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INTRODUCTION

The crystallographic-chemical investigation of the aqueous
copper arsenates theoparacelsite [Cus(OH),As,0;]" and
lapeyreite [Cu;0[AsO3(OH)],-0.75H,0]* has been made for
last 10 years, even though yet no work based on Raman spectro-
scopy is reported in literatures.

Raman spectroscopy has become the principal method of
non-destructive spectral analysis® since the 1940s. Dispersive
confocal micro-Raman spectroscopy (DCURS) is one well-
known method for the characterization of minerals’. There-
fore, the characterizations of many single minerals using
Raman spectroscopy have previously been published’.

One of the most recently discovered minerals is lapeyreite,
which has been approved as a mineral by the commission on
new minerals, nomenclature and classification (CNMNC) of
the International mineralogical association (IMA). Accor-
dingly, lapeyreite is translucent dark pistachio-green and is
monoclinic-prismatic, H-M symbol (2/m) and space group:
C 2/m. The tenacity is brittle and the fracture conchoidal. The
lattice structure of lapeyreite belongs to the group of M=M-T
framework structures®; thus the structure is formed by a three-
dimensional network of CuOs square pyramids and AsO,
tetrahedra with a water molecule in a structural cavity, which
contains chains of CuOs square pyramids and AsO, tetrahedra
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The Raman spectroscopy is performed for the first time on the new discovered secondary copper arsenate mineral, lapeyreite |
[CusO[AsO5(0OH)],.0.75H,0]. The bands attributed to two main vibrating (CuOs and AsOs) units are readily identified in the Raman |
spectrum. Symmetric stretching modes at 1047 cm™ and at 627 and 405 cm™ are assigned to (V;)CuOs, (V2)AsO, and (V3)AsO, units,
respectively. Bending vibration modes in the Raman spectrum are assigned to (V2)AsO, units at 214, 198 and 188 cm™ and to (v,)CuOs |
units at 141 and 100 cm™. In addition, As-O bond and O-H-O bond lengths in the structure of lapeyreite were assigned from the FT-IR at |
3420, 2870 and 1640 cm'. The position and the intensity of both Raman vibrations reveal that the secondary occurring lapeyreite mineral |
is hydrothermally altered from the primary occurring cuprite mineral. |
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running along the shortest cell axis® (Fig. 1). Therefore, an
analysis of the Raman spectrum of lapeyreite should be
possible as well as theoparacelsite in regarding with previously
studies on copper formate tetrahydrate’. However, a comparison
and contrast of the two minerals will unfortunately not be pos-
sible, since the Raman spectrum of the mineral theoparacelsite

has been produced.
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Fig. 1. Crystal structure of lapeyreite viewed along the b-axis. The CuOs
square pyramids in light grey representing Cu in dark, AsO,
tetrahedra in dark grey representing as in light grey. Disordered
oxygen position OW7 of the water molecule shown as light spheres®
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An important mineralogical feature of lapeyreite has so
far remained incomplete. Therefore, this study mainly aims to
present the Raman spectrum of lapeyreite and relate the spec-
trum to the structure of the mineral. At the same time, the paper
serves to begin the systematic studies of Raman vibrational
spectra of arsenate-containing aqueous copper minerals of
secondary origin in the oxide supergene zone.

EXPERIMENTAL

Minerals: Holotype specimens of the mineral lapeyreite
have only been deposited in three different universities in the
world, as mentioned in the previously published paper’. The
first one is in the Laboratory of Crystallography, University
of Geneva, Switzerland (registration number CR.010). The
second one is in the University of Adnan Menderes, Vocational
School of Memnune Inci, Karacasu-Aydin, Turkey (registration
number KMY.25). The third one is in the University of Dokuz
Eyliil, Vocational School of Izmir, Buca-Izmir, Turkey (regis-
tration number BM.73).

The holotype specimen investigated in this study is the
third one, which is currently deposited in the University of
Dokuz Eyliil, Vocational School of Izmir, Buca-Izmir, Turkey
(registration number BM.73). Actually, all the samples were
collected from the old copper mines of Roua (North and South
group, municipality of Guillaumes and Daluis respectively),
which are situated in the northwestern part of the Alpes-
Maritimes region of France, about 50 km from Nice.

Raman microprobe spectroscopy: The crystal samples
of new mineral lapeyreite were placed and oriented on the
stage of an Olympus BM-41 microscope, equipped with 10x
and 50x objectives and part of a Horbia Jobin Yvon Scientific
XPLORA dispersive (visible) confocal micro-Raman spectro-
meter with a high throughput integrated spectrograph, which
also includes a monochromator, a filter system and a charge-
coupled device (CCD). Raman spectra were excited by a
He-Ne laser (532 nm) in the range between 50 and 4000 cm™.
The micro-Raman analysis was performed on a dark back-
ground at room temperature. Repeated acquisition using the
highest magnification was accumulated to improve the signal-
to-noise ratio. Spectra were calibrated using the 520 cm™ line
of a silicon wafer. Spectral manipulation as a baseline adjust-
ment was carried out using the software of the device. Details
of the technique have been published by the many authors®*’.
The Raman analysis was carried out in the Gemmological
Testing Laboratory at the Izmir Multidisciplinary Vocational
School of Dokuz Eyliil University-Izmir (Turkey).

FT-IR spectroscopy: Fourier transform infrared absor-
ption (FT-IR) spectrum was measured using a thermo nicolet
6700-FTIR equipped with a CsI beam splitter and a DTGS
detector. It was recorded in the spectral range of about 2900
to 4000 cm™. Spectral manipulations, such as baseline adjust-
ment, smoothing and normalization were performed. The
FT-IR analysis was carried out in the Chemistry Laboratory at
the Engineering Faculty of Aegean University-Izmir (Turkey).

RESULTS AND DISCUSSION

The dispersive (visible) confocal micro-Raman spectrum
in the range between 100 and 1100 cm™ (Figs. 2 and 3) and

Fourier transform infrared spectrum (Fig. 4) in the range
between 1100 and 4000 cm™ of the new secondary mineral
lapeyreite [Cu;O[AsOs(OH)],.0.75H,0] are given. In addition,
the wavenumbers of these vibrational (Raman and infrared)
bands and their assigned causes are given in Table-1.
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Fig. 2. Dispersive confocal micro-Raman spectrum of lapeyreite in the 100-
1100 cm™ region, measured at 1800T grating. No further bands
were observed after the band at 1047 cm™. Therefore, the spectra
were cut at the wavenumber of 1100 cm™.
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Micro-Raman spectra of the mineral lapeyreite, measured at the

gratings of 1200 T and 1800 T (A). The comparison and contrast of
the overlapped Raman spectra of the primary mineral cuprite and
the secondary mineral lapeyreite (B). The spectrum of cuprite, shown
as in red line, was compiled from the library of the device
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Fig. 4. Fourier transform infrared spectrum of lapeyreite in the 1100 and
4000 cm region

It is important to note that the highly similar mineral
theoparacelsite [Cus(OH),As,O;] has not yet been studied using
Raman spectroscopy. Therefore, a comparison and contrast
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of the micro-Raman wavenumbers of these two important
arsenate-containing copper hydroxide minerals was not possible
in this study. The first Raman spectroscopic data of the
lapeyreite holotype sample indicate that the formation of
distinctive vibrational bands is definitely related to lattice
imperfections (internal defects). A total of 9 Raman bands of
lapeyreite were established and their causes were attributed
according to the principles of Raman stretching and bending
modes®’ (Table-1). Three of these bands at 1047, 141 and 100
cm! were attributed to the CuOs units. The others at 627, 405,
214, 198 and 188 cm™' were attributed to AsO, units. It can be
stated that the bands at 1047 and 627 cm™ characterize
lapeyreite and distinguish the secondary mineral lapeyreite
from the primary copper mineral.

TABLE-1
DISPERSIVE CONFOCAL MICRO-RAMAN BANDS
OF LAPEYREITE SECONDARY COPPER HYDROXYL
CONTAINING ARSENATE, MINERAL AND THEIR ASSIGNED
CAUSES [THE ASSIGNMENTS WERE MODIFIED FROM THE
PRINCIPLES MENTIONED BY LEWIS AND EDWARDS®
AND COLOMBAN AND PRINSLOO’]

Micro-Raman
wavenumbers (cm’)

Assigned causes

1047 v, Symmetric stretching modes of CuOs units
627 v, Symmetric stretching modes of AsO, units
405 v; Symmetric stretching modes of AsO, units
214
198 v, Bending modes of AsO, units
188
141 . .
100 v, Bending modes of CuOs units
FT-IR wavenumbers .
2 Assigned causes
(cm™)
3420
2870 (V)OH of water stretching vibrations
1640

An intense sharp band at 214 cm™ was assigned to the v,
bending modes of the AsO, units. Another intense band at
around 1047 cm™ was assigned to the v, symmetric stretching
modes of the CuOs units. Empirical relations® enable the
calculation of Cu-O and As-O bond lengths in lapeyreite from
the observed wavenumbers and bands attributed to the v; CuOs
and v, and v3 AsO; stretching vibrations (Fig. 2) (Table-1).

In addition, the intermediate wavenumber region from
250 to 100 cm™ has complex vibrations. Three distinctive
Raman bands were evaluated as bending modes.

No further bands were observed after the band at 1047
cm’. Therefore, the spectra were cut at the wavenumber of
1100 (Figs. 2 and 3). In fact, the vibrational stretching modes
throughout the infrared region in the FT-IR spectrum of
lapeyreite were obtained (Fig. 4). Therefore, IR analysis in
combination with the understanding of cuprite has been used
to make the proposed Raman band assignments. It is seen that
As-O bond and O-H-O bond lengths in the structure of
lapeyreite were assigned from the FT-infrared at 3420, 2870
and 1640 cm™.

It is stated that the lattice structure of lapeyreite belongs
to the group of M=M-T framework structures®; thus the struc-
ture is formed by a three-dimensional network of CuOs square

pyramids and AsO, tetrahedra with a water molecule in a
structural cavity which contains chains of CuOs square
pyramids and AsO;, tetrahedra running along the shortest cell
axis®. On the other hand, two H atoms compensate for the
observed charge deficiency and transform one third of the O
atoms Os and Og in the AsOy tetrahedra into OH groups'’. The
other two H atoms connect the water molecules in the cavity
with the O atoms O, O,, O; and O,. However, as the H atoms
of two OH groups compensate for the missing positive charge
at the partially occupied as sites, it is possible that the protons
are located inside the empty oxygen tetrahedra. The exact
location of the H atoms in the structure remains to be ascer-
tained®. Slodczyk and Colomban'' have stated that many
electrical, electrochemical and magnetic properties result from
a competition between different potentials of the chemical
bonding and structure. In general, some atoms (alkali and earth
alkali cations) have a strong ionic character. Some other atoms
develop covalent bonding (i.e., transition metals) and form
strong molecular bricks. Metallic bonds can also be formed
between atoms and ionized clusters between ions and complex
nano-clusters may be observed''.

The secondary occurring mineral lapeyreite was hydro-
thermally altered from primary occurring copper minerals, as
was the other secondary copper mineral with arsenate content,
theoparacelsite. A comparison and contrast of the overlapped
Raman bands of the secondary mineral lapeyreite and the
primary mineral cuprite (Fig. 3) shows that lapeyreite is defini-
tely altered from cuprite (Cu,O), since the Raman spectrum
of cuprite is highly similar to that of lapeyreite, rather than
those of the other primary copper minerals, such as calcosine,
chalcopyrite, coveline and bornite. Accordingly, it can be stated
that the most important band in the Raman spectrum which
would be helpful to identify the mineral lapeyreite appears at
1047 cm™.

Sarp and his colleagues” stated that lapeyreite was invari-
ably in intimate association with trippkeite and the other asso-
ciated minerals were olivenite, malachite, gilmarite, cornubite,
connellite, theoparacelsite, brochantite, cuprite, native copper,
algodonite and domeykite. In addition, lapeyreite occurred in
geodes of cuprite (0.5 mm diameter) as aggregates formed
from perfect elongated rectangular crystals, acicular fibrous
crystals or powdery masses. In this paragenesis, the crystalli-
zation sequence of theoparacelsite' and lapeyreite was probably
as follows: the oxidation of native copper produced cuprite;
then, the reaction of copper with solutions enriched in arsenous
acid produced trippkeite precipitated on the previously formed
cuprite. Subsequent oxidation of arsenous acid produced
arsenic acid, which also reacted with copper, yielding crystals
of lapeyreite’. Therefore, it can be interpreted that cuprite is
primarily responsible for the occurrence of lapeyreite. In
addition, Raman spectroscopy lends itself for the analysis of
cuprite secondary minerals such as lapeyreite.

Conclusion

It is important to note that the dispersive confocal micro-
Raman bands of the lapeyreite have not been reported in the
previous literature. These first experimental data of the sample
indicate that the formation of distinctive wavenumbers is
definitely related to lattice defects, which can be attributed to
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structural imperfections, primarily regarding a three-dimen-
sional network of CuOs square pyramids and AsQO, tetrahedra
with a water molecule in a structural cavity, which contains
chains of CuOs square pyramids and AsO, tetrahedra running
along the shortest cell axis. Due to its similar Raman spectrum,
itis claimed that the secondary mineral lapeyreite occurs from
the primary copper mineral cuprite after a hydrothermal alteration.
The Raman spectrum of lapeyreite shows the most intense
band at 1047 cm™ is assigned to v, symmetric stretching vibra-
tion modes of CuOs units. The v, bending modes of CuOs
units are found at 141 and 100 cm™. The band at 627 and 420
cm™ is assigned to the v, and vs symmetric stretching modes
of AsQOy units, respectively. In addition, the v, bending modes
of AsO, units are found at 214, 198 and 188 cm™’. On the other
hand, infrared bands at 3420, 2870 and 1640 cm™ are assigned
to the (V)OH of water stretching vibrations. Since, some
hydrogen bonds are present in the lapeyreite structure.
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