminate high-energy dangling bonds thus stabilizing the sur-
face. The polymerization reaction also explains the absence of surface (core-level-shifted) As dimeric
and monomeric signals such as observed on pyrite surfaces.


