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4 ABSTRACT: Infrared dielectric properties of muscovite mica, one of the first van der Waals crystals, exfoliated on silicon and SiO2
5 substrates is studied using near-field nano-FTIR spectroscopy. The spectra of mica show strong thickness and wavelength
6 dependence down to the monolayer-scale, with a prominent broad peak centered around ∼1080 cm−1 assigned to stretching
7 vibrations of Si−O. We reveal that the infrared dielectric permittivity of mica is anisotropic, that is, has opposite signs along the in-
8 plane and out-of-plane axes, implying a Type I hyperbolic behavior in the range 920−1010 cm−1 and a Type II hyperbolic behavior
9 in the range 1050−1130 cm−1. Experimentally measured nano-FTIR spectra agree well with analytical model calculations based on
10 an extended finite dipole model for layered systems of the tip−sample interaction when the out-of-plane dielectric values (instead of
11 the in-plane dielectric values) were used in the calculations.
12 KEYWORDS: hyperbolic materials, mica, 2D materials, nano-FTIR, van der Waals materials

13 Since the isolation of monolayer graphene,1 numerous other
14 layered materials have been identified.2 These include,
15 transition metal dichalcogenides (TMDs) with the general
16 formula of MX2, where M is a transition metal atom (e.g., M =
17 Mo, W, Ta, etc.) and X is chalcogen (e.g., X = Se, S, Te)
18 forming layers above and below M, hexagonal boron nitride,
19 and black phosphorus. In addition to providing a unique
20 platform to discover exciting new physics, layered materials are
21 promising for applications in flexible optoelectronics.3 While
22 the list of metallic and semiconducting 2D crystals is growing
23 by the day, the list of insulating 2D crystals is still limited.
24 Muscovite mica, with the chemical formula KAl2(Al,Si3)-
25 O10(OH)2, is among the earliest known van der Waals (vdWs)
26 materials that can be exfoliated in high quality to large sizes
27 (>1 cm2) with atomic flatness.4,5 It can be prepared as a
28 monolayer through the exfoliation of natural muscovite.6,7 The
29 surface unit cell of bulk muscovite mica along the (001) crystal
30 plane harbors two K+ ions, when exfoliated (along the (001)
31 crystal face), only half the amount K+ ions per unit cell remain
32 to preserve surface charge neutrality. The K+ ions are tightly
33 locked in the interlayers, resulting in stronger interlayer force
34 in muscovite mica compared to the weak van der Waals forces
35 between layers in most other 2D materials. On the other hand,

36the surface K+ ions exposed during exfoliation of muscovite
37mica allow unique opportunities for novel surface chemistry
38due to their ability to exchange with different cationic species
39and ease of functionalization.8,9 Because the surface is
40atomically flat, muscovite mica is an excellent substrate for
41materials used in optoelectronics such as vdW flakes,7 self-
42assembled monolayers,10−13 and light-emitting devices,14,15

43and is used as a template to produce the active layer in organic
44solar cells.16 However, much of the optical properties of a
45monolayer to few layer mica remain unexplored.
46In this work, using a combination of mid-infrared scattering
47type scanning near-field microscopy (s-SNOM) and nano-
48FTIR, we perform near-field spectroscopy and imaging of 2D
49crystal muscovite mica down to the monolayer limit.
50Ellipsometry measurements enabled the extraction of the
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51 dielectric function in this spectral range, highlighting that the
52 infrared dielectric permittivity of mica along the ordinary and
53 extraordinary directions have opposite signs in the 920−1130
54 cm−1 range, thus, implying regions of both Type I and Type II
55 hyperbolic behavior. The thickness- and wavelength-dependent
56 IR spectra of muscovite mica exfoliated on either Si or SiO2
57 substrates enabled sensitive detection spectra of mica down to
58 the monolayer level, taking advantage of the SiO2 phonon
59 polariton enhanced resonant excitation. The in-plane and out-
60 of-plane dielectric values of mica extracted from ellipsometry
61 measurements were used to perform model calculations. Good
62 agreement of theoretical calculations with experimentally
63 measured nano-FTIR spectra were achieved when the out-of-
64 plane dielectric values from ellipsometry measurements were
65 used. With reduced loss, mica could provide a robust
66 hyperbolic material for large-scale nanophotonics applications.

67 ■ RESULTS AND DISCUSSION

68 A commercially available mica sample was used for this study.
69 We performed X-ray diffraction (XRD) measurements on the
70 sample using a Rigaku Smartlab X-ray diffractometer equipped
71 with a 9 kW Cu anode and collimating mirror producing Cu
72 Kα quasi-parallel X-rays. The sample was mounted and aligned
73 on an automated vertical goniometer, and diffraction spectra
74 were collected using a 1d high sensitivity Si strip detector.
75 XRD peak analysis and least-squares refinement were
76 performed to obtain lattice constants, phase orientation, and
77 average grain sizes. The mica sample was found to crystallize in
78 the hexagonal, Muscovite 3T phase with space group: P3112.
79 The sample is highly c-plane oriented with 7 orders of (00,l)
80 reflections observed in the XRD spectra. The spectra also show
81 that the sample has a high crystalline quality within the
82 textured grains. The refined lattice parameters obtained were
83 as follows: a = 5.1948 ± 0.0045 Å and c = 29.9735 ± 0.0001 Å.
84 These XRD spectra and a table containing a list of the
85 observed peaks, along with the indices, the computed peaks of
86 the least-squares refined structure, and differences, as well as
87 further XRD analyses can be found in Figure S1 and Table S1.

88A combination of s-SNOM and nano-FTIR is used to
89acquire topography, near-field images, and IR nanospectra on a
90muscovite mica sample prepared by mechanical exfoliation on
91 f1either Si or SiO2 substrates. The experimental setup ((Figure
92 f11a, neaspec co.) is based on a tapping mode AFM with a
93cantilevered metal-coated tip that oscillates at a resonance
94frequency of Ω ∼ 280 kHz and a tapping amplitude of ∼50
95nm. Either a coherent broadband infrared beam in the
96frequency range 700−2100 cm−1 (for nano-FTIR) or a
97monochromatic IR laser (for s-SNOM) is focused by a
98parabolic mirror to the tip. For the nano-FTIR operation, the
99backscattered near-field light from the tip−sample junction is
100detected via mixing with an asymmetric Fourier transform
101Michelson interferometer. This detection method enables
102recording of both the amplitude s(ω) and the phase φ(ω)
103spectra of the backscattered light. To extract background-free,
104local near-fields, the detector signal is demodulated at a higher
105harmonic nΩ of the tip mechanical resonance frequency Ω.
106Normalized amplitude (sn(sample)/sn(reference)) and phase
107(φn(sample) − φn(reference)) IR near-field spectra are
108acquired by first taking the reference spectrum on a reference
109area (silicon is used in these experiments), followed by taking
110spectra at desired positions of the sample. Figure 1b shows a
111representative optical micrograph of mica flakes exfoliated onto
112a SiO2 substrate, the rectangular box in black broken lines
113subtends a monolayer flake. Figure 1c,d shows AFM
114topography images of mica flakes on SiO2 and Si, respectively.
115Red and black lines in Figure 1e are corresponding line profiles
116taken on dashed lines on the Si substrate (black line) and SiO2
117substrate (red). While we could exfoliate a monolayer (height
118∼ 1 nm) flake on SiO2 substrate,

7 the thinnest flake we could
119exfoliate on Si had a height of ∼4 nm.
120The dielectric function of muscovite mica at mid-IR
121frequencies is necessary to understand its spectroscopic
122response, yet has not been reported previously. Thus, we
123performed ellipsometry measurements in the mid-IR frequency
124range, using an IR-VASE ellipsometer (J. A. Woollam Co.,
125Lincoln, NE). The substrate was mounted on a precision
126rotation stage, and a data set was acquired after the substrate

Figure 1. Optical micrograph and AFM topography images of exfoliated muscovite mica flakes. (a) Schematics of the nano-FTIR setup. (b) Optical
image of exfoliated mica on SiO2, Topography and of 4 nm thick mica on Si (c) and 1 nm thick mica on SiO2 (d) and corresponding height line
profiles (e). Scale bars in (c) and (d) are 1 μm.
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127 was rotated to 5 different rotational positions around the
128 sample normal −0° (initial position), 45°, 90°, 135°, and 180°.
129 Each data set included of data at incident angles of 45°, 60°,
130 and 75°. All data sets were acquired at a spectral resolution of 8
131 cm−1. After the measurement, the data were fit to a biaxial
132 substrate model using standard numerical analysis methods
133 similar to those described by Jellison17−19 and Herzinger.20

f2 134 Figure 2a,b shows the real and imaginary parts of the dielectric

135 functions, respectively, extracted from ellipsometry along the
136 in-plane and out-of-plane directions (with respect to the
137 sample plane). To produce the in-plane component of the
138 dielectric function, we averaged the dielectric data for the in-
139 plane X- and Y-axes values. This is because the difference
140 between the X- and Y-axes dielectric data is insignificant (see
141 SI, Figure S2) owing to polycrystalline (with z-axis aligned)
142 nature of the sample. The real and imaginary permittivity
143 values plotted in Figure 2 for the in-plane (εI, red curve) and
144 out-of-plane (εz, black curve) components clearly display
145 anisotropy. Notably, Re(εz) < 0, Re(εI) > 0 in the frequency
146 range 920−1010 cm−1 (excluding the range 930−955 cm−1)
147 and Re(εI) < 0, Re(εz) > 0 in the frequency range 1050−1130
148 cm−1. This implies that mica is a hyperbolic material (Type I in
149 the range 920−1010 cm−1 and Type II in the range 1050−
150 1130 cm−1), this is because the in-plane and out-of-plane
151 components of its dielectric permittivity have opposite signs in
152 these frequency ranges. This behavior adds mica to the list of
153 natural hyperbolic materials in the infrared.21−23 The
154 imaginary parts of the permittivity curves shown in Figure
155 2b represent dissipation of optical energy accompanying this
156 anomalous optical hyperbolic behavior. These imaginary parts
157 are relatively small in comparison with highly lossy metallic
158 plasmonic materials, but are a factor of 271 at 800 cm−1 (Mica
159 Im(εz)/ hBN Im(εz)) and a factor of 32 at 1075 cm−1 (Mica
160 Im(εz)/hBN Im(εz)) times larger compared to hBN, another

161exfoliable hyperbolic material in the infrared.24,25 We note that
162the real part of permittivity ratio of mica to hBN is much
163smaller than the imaginary part ratio (0.38 at 800 cm−1 (Mica
164Re(εz)/ hBN Re(εz)) and a factor of 0.04 at 1075 cm−1 (Mica
165Re(εz)/ hBN Re(εz)) which implies an overdamped system.
166These experimentally acquired real and imaginary dielectric
167functions will be used to elucidate near-field spectra and
168hyperbolic response of mica, the role of thickness and
169substrate.
170When the out-of-plane dielectric function is used in the
171extended finite dipole model, the calculated spectra fit
172experimental nano-FTIR spectra very well. This is evident in
173Figure 2c,d, where the nano-FTIR experimental spectra (blue
174line) are compared with tip−sample near-field interaction
175analytical model calculations using the in-plane (red line) and
176out-of-plane (black line) dielectric data from Figure 2a,b. The
177normalized near-field nano-FTIR amplitude (Figure 2c) and
178phase (Figure 2d) spectra were acquired by taking broadband
179spectra on a 40 nm mica flake and normalized them to a
180spectra taken at a reference point on the Si substrate
181surface.26,27 The calculations were performed by modeling
182the tip−sample near-field interaction based on a multilayer
183finite dipole model28 in which the tip is approximated as an
184ellipsoid of length of 600 and 30 nm apex radius. The tip is
185illuminated by the infrared beam at an angle of 30° relative to
186the sample plane and the scattered signal is collected by the
187detector, providing amplitude and phase spectra, sn(ω) and
188φn(ω)

29 via higher-harmonic signal demodulation. The details
189of the model are presented in the methods section and in refs
19026, 28, 30, and 31. The nth harmonic of the electric field
191component of the scattered light is written as En = Sneiφn ∝ (1 +
192rp)2αeff(β)Einc, where rp is the far-field Fresnel reflection
193coefficient of the sample,29 the incident electric field, and
194αeff(β), the effective polarizability,30 which contains the near-
195field interaction between tip and sample. The quasi-static near-
196field reflection coefficient, β, is a function of the frequency-
197dependent dielectric function, ε(ω), of the sample (see
198Methods for the equation for β with a multilayer model). It
199is clear from Figure 2c,d that only when the out-of-plane axis
200dielectric data are used in the calculation that we reproduce the
201experimental near-field nano-FTIR amplitude and phase
202spectra. The experimental spectra shown in blue solid lines,
203amplitude (Figure 2c) and phase (Figure 2d), fit reasonably
204well with the extended finite dipole model calculations that
205uses the out-of-plane dielectric data as shown in black solid
206lines. The model calculations performed using the in-plane
207 f3dielectric function (red solid lines in Figure 3c,d) significantly
208deviate from the experimental spectra. This is because light
209focused on the metalized tip is mainly enhanced along the tip-
210axis, perpendicular to the sample surface, and probes the
211sample largely in the out-of-plane direction, which is then
212scattered by the tip and detected. The small deviation of the
213theoretical phase spectra from the experiment (Figure 2d) may
214be due to the tip probing both components (in-plane and out-
215of-plain) in some proportion instead of exclusively the out-of-
216plane component, as assumed in the calculation.
217In Figure 3a we show representative images of topography
218and monochromatic s-SNOM amplitude (b, d, and f) and
219corresponding phase (c, e, and g) images of muscovite mica
220exfoliated on a Si substrate taken at three selected excitation
221laser frequencies (1030, 1075, and 1175 cm−1). Additional
222monochromatic images at several other excitation frequencies
223are shown in Figure S3. The excitation frequency of 1075 cm−1

Figure 2. Ellipsometry and nano-FTIR spectra of muscovite mica.
Mid-infrared dielectric function is extracted from far-field ellipsometry
measurements of muscovite mica. Real (a) and imaginary (b) parts of
the permittivity of the in-plane (red curves) and out-of-plane (black)
components as a function of excitation frequency are provided.
Extended finite dipole model calculation of near-field amplitude S2 (c)
and phase φ2 (d) spectra performed by using the in-plane (red
curves) and out-of-plane (black curves) permittivity. Nano-FTIR
experimental spectrum taken on 40 nm mica flake on Si substrate is
shown in blue in (c) and (d) for comparison.
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224 is of particular interest since it is in the hyperbolic polaritonic
225 range (1050−1130 cm−1) of mica. However, the amplitude/
226 phase images do not display the characteristic interference
227 fringes that are the hallmark of polaritonic propagating modes.
228 We attribute this lack of propagating modes to large losses.32

229 The amplitude contrast between mica and Si is inverted at
230 1030 cm−1 due to the large negative Re(εI) that enables the
231 normalized amplitude of mica to be larger than unity, whereas
232 wavenumber at 1030 cm−1 and larger give mica amplitude
233 contrasts smaller than unity resulting darker profiles than the
234 surrounding Si. To understand the full wavelength and
235 thickness dependent IR optical characteristics, we took nano-
236 FTIR spectra on varying thickness flakes of muscovite mica
237 (thickness ∼ 4, 7, and 40 nm) on a Si substrate. Silicon is a
238 choice substrate for this purpose, since its spectra is featureless
239 in the mid-IR spectral region. In Figure 3h,i we show the
240 experimental normalized amplitude and phase spectra,
241 respectively. Experimentally, these spectra were obtained by
242 normalizing the broadband spectra taken on the mica flake to
243 spectra collected from a reference point on the Si substrate
244 surface.26,27 The calculation results shown in Figure 3j,k were
245 performed using the extended finite dipole model calculation
246 in which the out-of-plane dielectric function of mica extracted
247 from ellipsometry measurements (as described above) were
248 used to achieve the near-field amplitude and phase spectra of
249 varying thicknesses of muscovite mica exfoliated on Si
250 substrate in the frequency range 750−1300 cm−1. Both the
251 experimental amplitude and phase spectra show similar
252 appearances for different layer thicknesses; however, the signal
253 level becomes progressively smaller with decreasing thickness
254 due to a smaller probed volume. The phase spectra show a
255 prominent broad peak around ∼1080 cm−1. The calculations
256 reproduce the essential features of the experimental amplitude
257 and phase spectra in peak positions and displays thickness
258 dependence signal intensity similar to experimental observa-

259tions. The broad, strong band between 980 and 1200 cm−1

260centered around ∼1080 cm−1 is due to stretching vibrations of
261Si−O, which is in better agreement with several reported
262data.33−35 The shoulder at 831 cm−1 is due to the stretching
263Al−O mode, whereas the band near 920 cm−1 is tentatively
264assigned as a mixed modes arising from Al−OH stretch, Al−
265O−Al vibration, and Si−O−Si and Si−O−Al stretching
266vibrational modes.33−37

267We took infrared nano-FTIR spectra of heterostructures of
268various thicknesses of muscovite mica exfoliated on SiO2. We
269chose SiO2 as a supporting substrate because of its strong
270phonon resonance absorption peak that partially overlaps with
271mica that may enable phonon−polariton-enhanced IR spec-
272troscopy. In addition, unlike Si, SiO2 substrate enables facile
273exfoliation of thin layers of mica down to a monolayer. To
274investigate the property of hyperbolic modes in mica exfoliated
275 f4on SiO2, we took topography (Figure 4a) and near-field

276amplitude (Figure 4b,d) and the corresponding phase (Figure
2774c,e) images at two excitation laser frequencies (1040 and
2781175 cm−1). We did not observe propagating modes; however,
279we observed an enhanced polaritonic signature in the near-field
280images taken at the hyperbolic spectral range (∼920−1130
281cm−1). For example, as shown in Figure 4b, the amplitude and
282phase images taken at 1040 cm−1 show enhanced signal at the
283topographic steps at different heights, whereas such signatures
284are lost at 1175 cm−1, which is outside the hyperbolic range
285(see Figure S4 for more monochromatic images at other
286excitation frequencies). Similar to the discussion following
287Figure 3, the absence of clear propagating modes here is also
288attributed to the weak polaritonic behavior of mica and large
289losses. In Figure 4f,g we show the experimental amplitude and
290phase spectra of exfoliated mica down to a monolayer on SiO2
291substrate taken in the IR range (750−1280 cm−1). The

Figure 3. s-SNOM images and nano-FTIR of mica on Si substrate.
(a−g) Topography, third harmonic near-field amplitude, and phase
images at three different frequencies of 55 nm mica flake on Si. Near-
field experimental nano-FTIR amplitude S2 (h) and phase φ2 (i)
spectra at different thicknesses. Calculated nano-FTIR amplitude S2
(j) and phase φ2 (k) spectra.

Figure 4. s-SNOM images and nano-FTIR of mica on SiO2 substrate.
(a) Topography image of the mica flake. (c−e) Third harmonic near-
field amplitude and phase images of the flake in (a) at two different
frequencies. Near-field experimental nano-FTIR amplitude S2 (f) and
phase φ2 (g) spectra at different thicknesses. Calculated nano-FTIR
amplitude S2 (h) and phase φ2 (i) spectra.

ACS Photonics pubs.acs.org/journal/apchd5 Article

https://dx.doi.org/10.1021/acsphotonics.0c00951
ACS Photonics XXXX, XXX, XXX−XXX

D



292 heterostructure spectra intensity significantly depends on the
293 thickness of the mica layer. As the thickness of the mica
294 decreases, the signal level for all the spectra features arising
295 from the top mica layer (discussed above) progressively
296 decreases, while the known broad peak of SiO2 centered
297 around ∼1180 cm−1 in the phase spectra increases in intensity.
298 We observe a spectral signature of a monolayer thickness. This
299 is evident when comparing the blue and red curves in Figure
300 4g; the weak shoulder at 1080 cm−1 is a clear indication of
301 absorption coming from ∼1 nm thick mica (see Figure S5,
302 zoomed in plots of the phase spectra for 0, 1, and 3 nm for
303 better comparison). This is because of substrate-enhanced
304 absorption due to the combined polaritonic behavior of both
305 mica and SiO2 in these IR frequency ranges. Furthermore, for a
306 mica flake as thick as 310 nm, we see through it a signature of
307 the SiO2 spectral signature (see Figure S6), possibly due to the
308 polaritonic behavior of both mica and SiO2. These
309 experimental trends are reproduced faithfully in intensity
310 changes with thickness and peak positions by the extended
311 finite dipole model calculations (Figure 4h,i) performed using
312 the dielectric function of muscovite mica (as described above)
313 and of SiO2 from literature.38

314 ■ CONCLUSION
315 We investigated the infrared optical properties of the
316 muscovite monolayer to multilayer mica by a combination of
317 ellipsometry and s-SNOM/nano-FTIR experimental measure-
318 ments and analytical calculations based on the extended finite
319 dipole method. The dielectric function of muscovite mica in
320 the mid-IR frequencies was extracted from ellipsometry
321 measurements along the in-plane and out-of-plane axes (with
322 respect to the sample plane). These measurements show that
323 mica is a hyperbolic material having the in-plane and out-of-
324 plane components of its dielectric permittivity opposite signs
325 in the IR frequency range 920−1130 cm−1, displaying weak
326 Type I and Type II hyperbolic behavior. Near-field nano-
327 imaging experiments did not find interference fringes of
328 propagating modes expected from polaritonic medium, which
329 may be due to the weak polaritonic behavior of mica and large
330 losses. The extended finite dipole model calculations
331 reproduce the essential features of the experimental amplitude
332 and phase spectra in peak positions and thickness dependence
333 signal intensity when the out-of-plane axis dielectric data is
334 used in the calculations. The prominent broad peak in the
335 phase spectra centered around ∼1080 cm−1 is assigned to
336 stretching vibrations of Si−O, and the shoulder peak at 831
337 cm−1 is due to the stretching Al−O mode; the band near 920
338 cm−1 is tentatively assigned as a mixed mode arising from the
339 Al−OH stretch and Al−O−Al, Si−O−Si, and Si−O−Al
340 stretching vibrational modes.

341 ■ METHODS
342 Extended Finite Dipole Model For Layered Systems.
343 The theoretical approach is based on the finite dipole model
344 and its extension to the layered system in which amplitude (Sn)
345 and phase (φn) are calculated by scattered emission:

α= ∝ +φE S e r E(1 )n n
i( )

p
2

eff incn
346 (1)

347 In eq 1, for mica flake on SiO2 on Si, rp is the reflection
348 coefficient for four layers (layer 1 is the surrounding medium,
349 layer 2 is mica with a thickness d1, layer 3 is SiO2 with a
350 thickness d2, and layer 4 is Si) that can be calculated from a

351multilayer Fresnel reflection coefficient for p-polarized light
352given by39,40

ω = + +
+ +r q

r r ik d d
r ik d d

( , )
exp(2 ( ))

1 exp(2 ( ))
a z

b z
p

12 1 2

1 2 353(2)

354where ra and rb can be calculated as

= − + − +r r r r ik d r ik d rexp( 2 ) exp( 2 )a z z12 23 34 1 23 2 34 355(3)

= − + − +r r r ik d r r ik d r rexp( 2 ) exp( 2 )b z z23 34 1 12 23 2 12 34
356(4)

357rij is a single interface Fresnel reflection coefficient:40
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2 2 .41 In eq 1, αeff is the effective

360polarizability. Equations 6−15 give us the effective polar-
361izability, which is described in ref 30. L is the effective length of
362the tip, Rt is the tip curvature radius, which is 20 nm, C is the
363height-independent constant with Q0 = Rt

2E0, which is the total
364amount of the polarization charge induced in the tip in the
365absence of sample, which is described in ref 28, and H is the tip
366and sample distance.
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373β is the quasi-static, near-field reflection coefficient given by39

β
β β

β=
+ − +

+ − +
q d d

q d d
exp( 2 ( ))

1 exp( 2 ( ))
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375where βa and βb can defined as

β β β β β β= + +qd qdexp(2 ) exp(2 )a 12 23 34 1 23 2 34 376(13)

β β β β β β β= + +qd qdexp(2 ) exp(2 )b 23 34 1 12 23 2 12 34 377(14)

378The electrostatic reflection coefficient βij is defined by39

β
ε ε
ε ε=

−
+ij

j i

j i 379(15)

380For further comparisons and details on the finite dipole model
381and the extended finite dipole model for layered systems, see
382the SI.
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(35)550 Smrcǒk, L. u.; Rieder, M.; Kolesnikov, A. I.; Granroth, G. E.
551 Combined inelastic neutron scattering and solid-state density
552 functional theory study of dynamics of hydrogen atoms in muscovite
553 2M1. Am. Mineral. 2011, 96, 301−307.

(36)554 Singha, M.; Singh, L. Vibrational spectroscopic study of
555 muscovite and biotite layered phyllosilicates. Indian J. Pure Appl. Phys.
556 2016, 116−122.

(37)557 Redhammer, G. n. J.; Beran, A.; Schneider, J.; Amthauer, G.;
558 Lottermoser, W. Spectroscopic and structural properties of synthetic
559 micas on the annite-siderophyllite binary: Synthesis, crystal structure
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