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Article history: This article reports a simulated dataset of the vibrational (in-
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Accepted 18 August 2020 mineral belonging to the phyllosilicate family [1]. The data
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tional Theory (DFT) simulations at B3LYP level, including a
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was calculated between 0 cm™' and 4000 cm™! and com-
prises infrared, reflectance and Raman spectra, frequency-
dependent complex dielectric function and complex refrac-
tive index of clinochlore. The data was validated against
available experimental spectroscopic results reported in liter-
ature and can be of help in several application fields, for in-
stance fundamental georesource exploration and exploitation,
in applied mineralogy, geology, material science, and as a ref-
erence to assess the quality of other theoretical approaches.
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Specifications Table

Subject

Specific subject area
Type of data

How data were acquired

Data format
Parameters for data collection

Description of data collection

Data source location

Data accessibility
Related research articles

Material Science

Infrared and Raman spectroscopy data of georesouces raw minerals

Table Graph Figure

Quantum mechanical simulations at the DFT/B3LYP-D* level of theory
(CRYSTAL17 code)

Raw Analyzed

Infrared spectra were calculated using adsorption formulas related to the
complex dielectric function of the mineral. The spectra were obtained in the
range 0 - 4000 cm™! (step of 1 cm™') and smoothed with a damping factor of
8 cm~'. Raman spectra were simulated considering a 532 nm laser source at
298 K.

The data were obtained from quantum mechanical simulations conducted
using Density Functional Theory, B3LYP functional and Gaussian-type orbitals
basis sets. A correction for the dispersive forces based on the DFT-D2 method
was also employed (B3LYP-D* scheme).

The quantum mechanical simulations were conducted at the University of
Bologna, Dept. Biological, Geological and Environmental Sciences, Bologna,
Italy.

With the article

Ulian, G., Moro, D. & Valdre, G. (2020) Infrared and Raman spectroscopic
features of Clinochlore MggSisO19(OH)s: a Density Functional Theory
contribution. Applied Clay Science, DOI
https://doi.org/10.1016/j.clay.2020.105779.

Value of the Data

» The present extensive dataset on the infrared and Raman spectroscopic features of mono-
clinic stoichiometric clinochlore of composition MggSizO19(OH)g represents a foundation for
future fundamental and applied studies on this mineral and related phases.

- Raman and infrared spectroscopies are key investigation techniques to characterize clay min-
eral georesources and the present dataset provides fundamental insights and procedures
to characterize for what concerns Raman and IR complex clay mineral phase composed of

brucitic and talc-like layers.

» The present dataset could be used for direct comparison with other experimental and/or

theoretical studies.

+ Optical properties of clinochlore (complex dielectric function and complex refractive index)
could be useful for specific developments of tailored materials with desired optical responses.

1. Data Description

Clinochlore [MggSizO19(OH)g] is a phyllosilicate mineral belonging to the chlorite group,
composed by alternately stacked brucite-like sheets [Mg(OH),, labelled as O’) and talc-like
(Mg3Sig019(OH),, TOT) layers. The different layered structures are held together by weak in-
teractions (mainly hydrogen bonds). Stoichiometric clinochlore belongs to the C2/m space group,
with lattice parameters a=5.3297 A, b=9.2309 A, c=14.8947 A, a =y = 90° and 8 =96.829°,
as obtained from Density Functional Theory (DFT) structural optimization [1].

Data of vibrational (infrared and Raman) properties of clinochlore in the range 0 - 4000 cm™!
were obtained at I' point by Density Functional Theory simulations. Other optical properties
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were evaluated in order to obtain the mentioned infrared and Raman data, in particular the
frequency-dependent complex dielectric function (e(w) = &1(w) + &3 (w), with &1(w) and &(w)
the real and imaginary parts, respectively) and the complex refractive index (i = n + ik, with n
the phase velocity and k the extinction coefficient).

The related datasets are reported in tabular form in Supplementary Material:

« the complex dielectric function, calculated over the xx, yy and zz directions, which was em-

ployed to obtain the IR absorbance, is presented in Table S1 (Supplementary Material);

the infrared absorption and reflectance spectra, calculated using different approximations

(see below), are reported in Table S2 (Supplementary Material);

- the Raman spectra, obtained considering the mineral either as a polycrystalline aggregate
and as single crystal, are reported in Table S3 (Supplementary Material);

- the complex refractive index n = n + ik, calculated over the xx, yy and zz directions, is pre-
sented in Table S4 (Supplementary Material).

These datasets could be of use for comparisons with both experimental and theoretical re-
searches. To cite an example, Fig. 1 reports some of the calculated data at the DFT/B3LYP-D*
level of theory.

2. Experimental Design, Materials and Methods

The data here presented were obtained from Density Functional Theory simulations per-
formed with the CRYSTAL17 code [2].

The basis sets describing clinochlore were obtained from linear combination of atomic or-
bitals (LCAO), the latter being Gaussian-type functions (GTF). More into details, the atomic basis
sets for silicon, magnesium, oxygen and hydrogen were 88-31G*, 8-511d1G, 8-411d11G and 3-
1p1G, respectively [1, 3].

The hybrid B3LYP functional [4, 5], which is well-known for its ability to produce high quality
data for different properties of crystalline systems [6-8], has been adopted for all calculations.
The effect of weak interactions on both structural and vibrational data was included with the
DFT-D2 correction scheme as modified for the B3LYP functional (B3LYP-D* approach) [9]. This
is a necessary correction to the total energy of the system, because both standard and hybrid
DFT functionals do not provide an adequate description of dispersive forces that play a major
role in layered materials such as phyllosilicates. The exchange and correlation contributions to
the total energy were evaluated on a grid made of 75 points and 974 angular points, obtained
according to the Gauss-Legendre quadrature and Lebedev schemes. The tolerance thresholds that
control accuracy of the Coulomb and exchange integrals were set to 10~7 and 10~16, respectively
[2]. A 6 x 6 x 2 Monkhorst-Pack grid (26 k-points in the first Brillouin zone) was employed to
diagonalize the Hamiltonian matrix. The convergence on total energy was reached when the
difference between the energy of two subsequent self-consistent field cycles was less than 10-8
Hartree during geometry optimization and less than 100 Hartree during phonon calculations.
Stricter convergence criteria are needed for vibrational properties, as they are obtained from
numerical differentiation (dynamic matrix / forces calculation) [10].

The I'-point vibrational frequencies were calculated by diagonalizing the mass-weighted Hes-
sian matrix, whose elements are the second derivatives of the lattice potential with respect to
mass-weighted atomic displacements as explained by Pascale and co-workers [10].

The infrared spectrum of clinochlore was analytically calculated using different adsorption
formulas, as described by Maschio and co-workers [11]. More into details, the infrared absorp-
tion is calculated using the complex dielectric function e(v) (dielectric permittivity), which is
obtained from, for each inequivalent polarization direction, the Drude-Lorentz model:

(VY= e Tpivh
&ii(v) —gw,zx+§m (1)
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Fig. 1. (a) real (&7) and imaginary (&;) parts of the dielectric function, (b) complex refractive index, (c) infrared spec-
trum according to the classical absorption formula [Eq. (5), vide infra] and (d) xx- and zz-polarized Raman spectra of
clinochlore, all in the range 0 - 4000 cm™'. The complex dielectric function (a) and the complex refractive index (b)
were plotted as averages over all the polarization directions.
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with ii indicating the polarization direction, e is the optical dielectric tensor, vy, f, and yp are
the (transverse optical) vibrational frequency, the oscillator strength and the damping factor for
the p-th vibrational mode. Both real and imaginary parts of the dielectric function, Re[¢(v)] and
Im[e(v)], respectively, were computed.

The complex refractive index, n = n + ik, with n the phase velocity and k the extinction coef-
ficient was calculated according to the following relations:

n2(v) —kZ(v) = Re[gi(v)] 2n;(v)k;i(v) = Ime; ()] (2)
The reflectance spectrum, R;(v), is calculated for each inequivalent direction ii as:

2
. | A/gii(v)—sin2(@)—cos(0) 3
Rii(v) = /€5 (v)—sinZ (8)+cos(6) 3
with 0 the incidence angle of the beam with respect to the normal to the crystal surface. For
the calculations related to the present dataset, this angle was set to 10°.

The infrared absorbance spectrum, A(v), was then calculated according to four different mod-
els. In the first one, the only one not requiring the complex dielectric function, the IR absorbance
was obtained by raw superposition of Lorentzian peaks according to the formula:

I VYp/2
A (W)=Y 2 2
Lorentzzan( ) % T (v—vp)z—)/pz/4 (4)

The second model is a classical absorption formula, averaged over the polarization direction

xx, yy and zz (1, 2 and 3, according to the Voigt's notation):

3
Aclassical(” % Z: )Tn <n(‘)) (5)

with A the wavelength of the incident beam and p the mineral density.
The third and fourth formulas involves Rayleigh approximation of particles having spherical
shape and as continuous distribution of ellipsoids, respectively:

3
{(v)-1
Aspherical(v) = % Z] )Tﬂ [iiigz;_,_z:l (6)
13 21 1| 28i(v)
Aellipsoidal(v) =3 Z T I:gﬁ(v)q IOgSii(V)] (7)

The Raman spectra were calculated by considering the mineral both as a polycrystalline pow-
der and as a single-crystal. Their construction is based on the transverse optical vibrational
modes of clinochlore that uses a pseudo-Voigt functional form [12, 13]:

A@W) =nLE) + (1 -mGO) (8)

In Eq. (8), A(v) is the Raman intensity, L(v) is a Lorentzian function with formula given by
Eq. (4),7n is the Lorentzian factor and G(v) is a Gaussian function given by:

I 4In2(v-vp)?
G(v) =32 “‘,ﬁy‘;exp[—(yg 2) ] (9)
with I, the computed Raman intensities for the pth vibrational mode.

All of the above optical and vibrational quantities were calculated in the spectral range 0
- 4000 cm~!. The optical dielectric tensor, e, was computed using a couple-perturbed Kohn-
Sham approach [14, 15]. The damping factor represents the full width at half maximum of each
vibrational mode and was set to 8 for both infrared and Raman spectra because this value pro-
vides band broadening similar to that of experimental samples and is also the default employed
by CRYSTAL, as described by Maschio and co-workers [11]. Raman spectra were simulated using
a pure Lorentzian form, which is the default of CRYSTAL [12], corresponding to n = 1, to ob-
tain the typical sharp peaks of Raman spectra [16]. Also, the Raman intensities were calculated
considering a 532 nm laser source at 298 K.
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