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Abstract: The surface chemical properties of Lepidolite-1M crystals are closely related to their flotation
properties. This paper uses density functional theory (DFT) to analyze the band structure, population,
and state density of ideal Lepidolite-1M crystals. The results show that lepidolite-1M is an insulator,
and its most probable positively charged active site is Al, and its negatively charged active sites are
O and F. To further investigate the adsorption mechanism of Lepidolite-1M during comminution and
flotation processes, we calculated the surface energy, population, state density, and differential charge
density of its most common (001) surface. The results show that its surface energy is 0.9934 J/m2,
occurred in the valence electron configurations, population values, and bond lengths of the surface
atoms. Furthermore, oxygen atoms on the (001) surface showed different activities, with F and O
atoms in the lithium-rich region showing significant electron enrichment. Overall, our results
demonstrated that anion collectors react mainly with the Al sites on the surface of Lepidolite-1M,
and the cationic collectors and metal ion activators can be adsorbed on the surface of Lepidolite-1M
to produce better trapping and activation capabilities.

Keywords: lepidolite-1M; lepidolite-1M (001) surface; density functional theory; electronic structure;
surface properties

1. Introduction

Lithium mica K{Li2Al1[Al2Si4O10](OH,F)2} is part of a series between poly-lithium and
tri-lithium minerals, featuring a T-O-T layered structure with potassium connecting atoms.
It is of interest due to its high lithium content (up to 7.70% Li2O) [1–4]. Due to isomorphic
substitution in lithium mica, various metals such as Rb and Cs can exist in isomorphic
forms, making it a major source of metals like rubidium and cesium [5,6]. Currently, the
most widely used method for lithium mica recovery is flotation. It is crucial to separate
highly floatable minerals such as feldspar, quartz, and white mica during flotation. Thus,
developing highly selective flotation reagents for the more effective separation of lithium
mica from other silicate minerals is of significant importance. The properties of minerals are
closely related to their selectivity, possessing “genetic” characteristics, which significantly
impact sorting indicators [7]. Therefore, exploring the “genes” of lithium mica minerals can
provide valuable references and guidance for the study of lithium mica flotation behavior
and the development of flotation reagents.

The Lepidolite-1M structure, which is a common configuration among a variety of
lepidolite structures and rich in LiO2, is characterized by significant octahedral order and
considerable tetrahedral distortion. It has a relatively low level of duality in arrangement
compared to the commonly occurring 2M2 structure [8,9]. In the lepidolite structure,
between two layers of tetrahedral silica opposite the apex oxygen, there lies a layer of
octahedral alumina (comprising three octahedra at positions M1, M2, and M3) [10,11]. In
Lepidolite-1M, these octahedra contain various different cations, including Li+, Al3+, and
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smaller substitutions. Extensive research has been conducted on the structural order of lep-
idolite. F. Sartori compared the Lepidolite-1M structure with the Lepidolite-2M2 structure
and found no significant differences in chemical composition and structural parameters [12].
Stephen Guggenheim refined the 1M and 2M2 mica structures at multiple locations to
establish ideal and sub-group symmetrical cation ordering schemes [13]. Chiara Elmi and
others calculated the crystal chemistry and surface configurations of two polylithionite-1M
crystals, finding that increased Li content on or near the (001) cleavage surface indicates a
tendency for cleavage near lithium-rich areas [14].

Quantum chemical calculations have become a crucial basis for studying the structure
of mineral crystals and the mechanisms of reagent action on mineral surfaces. Density
functional theory is extensively used in researching the structure of mineral crystals and
the interaction mechanisms between reagents and mineral surfaces [15–18]. Density func-
tional theory has been widely applied in studying the crystal structure of minerals and
the mechanisms of interaction between agents and mineral surfaces. Although exten-
sive research has been conducted on the flotation separation of lithium mica, studies on
its crystal chemical properties are not yet comprehensive. Defined by Rieder et al. as
[iv]Si4+−1

[vi]Li−1
[iv]Al[vi]Fe2+, Polylithionite [KLi2AlSi4O10(F,OH)2] is a lithium-rich unit lo-

cated near the trilithium polylithium ion connection in the trioctahedral mica [19]. This
paper, utilizing the CASTEP module of Materials Studio software, modified and doped
the Lepidolite-1M crystal, following Stephen Guggenheim and others, to obtain an ideal
Lepidolite-1M crystal conforming to the trioctahedral configuration and composed of TOT-
type structures [13]. Based on first principles, the energy bands, populations, and density
of states of the ideal Lepidolite-1M crystal were calculated. The optimized Lepidolite-1M
unit cell was then cut along the Miller index (001) direction, and its relaxation, population,
density of states, and differential charge density were analyzed. In-depth analysis of the
structure and surface characteristics of Lepidolite-1M crystals provides a reference for the
development of flotation reagents for lithium mica.

2. Simulation and Calculation Methods
2.1. Construction and Optimization of Lithium Mica Cells

The crystal cell structure of lithium mica was geometrically optimized using the
CASTEP module of Materials Studio 2016 software. The modified Lepidolite-1M crystal
belongs to the monoclinic crystal system and is a TOT-type layered silicate mineral. Its
space group is C2/m, with cell parameters: a = 5.209, b = 9.011, c = 10.149, α = γ = 90◦,
β = 100.77◦. Basic parameter set: ultralight pseudopotentials and BFGS algorithm were
used. The self-consistent accuracy was set to 2 × 10−6 eV/atom, interatomic forces at
0.05 eV/atom, the internal stress convergence threshold for interatomic interactions at
0.1 GPa, the maximum atomic displacement convergence threshold at 2 × 10−4 nm,
and a maximum of less than 1000 iteration steps. All calculations were performed in
reciprocal space.

The lithium mica crystal cell was geometrically optimized, comparing the single-
point energy and structural parameters under different computational conditions to deter-
mine the best computational simulation parameters, focusing on the analysis of exchange-
correlation functionals, k-point sampling density, and cutoff energy. Initially, under the
exchange-correlation function GGA-PBE, tests were conducted on k-point sampling density
and cutoff energy, as shown in Figure 1. The results indicate that when the k-point sampling
density exceeds 4 × 4 × 3, the energy change in the crystal cell model is minimal, making
this parameter appropriate. When the cutoff energy exceeds 380 eV, its impact on the
crystal cell energy is small, and the total energy of the crystal cell tends to stabilize, thus
the optimal cutoff energy parameter for calculation is 380 eV.

The cell parameters and single-point energies of Lepidolite-1M were investigated
using different exchange-correlation functionals, with the results presented in Table 1. The
cell parameters are as follows: a = 5.209 Å, b = 9.011 Å, c = 10.149 Å. Analysis of the results
in Table 1 reveals that the cell parameters obtained through geometrical optimization using
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GGA-PBE exchange-correlation generalized functionals most closely match the reference
values. Consequently, GGA-PBE exchange-correlation generalized functionals are selected
for the structural optimization and property calculations of lithium mica.
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Figure 1. (a) Results at different k-point sampling densities; (b) Results at different cutoff energies.

Table 1. Lepidolite-1M cell parameters calculated with different exchange-correlation floods.

Exchange Functions a/Å b/Å c/Å β/◦ Difference/%

GGA-PBE 5.2026 8.9795 10.1856 100.4217 0.2778
GGA-PRBE 5.2036 8.7835 10.1784 100.3992 0.9730
GGA-PW91 5.2009 8.9757 10.1930 100.4144 0.3268
GGA-WC 5.1967 8.9670 10.2106 100.4027 0.4436

GGA-PBESOL 5.1999 8.9736 10.1976 100.4205 0.3562
LDA-CA-PZ 5.1552 8.8965 10.3716 100.3177 1.4988

The optimized crystal cell parameters of Lepidolite-1M are a = 5.1785 Å, b = 8.9838 Å,
c = 10.2442 Å, α = 90.00◦, β = 100.77◦, γ = 90◦. The XRD patterns of the optimized cell
model were compared with those of pure lithium mica minerals from the Yichun region of
China (Figure 2). The simulated XRD characteristic peaks essentially match those in the
detected spectrum. Therefore, the Lepidolite-1M model corresponds to the actual situation,
and the analysis of the model’s crystal structure properties can represent the characteristics
of the lithium mica mineral.
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2.2. Calculation of Surface Energy

The creation of a new surface in a material requires work to be performed by an
external force, breaking the chemical bonds between surface atoms and their neighbors.
Half of the work needed for this process is defined as the surface energy. The lower
the surface energy, the more stable the properties of the surface. The surface energy is
calculated according to Equation (1): [20]

Esur f =

[
Eslab − Nslab

Nbulk
·Ebulk

]
2A

(1)

In the formula, Esur f represents the surface energy (J/m2), Eslab is the total energy of
the surface structure (J/m2), Nbulk is the total energy of the mineral cell (J/m2), Nslab is the
number of atoms in the surface structure, Nbulk is the number of atoms in the optimized
mineral cell, and A denotes the area of the calculated surface (m2).

2.3. Surface Modeling

According to Frank C. Hawthorne et al., the (001) surface is the most stable surface of
Lepidolite-1M [11]. Therefore, this paper cuts the crystal cell along the Miller index (001)
direction after optimization. When the number of cut layers of Lepidolite-1M is 3 and the
vacuum layer thickness is 1.5 nm, the cut surface is sufficient to maintain stable surface
properties, and the interference between the top and bottom surfaces is minimal. If the
number of cut layers and vacuum layer thickness continue to increase, the stability of the
surface changes little, but the calculation time significantly lengthens. Therefore, this paper
chooses a (001) surface slab model with 3 cut cell layers and a vacuum layer thickness
of 1.5 nm. The optimized Lepidolite-1M crystal and the optimized Lepidolite-1M (001)
surface are shown in Figure 3.
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3. Calculation Results and Discussion
3.1. Lepidolite-1M Crystal Analysis
3.1.1. Mulliken Population Analysis

The atomic population results for Lepidolite-1M are shown in Table 2. As shown: In
Lepidolite-1M, the main positively charged atoms are Li, Al, K, and Si, while the negatively
charged atoms are O and F.
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Table 2. Mulliken population of atoms in lepidolite-1M.

Species s p d Total (e) Charge (e)

Li 2.00 0.31 0.00 2.31 0.70
O1 1.83 5.29 0.00 7.12 −1.12
O2 1.84 5.26 0.00 7.11 −1.11
O3 1.85 5.21 0.00 7.07 −1.07
F 1.95 5.70 0.00 7.65 −0.65

Al 0.50 0.91 0.00 1.40 1.60
Si 0.69 1.36 0.00 2.04 1.96
K 2.02 5.55 −0.02 7.55 1.45

As can be seen from Table 2, the positively charged atoms in Lepidolite-1M are
mainly Al, Si, K, and Li, and the negatively charged atoms are O and F. The optimized Al
atom’s valence electron configuration is Al 3s0.50p0.91, with the s orbital losing 1.50 units of
electrons and the p orbital losing 0.09 units, mainly in the 3s orbital, resulting in a charge
of 1.60 e for Al. The optimized Si atom’s valence electron configuration is Si 3s0.69p1.36,
with the s orbital losing 1.31 units of electrons and the p orbital losing 0.64 units, mainly
in the 3s orbital, resulting in a charge of 1.96 e for Si. The optimized K atom’s valence
electron configuration is K 3s2.023p5.553d−0.02, with a localized electron count of 7.55 e,
losing 2.45 electrons, and a charge of +1.45 e for K, indicating it is an electron donor,
primarily due to the removal of electrons from K’s d orbitals. In the optimized state, O
has three valence electron configurations; the first configuration is O2s1.832p5.29, where the
s orbital loses 0.17 electrons and the p orbital gains 1.29 electrons, primarily due to the p
orbital, resulting in a charge of −1.12 e, the second configuration is O2s1.842p5.26, where the
s orbital loses 0.16 electrons and the p orbital gains 1.26 electrons, with the main gain in the
p orbital, leading to a charge of −1.11 e, the third configuration is O2s1.852p5.21, with the s
orbital losing 0.15 electrons and the p orbital gaining 1.21 electrons, mainly in the p orbital,
resulting in a charge of −1.07 e. The valence electron configuration of the optimized F atom
is F 2s1.952p5.70. The s orbital loses 0.05 electrons, and the p orbital gains 0.70 electrons,
primarily in the p orbital, resulting in a charge of −0.65 e.

The closer the mineral Mulliken bond population value is to 0, the stronger the ionic
character of the bond; the closer to 1, the stronger the covalent character [21]. The bond
population of Lepidolite-1M is shown in Table 3.

Table 3. Mulliken population of bonds in 1M.

Bond Population Length (Å)

Li-O 0.08–0.11 2.101–2.118
Al-O 0.35 1.908–1.910
Si-O 0.59–0.73 1.588–1.648
F-Al 0.29 1.852
Li-F 0.10–0.11 2.085–2.095

As seen from Table 3, in the Lepidolite-1M crystal, Al-O, Si-O, and Li-F bonds have
different population values and bond lengths due to the complex structure of Lepidolite-
1M; the Li-O bond in Lepidolite-1M has the strongest ionic nature, making it more likely to
form ionic bonds, while the Si-O bond has stronger covalent character. Therefore, during
milling and flotation, the Li-O bond is most likely to break, followed by Li-F, F-Al, Al-O,
and lastly Si-O bonds. In the flotation process, the dissociation of the Lepidolite-1M surface
exposes K+ and [SiO4]−. As K+ dissolves in the slurry, the Lepidolite-1M surface becomes
negatively charged and readily binds with hydroxyl groups [22]. At the same time, due
to the high electronegativity of F on the surface of Lepidolite-1M, it replaces the hydroxyl
groups at the surface interface and enters the Lepidolite-1M lattice. The O on the Lepidolite-
1M surface also readily adsorbs electron-deficient groups in the solution to form hydrogen
bonds. Additionally, the relative density of multivalent metal cations and anions on the
mineral surface is relatively small, resulting in negative charges over a wide pH range and
a low zero charge point, consistent with the conclusions obtained in the literature [23].
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3.1.2. Energy Band Analysis

Calculated from Figure 4, it is known that the energy band gap width of Lepidolite-1M
is 5.506 eV, thus classifying Lepidolite-1M as an insulator.
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Figure 4. Energy band diagram of the Lepidolite-1M crystal.

Figure 5 shows the partial density of states for each atom of Lepidolite-1M and the
total density of states. From Figure 5, it is known that the energy bands of Lepidolite-1M
are mainly divided into five parts; the first part is between −44 and −41 eV, primarily
composed of Li’s s orbitals; the second part is between −28 and −26 eV, entirely composed
of K’s s orbitals; the third part is between −22 and −15 eV, mainly consisting of O and F’s s
orbitals, with Si and Al’s s and p orbitals also contributing slightly to this valence band; the
top valence band is mainly composed of O and F’s p orbitals, with a minor contribution
from Si and Al’s s and p orbitals; the conduction band level mainly includes contributions
from Si and Li’s s and p orbitals, with a small amount from Al. The electronic activity is
strongest near the Fermi energy level [24]. The p orbitals of O contribute the most to the
density of states near the Fermi energy level, making O the most active atom in Lepidolite-
1M, followed by F, Si, and Al. However, population analysis shows that Li+ and K+ dissolve
in water during flotation, and the Si-O bond is harder to break than the Al-O bond during
crushing and milling. Therefore, Al is the most probable positively charged active site on
the surface of Lepidolite-1M, and O is the most probable negatively charged active site on
the surface of Lepidolite-1M. Additionally, the population distribution indicates that there
are three different valence electron configurations of O in Lepidolite-1M, namely O1, O2,
and O3. From the partial density of states of these three types of O, it is evident that the
p orbitals of O3 contribute the most to the density of states near the Fermi energy level,
followed by O1’s p orbitals, and O2’s p orbitals contribute the least. Therefore, among these
three types of O, the activity decreases in the order of O3, O1, and O2.
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3.2. Surface Characterization of Lepidolite-1M (001)
3.2.1. Surface Energy of the Lepidolite-1M (001) Surface

The surface energy of the optimized Lepidolite-1M (001) surface is calculated according
to Formula (1), and the results are shown in Table 4. The surface energy of the constructed
Lepidolite-1M (001) surface is 0.9934 J/m2.

Table 4. The computational items of the surface energy of Lepidolite-1M(001).

Calculation Term Ebulk
/(10−19J)

Eslab
/(10−19J)

Eslab
Ebulk

2A
/(10−20m2)

Esurf

/(J m−2)

calculated value −11,806.15 −35,414.52 3 47.18 0.9934

3.2.2. Lepidolite-1M (001) Faceted Population Analysis

Due to the relative displacement of surface atoms and changes in coordination number,
the outer electrons of the atoms change, resulting in altered bond lengths. Table 5 presents
the Mulliken population distribution of surface atoms on the Lepidolite-1M (001) facet.
Compared to the bulk phase of Lepidolite-1M, the outer electrons of all surface atoms on
the Lepidolite-1M (001) facet, except for Li, O3 and F1, have changed. The valence electron
configuration of Al1 changes to Al3s0.50p0.90. Its s orbital remains unchanged, but the p
orbital loses 0.01 e more electrons than in the bulk phase, with a resulting charge of 1.6 e.
Si has only one type of valence electron configuration, Si3s0.703p1.36. Compared to the
bulk phase, its s orbital loses an additional 0.01 units of electrons with no change in the p
orbital, resulting in a charge of 1.94 e. The valence electron configuration of K changes to
K3s2.223p5.853d0.01. Compared to the bulk phase, its s orbital loses 0.2 units fewer electrons,
the p orbital loses 0.3 units fewer electrons, and the d-orbital loses 0.03 units fewer electrons,
resulting in a charge of 0.92 e. The valence electron configurations of the remaining five
surface O atoms are all different: O2s1.842p5.28, O2s1.852p5.26, O2s1.832p5.29, O2s1.862p5.21,
and O2s1.862p5.20. Compared to the bulk phase, the changes in surface O are minor; both
the s and p orbitals either gain or lose a small number of electrons or remain unchanged,
with the charge variation not exceeding 0.01 e.

Table 5. The atom Mulliken population of Lepidolite-1M (001) surface.

Species s p d Total (e) Charge (e)

Li1 2.00 0.31 0.00 2.30 0.70
Li2 2.00 0.31 0.00 2.30 0.70
O1 1.84 5.28 0.00 7.12 −1.12
O2 1.85 5.26 0.00 7.11 −1.11
O3 1.83 5.29 0.00 7.12 −1.12
O4 1.86 5.21 0.00 7.06 −1.06
O5 1.86 5.20 0.00 7.06 −1.06
F1 1.95 5.70 0.00 7.65 −0.65
Al 0.50 0.90 0.00 1.40 1.60
Si1 0.70 1.36 0.00 2.06 1.94
Si2 0.70 1.36 0.00 2.06 1.94
K1 2.22 5.85 0.01 8.08 0.92

According to Table 6, the bond population values for Li1-O and Li2-O bonds do not
change significantly, but the overall bond lengths increase, leading to weaker bonds. The
bond populations of Al1-O4 and Al1-O5 are both 0.33, with nearly equal bond lengths.
Compared to the bulk phase, the decrease in population values and increase in bond lengths
indicate enhanced ionic character. The bond populations for Al1-F1 and Li1-F1 do not change
significantly, but the latter’s bond length increases noticeably, indicating that Li-F bonds
exhibit stronger ionic character than Al-F bonds after cleavage. The bond population values
and lengths of Si-O bonds also change. Among the eight Si-O bonds, except for Si1-O2
and Si2-O2 being identical, the rest show slight variations in both population values and
lengths, similar to the variety of Si-O bonds in the bulk phase. This indicates that there is no
significant reconstruction of the surface Si-O bonds in Lepidolite-1M after cleavage. On the
surface of Lepidolite-1M, the Li1-O5 bond is most likely to break, followed by Li1-O1, Li2-O4,
Li1-F1, Al1-F1, and finally, the Si-O bonds. On the surface of Lepidolite-1M, Li-O bonds still
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maintain the strongest ionic character, while Si-O bonds retain the strongest covalent character,
consistent with the bulk phase. However, on the Lepidolite-1M (001) surface, the bond lengths
of Li-O bonds are longer compared to the bulk phase, with increased ionic character making
dissociation more likely. Robert et al. [25] indicated that the higher the bond-valence sum
received by the non-silicate O3 from its three adjacent cations (Al3+ and Li) at the octahedral
sites, the lower the bond valence exchanged within the hydroxyl, and therefore the lower the
wavenumber of the O-H stretching band. According to their investigations, the O-H bands
obtained by hydration of the Lepidolite-1M (001) facets modeled in this study under flotation
conditions belong to the TRI-7 band, which are due to a seven-charge environment (hydroxyl
bonded to Al+2Li). This results in lithium mica carrying a negative charge over a wide pH
range and having a very low point of zero charge. Consequently, the flotation effect of lithium
mica in the dodecylamine system is stronger than in the sodium oleate system, in line with
theoretical literature [26].

Table 6. The bond Mulliken population of Lepidolite-1M (001) surface.

Bond Population Length (Å)

Li1-O4 0.09 2.152
Li1-O5 0.08 2.163
Li2-O4 0.09 2.148
Li2-O5 0.10 2.157
Al1-O4 0.33 1.931
Al1-O5 0.33 1.938
Si1-O1 0.59 1.652
Si1-O2 0.58 1.660
Si1-O3 0.58 1.653
Si1-O4 0.76 1.579
Si2-O1 0.58 1.652
Si2-O2 0.58 1.660
Si2-O3 0.59 1.653
Si2-O5 0.76 1.576
Al1-F1 0.28 1.874
Li1-F1 0.10 2.166

3.2.3. Density of States Analysis of the Lepidolite-1M (001) Surface

Figure 6 shows the density of states (DOS) graph for the surface atoms of the Lepidolite-
1M (001) facet.
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According to Figure 6, the band structure of the Lepidolite-1M (001) surface is similar to
the bulk phase, mainly divided into five parts. Between −47 and −45 eV, it is composed almost
entirely of the s orbitals of Li1 and Li2. Between −34 and −32 eV, it is composed solely of the s or-
bital of K1. Between −20 and −26 eV, the bands are mainly composed of the s orbitals of F1, O1,
O2, O3, O4, and O5. Additionally, the s and p orbitals of Si1, Si2, and Al1 also contribute slightly
to this part of the valence band. The top part of the valence band is primarily composed of the p
orbitals of all surface O atoms and F1, with a minor contribution from the s and p orbitals of Si
and Al. In the conduction band energy levels between 0 and 20 eV, except for minimal participa-
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tion by surface O, all atoms contribute with their orbitals. Additionally, the p orbitals of F replace
those of O in contributing the maximum state density near the Fermi level, making F1 the most
active atom among the surface atoms of Lepidolite-1M (001). The five surface oxygen atoms con-
tribute differently to the state density near the Fermi level, indicating varied reactivities. The con-
tributions of these five oxygen atoms, in terms of state density near the Fermi level, are as follows:
O4 ≈ O5 > O3 ≈ O1 > O2, that is, the O in the alumina octahedron region > O near
Li ≈ surface O > O near Al.

3.2.4. Differential Charge Density Map of the Lepidolite-1M (001) Surface

Figure 7 shows the differential charge density map of the surface electrons of Lepidolite-
1M (001), where the red areas indicate electron depletion, blue areas indicate electron
enrichment, and white areas indicate almost no change in electron density.
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Figure 7. Lepidolite-1M (001) surface differential density charge of (a) O4-Al1-F1-Li2-O5, (b) Si1-O2,
Si2-O3, (c) Si1-O4, Si2-O5, K1, (d) K1, F1, O1, Li1.
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From Figure 7a, it is observed that the internal charge differential density of O4, O5,
and F1 is deep blue with the periphery being white. This indicates significant electron
enrichment and increased charge density in O4, O5, and F1, consistent with their high
electronegativity. The electron enrichment of F1 is weaker, aligning with the results of
Mulliken population analysis for the surface atoms of Lepidolite-1M (001); in the figure,
the charge density around Li2 is visibly lower than that around Al1, and the electron cloud
distribution in the Li2-F1 bond is not prominent, indicating that the ionic character of the
bond is higher than that of the Al1-F1 bond, with poorer stability compared to other bonds,
consistent with Mulliken bond population analysis. Figure 7b,c reveal a strong overlap of
electron clouds between Si-O atoms, displaying characteristics of covalent bonds, which
aligns with the Mulliken bond analysis results. In Figure 7d, the periphery of K1 is light
red, indicating a significant loss of electrons from K1 and their transfer to O1, consistent
with the poor electronegativity of K and its weak ability to bind valence electrons.

4. Discussion

Based on the above calculations, it is known that the positively charged active sites on
the surface of Lepidolite-1M are mainly Al. It is predicted that Lepidolite-1M easily interacts
with anionic collectors containing functional groups such as -COOH, -CONHOH, -OSO2H,
which readily undergo chemical reactions with Al. However, according to its density
of states, the activity of positively charged sites like Li and Al is low. Therefore, when
using such anionic collectors, their collecting performance may be poor. The negatively
charged active sites in Lepidolite-1M are O and F, and their activity is relatively high.
Thus, it is predicted that cationic collectors such as amine collectors, as well as metal ion
activators like Cu2+, can adsorb onto the Lepidolite-1M surface, mainly interacting with
the lithium-rich regions on the (001) surface of Lepidolite-1M. Due to the high activity of O,
cationic collectors are likely to exhibit better collecting performance, and metal ions may
demonstrate a more effective activation effect.

5. Conclusions

In this paper, density functional theory (DFT) is applied to the calculation of chemical
properties on the surface of lepidolite crystals in order to infer the flotation properties
of lepidolite by DFT. The energy band structure, layout, and density of states of an ideal
Lepidolite-1M crystal are analyzed by simulation. The surface energy, Mulliken population
analysis, partial density of states, and differential charge density were further calculated
for its most common (001) surface. The results are as follows:

(1) The band and state density analysis of Lepidolite-1M crystals indicates that the band
gap of Lepidolite-1M is 5.506 eV, which classifies it as an insulator. The bands are
mainly divided into five parts, with the p orbitals of O contributing most to the state
density near the Fermi level, making O the most active atom in Lepidolite-1M crystals
and the most likely negatively charged active site.

(2) State density analysis shows that the activity of several O atoms in the outer layer
of the silicate octahedron on the (001) plane differs, with their contribution to the
state density near the Fermi level in the order of: O in the alumina octahedron
region > O near Li ≈ outer O > O near Al.

(3) Differential charge density maps show alternating electron-deficient and electron-
rich sites on the (001) plane, but with varying degrees of electron gain and loss.
O and F in the lithium-rich region on the silicate octahedron show substantial electron
enrichment and increased charge density, consistent with their strong electronegativity.
Al and Li on the silicate octahedron show electron deficiency and significantly lower
charge density, with electron cloud distribution around Li less pronounced, indicating
stronger ionic nature of bonds and less stability compared to other bonds; meanwhile,
electron cloud overlap between Si-O atoms is stronger, showing characteristics of
covalent bonds.
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(4) Based on the mineral genetic characteristics, it is predicted that Lepidolite-1M will
readily interact with anionic collectors containing functional groups such as -COOH,
-CONHOH, -OSO2H, which easily react with Al, although the collection performance
may be poor. Cationic collectors such as amine collectors and metal ion activators
such as Cu2+ are predicted to adsorb on the surface of Lepidolite-1M and exhibit good
collecting and activating capabilities.
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