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Abstract
A covellite mineral sample from Coquimbo region, Chile is used in the present study.
An EPR study on powdered sample confirms the presence of Mn(II) and Cu(II). Optical
absorption spectrum indicates that Fe(II)and Cu(II) impurities are present in octahedral
structure. Bands in the near-infrared from 7000-5000 cm-1 result from the overtones of the
first fundamental OH-stretching modes.
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1. Introduction
Natural minerals containing first group transition metals like Fe, Mn, Cu. Chromium
etc., have been the subjected to numerous absorption spectroscopic investigations because of
their diverse chemical compositions. Geochemically, copper and iron occur in many major
mineral groups. Estimating the exact percentage of these impurity or constituent ions in the
above compounds is useful to grade the minerals for industrial applications. Though these
ions could not be in the detectable range, they affect the characteristics of these compounds.
Electron paramagnetic resonance (EPR), optical absorption, infrared spectral studies of
minerals provides useful information on the crystal chemistry of transition metal ion in
naturally occurring minerals [1-3]. An attempt at the systematic study and presentation of the
results on covellite using the above spectral techniques has been made in the present
investigation.
Covellite mineral Cu 2+ Cu 2+ S [S 2 ] belongs to hexagonal crystal structure [4]. Its space
group is P63/mmc. The unit cell parameters are a = 0.3794 and c = 1.6341 nm. It contains
almost constant composition Cu ≈ 66.0, Fe ≈ 0.25 and S ≈ 34.00 Wt% [5,6]. The oxidation
number of copper in the sample is both +1 and +2. In crystalline structure of mineral twofold layers of Cu2+S4- tetrahedrons are connected in the apices by the common atoms of
sulphur, in the planes of which the Cu+ atoms are located. The S atoms composing the bases
of the tetrahedrons of the neighboring packets are brought together, thus forming the dumbbell pairs [5.6]. A mineral whose composition near to Cu5FeS6 in association with native
sulphur and covellite in the volcanic sulphur deposit, Aucanquilcha, Chile was described by
Clark [7]. The Aucanquilcha native sulphur-covellite compared to the known equilibrium
phase relations in the sulphur-rich, iron-poor region of the system Cu-Fe-S [8]. Mineralogy of
the Panulcillo skarn-type copper ores hosted by volcanic sedimentary rocks in the Coquimbo
region, Chile has been published [9]. The crystal structure of covellite studies under different
pressures up to 33 kbar shows the contraction of the unit cell takes place in such a way that
the cell volume at 1 bars being reduced by about 5% at 33 kbar [10]. CuS, covellite was
compressed at room temperature and a pressure of ≤45 GPa and studied using X-rays
[11]. This study indicates high pressure ordering of the amorphous phase for
covellite. Zhang and Gao [12] presented the preparation of unique copper sulphide flakes.
The powered samples were characterized by XRD and UV-visible absorption characteristics
were recorded for different samples. Their studies show crystal phase of copper sulphide is a
dependent on absorption feature. The edge absorption of the samples varies from 550 to 630
nm (18180 to 15870 cm-1) and explained the effect of crystal size on band shift [12].

2. Experimental
Dark grey colored covellite sample originated from Limari province, Coquimbo
region, Chile, is used in the present investigation. EPR spectrum of the powdered sample is
recorded at room temperature (RT) on JEOL JES-TE100 ESR spectrometer operating at Xband frequencies (ν = 9.40758 GHz), having a 100 KHz field modulation to obtain a first
derivative EPR spectrum. DPPH with a g value of 2.0036 is used for g factor calculations.
Optical absorption spectrum of the compound is recorded at RT on Carey 5E UV Vis-NIR
spectrophotometer in mull form in the range 200-2000 nm.

3. Results and analysis
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3.1 EPR Spectral analysis
The covellite mineral originated from Coquimbo region, Chile is a dark grey in color
and is used in the present work. The EPR spectrum of the sample recorded at room
temperature is shown in Fig.1. The spectrum consists of a broad line with a small sextet.
The g value for the broad line is 2.24 which is due to the presence of Cu(II) in the sample.
The hyperfine line from either 63Cu or 65Cu could not be resolved since the copper content in
the mineral is very high. The six hyperfine lines are having uniform intensity indicating the
presence of Mn(II) impurity in the mineral. Since Mn(II) belongs to S=5/2 and is having
55
Mn a nuclear spin of 5/2, one expects a sextet corresponding to the transition +1/2> ↔ 1/2>. The other four transitions are not seen due to large anisotropy. This is common in
powder EPR spectrum. The observed g and A values are 2.0 and 6.0 mT.
.
The hyperfine splitting (HFS) constant ‘A’ can be calculated from the position of the
allowed HF line using the formula [13].
⎛ A2 ⎞
⎟⎟ .
Hm =H0- Am-(35-4m2) ⎜⎜
⎝ 8H 0 ⎠
Here Hm is the magnetic field corresponding to m ↔ m in HF line
H0 is the resonance magnetic field.
m is the nuclear spin magnetic quantum number.
The value of A at room temperature is found to be 6.1 mT. It agrees with the
experimental value. The magnitude of the HFS constant, A, provides a qualitative measure
of the ionic nature of bonding between the Mn(II) ion and its ligands. Van Wieringen [14]
empirically determined a positive correlation between a and the ionicity of the manganeseligand bond. It is found that Mn(II) is ionic in nature. Hence the EPR analysis of the sample
indicates that the paramagnetic impurities present in the mineral are Mn(II)and Cu(II).

3.2 UV-Vis and NIR spectroscopy analysis
The optical absorption spectrum of the sample recorded in the UV-Vis region from
400-800 nm (2500-12500 cm-1) is shown in Fig. 2 (a). The spectrum consists of six bands at
12660, 13190, 14925, 16390, 18250 and 21880 cm-1. NIR spectrum of the mineral is shown
in Fig. 2 (b). The electronic transition bands are identified from the nature of the spectrum at
8210, 9260, 10480 and 11860 cm-1. The electronic features in UV-Vis and NIR result from
the divalent cations like Cu(II) and Fe(II) because of the mineral under study is a Cu-Fe-S
system. For easy analysis of the spectra, the bands are divided into two sets as 8210,
11860,14925 and 18250 cm-1 as first set, and 9260, 10480, 12660, 13190, 16390, 21880 cm-1
as second set.
The electronic configuration of divalent copper is [Ar] 3d9. In an octahedral crystal
field, the corresponding ground state electronic configuration is t2g6eg3 which yields 2Eg term.
The excited electronic configuration, t2g5eg4 corresponds to 2T2g term. Thus only one single
electron transition 2Eg → 2T2g is expected in an octahedral crystal field. Normally, the
ground 2Eg state is split due to Jahn-Teller effect and hence lowering of symmetry is expected
for Cu(II) ion and this state splits into 2B1g(dx2-y2) and 2A1g(dz2) states in tetragonal symmetry
and the excited term 2T2g also splits into 2B2g(dxy) and 2Eg(dxz,dyz) levels. In rhombic field,
2
Eg ground state splits into 2A1g(dx2-y2) and 2A2g(dz2) whereas 2T2g splits into 2B1g(dxy),
2
B2g(dxz) and 2B3g(dyz) states. Thus, three bands are expected for tetragonal (C4v) symmetry
and four bands are expected for rhombic (D2h) symmetry [15].
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The first set of bands at 8210, 11860,14925 and 18250 cm-1 in the UV-Vis region are
assigned to Cu(II) in rhombic symmetry. The general ordering of the energy levels for
rhombic symmetry is as follows [15]: 2A1g(dx2-y2) < 2A2g(dz2) < 2B1g(dxy) < 2B2g(dxz) <
2
B3g(dyz). Accordingly the optical absorption bands observed for Cu(II) in covellite at
18250, 14925, 11860, 8210 cm-1are attributed to the transitions from 2A1g(dx2-y2) to 2A2g(dz2),
2
B1g(dxy), 2B2g(dxz), 2B3g(dyz) respectively. These observations are in agreement with those
reported earlier [16-19] and the bands accordingly are ascribed to Cu(II) in octahedral
coordination with rhombic distortion (D2h) symmetry. Comparison of energies of the bands
[16,19-21] with their assignments for Cu(II) in rhombic octahedral coordination with ground
state 2A1g d x 2 − y 2 are presented in Table 1.

(

)

The ground state configuration of Fe(II) ion is 3d6. The configuration can be
4
2
expressed as t 2 g e g for high spin octahedral field. Hence, the energy states are 5T , 3E , 3T
2g

g

2g

and some more triplets and singlets of which 5T2g forms the ground state. The other excited
3
3
configurations, such as t 2 g e g gives rise to a several triplet and singlet states and one quintet

state designated as 5Eg. Thus the spin allowed transition 5T2g → 5Eg is expected to be strong
and all other spin forbidden transitions are very weak [22,23]. Thus, the 5T2g → 5Eg transition
gives an intense, but broad absorption band. Often this band splits into two in an octahedral
environment. The splitting of this band may be explained in terms of one or more of the
following: (i) spin orbit coupling, (ii) static distortion of the octahedron and (iii) dynamic
Jahn-Teller effect [24]. If the splitting is due to spin orbit coupling, the splitting value is
about 100 cm-1. On the other hand, if the splitting is of the order of 2000 cm-1, then it is due
to static distortion of octahedron [24-26]. An intermediate value between 100 and 2000 cm-1
indicates a dynamic Jahn-Teller effect in the excited 5Eg state [27,28]. In the latter case, the
energy level split symmetrically to the centre of gravity and the average of these levels is to
be taken as 10Dq value.

The bands at 9260, 10480, 12660, 13190, 16390, 21880 cm-1 in the spectrum are due
to electronic transitions of ferrous ion. Ferrous ion complexes derive strong bands in NIR.
Here the appearance of two broad bands with weak intensity at 9260 and 10480 cm-1
indicates low concentration of iron in the mineral. The average of these bands, i.e., 9260 cm-1
and 10480 cm-1 is taken as 10Dq band for Fe(II) ion and is assigned to 5T2g → 5Eg(D) [23].
Accordingly the Dq value is 9870 cm-1. The splitting of 10Dq band (10480 – 9260 = 1220
cm-1) indicates that it is due to dynamic Jahn-Teller effect in the excited 5Eg state since the
splitting value is an intermediate between 100 and 2000 cm-1. Tanabe-Sugano diagram of d6
configuration is used to assign the transitions of other bands [29]. Relatively one sharp band
at 12660 cm-1 and three other bands in the UV-Vis spectrum at 13190,16390 and 21880 cm-1
are assigned to 5T2g → 3T1g(H), 5T2g → 1A1g(I), 5T2g → 3T2g(H) and 5T2g → 3Eg(G)
respectively. The energy matrices of d6 configuration are solved for different values of Racah
parameters Dq, B and C. The parameters that give good fit to the experimental data is Dq =
987, B = 900 and C = 4030 cm-1. The band head data and their assignments along with the
calculated values are presented in Table 2.

The vibrational spectrum of covellite is shown in Fig. 2 (b). The OH-stretching
overtones region extended from 7000 to 5000 cm-1. A strong feature centered at 6685 cm-1 is
the cause of OH fundamental modes appeared in the form of overtones [30]. Water
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combination bands were found to contain in hydrotalcites, Mg6Al2(OH)16CO3.nH2O at ~5200,
5130, 4980, and 4800 cm-1 [31]. For carbonate minerals like rosasite group, the observation
of strong absorption bands from 5300 to 4900 cm-1 has been attributed to water-OH overtones
[32]. In the low wavenumbers region of the spectrum of copper sulfide, covellite, one sharp
band at 5180 cm-1 with three component bands at 5475, 5665 and 5810 cm-1 may be
attributed to the water OH-overtones.

4. Conclusions
1. Covellite Cu 2+ Cu 2+ S [S 2 ] , is a mono sulphide of copper and contains 66.0 % of
copper and 0.25 % of iron.
2. The EPR studies confirm the presence of Mn(II) and Cu(II).
3. Optical absorption spectrum is due to Cu(II) which is in rhombic symmetry and
Fe(II) which is in octahedral environment.
4. Mid-infrared spectral studies are indicative of water as bound water which is
attached to the metal ion. A strong feature in the near-infrared centered at ~7000
cm-1 is indicative of water bonding in the mineral structure.
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Table 1 Comparison of energies of the bands with their assignments for
Cu(II) in rhombic octahedral coordination with ground state 2A1g(dx2-y2)
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----------------------------------------------------------------------------------------------------------Assignment
Band positions
----------------------------------------------------------------------------Observed
Calculated
Wavelength
Wavenumber
Wavenumber
(nm)
(cm-1)
(cm-1)
---------------------------------------------------------------------------------------------------------5

T2g → 5Eg(D)

1080

9260*

954

10480*

790

12660

12496

T2g → 1A1g(I)

758

13190

13413

5

610

16390

16171

5

T2g → 3T1g(H)

5

T2g → 3T2g(H)

9870

9870

5

T2g → 3Eg(G)
457
21880
21458
-----------------------------------------------------------------------------------------------------------. * average of these two bands: 9870 cm-1

Table 2 Observed and calculated energies for Fe(II) with their assignments in covellte
(Dq= 987, B = 900, C = 4030 cm-1)
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