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In soils, various solid silica (Si) species exhibit different weathering behaviors and
surface reactivities, which are among other characteristics related to the
crystallinity of the silicate tetrahedral network. Amorphous species exhibit
faster weathering and generally possess a larger specific surface area in
comparison to crystalline species. However, the characterization of these
different species is commonly based on wet chemical extraction methods,
which lack selectivity. While Fourier transform infrared spectroscopy (FTIR) in
the mid-infrared range can differentiate between short-range ordered
aluminosilicates (SROAS) and pure amorphous silica (ASi), few systematic
studies are found on the IR spectral features that distinguish solid Si species
by crystallinity. This study aims to identify FTIR absorption bands that can
differentiate Si species based on their crystallinity. Our data clearly indicate
that ASi can be distinguished from very crystalline silica (quartz) and sea sand.
The absorption band at approximately 800 cm−1 in the FTIR spectra allows
determining the degree of crystallinity of the studied ASi species since the
band becomes smaller and the band maximum shifted toward lower
wavenumbers with increasing degree of crystallinity. Hence, FTIR spectra may
be used to differentiate certain Si species in complex samples like soils, allowing
the estimation of weatherability and surface reactivity of those species.
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1 Introduction

Growing evidence suggests that silica (Si) can have a significant impact on ecosystem
processes such as nutrient availability, water retention (Schaller et al., 2020), and crop
productivity (Katz et al., 2021; Schaller et al., 2023), as well as ecological cycles (Schaller
et al., 2021). However, for those effects, several forms of Si are relevant. In terrestrial
environments, silicon occurs in a variety of solid compounds including crystalline minerals
(e.g., quartz and feldspars), short-range ordered species (e.g., imogolite and allophanic
minerals), and amorphous silica of biogenic or minerogenic origin. The weathering of these
solids releases dissolved silicon into the solution and strongly differs between these minerals
(Schaller et al., 2021). In solution, silicon exists in a dynamic equilibrium of monomeric and
polymeric silicic acid controlled by solution pH, silicic acid concentration, and ionic
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strength of the solution (Dietzel, 2002). The differences in
weatherability among various forms of silica, originating from
factors such as crystallinity and specific surface area, necessitate
their distinct identification in terrestrial samples. Therefore,
analytical methods are required to characterize Si species that
differ in crystallinity and potentially enable quantification.
However, the common analytical methods that are based on wet
chemical extraction procedures are not entirely selective, and thus
an exclusive quantification of the target Si species alone remains
elusive (Stein et al., 2024). The term crystallinity is used to describe
the degree of regularity of the silicate tetrahedron network (regular
and periodic arrangement). The crystallinity increases from
amorphous via short- toward long-range ordered silicates (Liu
et al., 2022).

More recently, Fourier transform infrared spectroscopy (FTIR)
analyses were successfully applied to distinguish between short-
range ordered aluminosilicates (SROAS) and pure amorphous silica
(ASi) (Ellerbrock et al., 2022). Other studies indicate the difference
between quartz sand and ASi like glasses (McMillan and Piriou,
1983; Liu et al., 2022), the latter by using Raman spectroscopy.
Additionally, Gunde (2000) interpreted FTIR data by using energy-
loss functions to determine crystal symmetry-based vibrational
modes of ASi species and quartz. However, few systematic
studies are found on the relation between infrared (IR) spectral
features and how they can be used to differentiate between solid Si
species differing in the crystallinity of the Si tetrahedral network.

In the SiO4 tetrahedron (Figure 1A), various stretching and
bending modes can be excited by infrared light. These modes can

roughly be distinguished into bond compression/extension (Figures
1B–D) modes and bond angle deflection modes [Figures 1E, F;
Gottwald and Wachter (1997); Hesse et al. (2005)], which can
appear asymmetric or symmetric.

If SiO4 tetrahedrons are part of a larger Si network comprising
irregular or regular arrangements of the Si tetrahedral units, slightly
different energies are required for the valence/deformation
vibrations induced by IR light (Ren et al., 2017; Liu et al., 2022).
Consequently, most of the absorption bands appear at different
wavenumbers (WNs) depending on the degree of crystallinity of the
silicates (Laudisio et al., 1998; Ren et al., 2017; Liu et al., 2022). Note
that in spectra of mineral mixtures, the absorption bands of
individual components behave additively (Gottwald and Wachter,
1997). Additionally, differences caused by the degree of crystallinity
may be utilized for silica species that show characteristic FTIR
spectral features to potentially estimate the proportion of these
different species (here different in the crystallinity) in mixtures,
as described by Ji et al. (2009) for dolomite or by Ichikawa et al.
(2022) for crystalline silica in workplace air. Characteristic bands in
FTIR spectra are, for example, usable for quantifying the amount of
quartz particles (DGUV-213-582-2016 2015).

FTIR spectra of minerals like opal and quartz as well as those of
volcanic glasses like obsidian showed specific absorption bands
reflecting differences in the crystallinity of the Si species
(Banerjee, 1993; Laudisio et al., 1998). The most significant
spectral regions regarding Si and their accompanying shoulders
(1,200–1,000 cm−1) are attributed to internal, asymmetric stretching
vibrations of Si-O-Si (ν Si-O). A broadening of this envelope may

FIGURE 1
(A) SiO4 tetrahedral structure and potential vibrationmodeswithin the Si-O-Si bonds, (B) internal Si-O stretching within the tetrahedron, (C) intra-Si-
O stretching along Si-O-Si bonds with the O bridging two tetrahedra, (D)O-H stretching in the SiO3OH tetrahedron, (E) internal O-Si-O bending, and (F)
intra bending modes of the Si-O-Si bond, as suggested by Fröhlich (2020) as well as schemes indicating the negatively charged oxygen atoms in (G) a
silicate monomer, (H) a silicate dimer, and (I) a silicate polymer.
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account for a lower internal order of the Si species (Stein et al., 2020).
In case of SiO4 tetrahedra units bearing uniform Si-O bonds
—forming a threefold axis of symmetry along each Si-O
bond— FTIR spectra will show a relatively sharp ν Si-O band of
high intensity. However, the symmetry of the tetrahedron is
disrupted when the oxygen (O) atoms in the Si-O bonds of the
SiO₄ tetrahedra serve as bridges to another SiO₄ unit (bridging
oxygen; Figures 1H, I) or interact with a hydrogen atom or another
oxide unit (non-bridging oxygen; Figures 1A, G). In turn, the ν Si-O
band in FTIR increases with a decrease in the intensity (Laudisio
et al., 1998). In general, the intensity of the absorption bands is
related to the amount of the sample [Beer–Lambert law; Gottwald
and Wachter (1997)]. For most Si-O species, the ν Si-O absorption
band between 1,200 and 1,000 cm⁻1 is the most intense. In silica with
a uniform SiO₄ tetrahedral network, this band appears within a
narrow wavenumber range, allowing it to be used as an internal
reference for comparison. The ratio between the ν Si-O-Si (quartz)
band and the ν Si-O band in a mineral mixture can indicate, for

example, variations in quartz content. The intensity of the bands can
be quantified by measuring the vertical distance from the peak of
each band to the global baseline, using the height of the band
maxima, as described by Kaiser et al. (2008) for the specified regions
in Table 1. Calibration by using known mixtures should allow
quantifying the quartz content in the mixtures. The band at
450 to 500 cm−1 is assigned to Si-O bending vibrations (δ Si-O)
within the Si tetrahedron (Van der Marel and Beutelspacher, 1976;
Laudisio et al., 1998). The WN of the δ Si-O band maximum is
affected by the tetrahedral O-Si-O bonding angle, and such varies
between 470 and 487 cm−1 with the type of the silica crystallization
[Table 1, e.g.; Farmer (1974); Van der Marel and Beutelspacher
(1976)]. The δ Si-O band maximum is shifted toward lower WN in
the FTIR of QS (464 cm−1) that shows a higher degree of crystallinity
(Liu et al., 2022). In a comparable manner, the WN of the ν Si-O-Si
band maxima (assigned to the asymmetric Si-O stretching mode of
bridging O) depends on the Si-O-Si bonding angle such that it also
varied significantly for the different silica species of (soil) minerals

TABLE 1 Assignment of the absorption bands in the WN region from 1,200 to 400 cm−1 in FTIR spectra of different silica, glasses, and soil minerals toward
defined stretching and bending modes. The bold letters indicate the WN range of each band in total, and the normal letters indicate the WN range of that
band for specific Si species (like glasses).

WN region; cm−1 Assigned group Remark

1,200 to 1000 ν Si-O: internal Si-O/asymmetric stretching Most intense band

1,088 For quartz Banerjee, (1993)

1,100 For opal (i.e., hydrated amorphous form of
silica)

Hernández-Ortiz et al. (2015)

1,040–1,110 For glasses Gucsik et al. (2004)

500–450 δ Si-O: internal O-Si-O bending Varies with crystallinity (Farmer, 1974)

800–740 ν Si-O-Si: intra Si-O-Si/symmetric stretching Si-O-Si bonding angle varies significantly with the degree of crystallinity (Liu et al.,
2022)

800–790 For soil minerals Farmer, (1974)

769–745 For glasses Gucsik et al. (2004)

620 & 385 two bands δ Si-Ocrist: Si-O-Si in cristobalite Missing in spectra of opals (Šimon and McMahon, 1953; Wilson, 2014)

797 & 778 one band with twomaxima δ Si-Oquartz: Si-O-Si in quartz Banerjee, (1993)

TABLE 2 Silica studied by FTIR spectroscopy (own measurements), their description, specific surface area (SSA, m2 g−1), pH values of suspension in water
(pH/% silica per 100 mL of water), weight loss on drying at 105°C for 2 h (loss; %), and SiO2 content (SiO2; %) as well as origin or reference.

Si-O species Description SSA (BET) pH/
SiO2

Lost SiO2 Origin/references

- m2 g−1 -/% % % -

Quartz sand (ground <10 µm) Crystalline silica; SiO2 3.5A 6.5/20 <4 >90 Quartzwerke Weferlingen, Germany (Meloni et al.,
2012)

Sea sand (ground <10 µm) Heated crystalline silica; SiO2 3.5A 6.5/20 <4 >90 Roth, Germany

Silica gel (ground <10 µm) Pyrogenic silica; SiO2 750–800B - <4 >90 Merck, Germany (Christy, 2008)

Amorphous silica

Sipernat 320 Precipitated silica, SiO2 180 6.2/4% <7 97 Evonik

Aerosil 300 Pyrogenic silica; SiO2 270–330 3.7–4.5/4% 1.5 99.8 Evonik

Phytolite Biogenic silica; SiO2 290–400 6/4% <2 >90 Puppe and Leue (2018)
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[791–806 cm−1; e.g., Fröhlich (2020)] or glasses [745–769 cm−1;
Gucsik et al. (2004)].

In this study, we aimed to identify specific absorption bands in
FTIR spectra that can differentiate between Si species with different
degrees of crystallinity.

2 Material and methods

2.1 Fourier transform infrared analyses

The Sipernat 320 and Aerosil 300 samples were used as provided
by the manufacturer (white powders with particle sizes between
2 and 10 µm). These commercially amorphous silicas were chosen as
they are derived from different types of synthesis. Given their
relatively high specific surface area, these materials may also
serve as a potential source of silicon in soil when used as a
fertilizer. All samples (Table 2) were gently ground by hand in
an agate mortar for approximately 5 min to obtain a powder
(particle sizes between 2 and approximately 10 µm) and

subsequently analyzed using an IS20 FTIR spectrometer (Thermo
Fisher Scientific, Dreieich, Germany). Briefly, 2 mg of the sample
(quartz, sea sand, and mixtures of quartz with ASi) was mixed with
98 mg of KBr and finely ground by hand in an agate mortar. The
mixtures were dried for 12 h over silica gel in a desiccator to
standardize the water content and were then pressed into pellets.
The obtained KBr pellets of the minerals were analyzed in the
transmission mode. All spectra were recorded in three replicates at a
resolution of 1 cm−1 and 16 scans [=16 repetitions of a single spectra;
Ellerbrock et al. (1999)] to obtain the absorption spectra in a range of
wavenumbers between 4,000 and 400 cm−1. All spectra were
corrected against atmosphere as a background (Haberhauer and
Gerzabek, 1999), smoothed using box-car function (factor 55; Bio-
Rad Winirez software), and baseline-corrected.

2.2 Interpretation of FTIR spectra

The baseline-corrected spectra (Ellerbrock et al., 1999) were
analyzed for the WN and the intensity of absorption bands

FIGURE 2
WN1,300 to 400 cm−1 in FTIR spectra of finely ground quartz, synth. Cristobalite (Christob)*, bioticOpal CT (Biot. Opal)*, BaudresOpal (Baud. Opal)*,
Libyan desert glass (Lib. Glass)*, and biogenic amorphous silica (bASi)*, (B)WN region 900 to 420 cm−1 in FTIR of quartz (QS enlarged region of (A): reddish
line at the top), compared to spectra of QS and Chalcedony shown earlier by Banerjee (1993), and (C) comparing the FTIR of quartz–KBr mixtures with
75 mg in 300 mg KBR* and 2 mg in 98 mg KBr. *: adapted from Fröhlich (2020).
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characteristic for stretching and bending modes in the SiO4

tetrahedra. The characteristic absorption bands are caused by (1)
internal asymmetric Si-O stretching vibration appearing at WN
1200–1,000 cm−1 [ν Si-O (Banerjee, 1993; Gucsik et al., 2004;
Hernández-Ortiz et al., 2015)], (2) symmetric Si-O stretching
vibration (with the O bridging two SiO-tetrahedra) at WN 800 to
740 cm−1 [ν Si-O-Si (Farmer, 1974; Gucsik et al., 2004; Liu et al.,
2022)], and (3) O-Si-O bending vibrations atWN 500 to 450 cm−1 [δ
Si-O; Farmer (1974)]. When interpreting the spectra, we focus on ν
Si-O, ν Si-O-Si, and δ Si-O bands which were assumed to be mostly
affected by difference in the crystallinity of the studied Si species
(Farmer, 1974; Liu et al., 2022). The maxima of ν Si-O, ν Si-O-Si, and
δ Si-O bands were identified using an automated identification
procedure of the Bio-Rad Winirez software (Bio-Rad Corp,
Krefeld, Germany) as follows: the left and right limits of the WN
region characteristic for each band (Table 2; and references cited
therein) were used to construct so-called ‘‘def’’-files (offered by
Winirez) that were then applied within the automated Bio-Rad
Winirez procedure. The band of the hydroxyl groups at WN 3500 to
3,350 cm−1 (O–H band) was not interpreted since the shape and
intensity of the O–H band are affected by O-H groups present in soil
minerals and water.

In FTIR spectra of soil samples, the band at WN 3700 to
3,000 cm−1 is affected by OH groups of different soil constituents
(e.g., oxides/hydroxides of iron or manganese, water, clay
mineral, and organic matter). The bands of the different OH
groups are overlapping and are affected by the formation of
hydrogen bridges (Hesse et al., 2005). In consequence, they are

hard to assign to these specific soil constituents in FTIR spectra of
soil samples because of this and since treatments to destroy
organic matter or to remove iron oxides may affect the
structural aspects of the silica. Hence, we focus on Si-O bands
that show a lower tendency of overlapping.

3 Results and discussion

Our data clearly demonstrate that FTIR spectroscopy can be
used effectively to differentiate between crystalline silica, such as
quartz, and amorphous silica. The FTIR spectra of the finely ground
quartz sand (QS) (red line in Figure 2) are in accordance with the
one published by Banerjee (1993). While compared with the data
published by Fröhlich (2020), the intensity of ν-Si-O and δ Si-O-Si
bands seems to be lower for the QS we studied (Figure 2 red circle).
Such differences in band intensity can be explained by differences in
QS weight within the KBr pellet. Here, we used 2 mg per 100 g KBr,
while Fröhlich (2020) used 75 mg per 300 mg KBr. Because of the
high QS content in the KBr pellet, the Si-O-Si band in the QS FTIR
spectrum of Fröhlich (2020) shows an oversaturation of the detector
[red circle in Figure 2C; see also Hesse et al. (2005)].

Note that the FTIR of sea sand (SeaS; Roth company; Figure 3A:
gray line) as well as the silica gel and the phytolith did not show the
double band at approximately 799 cm−1 which was found in the
FTIR of QS. Additionally, the WN of the ν-Si-O band maximum
found for QS (1,088 cm−1) is shifted by approximately 20 cm−1 to
higher WN for the SeaS (1,115 cm−1; Figure 3A and Table 3).

FIGURE 3
FTIR in the WN region from 2,000 to 400 cm−1 of finely ground quartz sand (Quarzwerke Weferlingen, Germany) compared with (A) silica gel, a
phytolith (Puppe and Leue, 2018), and sea sand (Roth) and with (B) soil A (Holzendorf; Ellerbrock et al. (2016), soil B [Simmringen; Kaiser et al. (2016)], and
kaolin (Rosenthal).
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This finding suggests that the crystallinity of SeaS (Roth) differs
from that of QS, potentially due to the pretreatment process applied
to SeaS. The SeaS was treated with HCl to remove carbonates and
heated to 1,000°C to eliminate organic matter. This heating, in
particular, may alter the structural arrangement of the SiO₄ units in
this sand, leading to a more glass-like structure. This assumption is
in accordance to the fact that the FTIR spectra of the SeaS are
relatively similar to those of the Libyan desert glass (Figure 2,
greenish line) shown by Gucsik et al. (2004). This aligns with the
findings of Banerjee (1993), who observed that the shape and
intensity of the peaks between 800 and 780 cm⁻1 in the IR/FTIR
spectra gradually change from quartz to obsidian (glass) as
crystallinity decreases in the following order: quartz >
chalcedony > opal-CT > opal-A >> obsidian (volcanic glass). In
addition to that, with the change in intensity, a systematic shift is
noted for the ν-Si-O band maximum from 1,088 cm−1 for quartz to
1,160 cm−1 for Libyan Desert glass (Table 3; Fröhlich (2020). Note
the characteristic absorption bands atWN 630 to 610 cm−1 described
for cristobalite (Wilson, 2014, DGUV-213-582-2016 2015;
Hernández-Ortiz et al., 2015) were absent in the FTIR spectra of
opal, biogenic amorphous silica (bASi), and finely ground quartz
sand (Figure 2) and also in the FTIR spectra of amorphous silica
(ASi, Aerosil 300, and Sipernat 320) or phytolith (Figure 4).

To provide the context for the recorded spectra of silica in
comparison with soil samples, we incorporated the spectra of two
distinct soils shown in Figure 3B. The spectra of these soil samples
also display the characteristic double band at a wavenumber of

approximately 799 cm⁻1, albeit with reduced intensity. This
attenuation can be attributed not only to the presence of quartz
but also to organic matter and other inorganic components within
the soil, which interfere with and diminish the strength of the target
signal (Kaiser et al., 2016). It is also observed that the shape of the
band at wavenumbers 1,200–1,000 cm⁻1 (ν Si-O) in quartz differs
from that in the soil samples. The quartz band is notably sharp and
steep, whereas the bands in the soil are broader and more rounded.
This suggests the possible presence of different silica species in the
soils. Stein et al. (2020) demonstrated that the broadening of this
band could be attributed to a decrease in the internal order, i.e., a
reduction in crystallinity. This highlights the potential of this
method for differentiating silica forms based on their structural
characteristics.

According to Fröhlich (2020) and references therein, the FTIR of
bASi exhibits an additional band at 950 cm−1, which is assigned to Si-
OH bonds (Figure 4, brownish circle). The spectra of Sipernat (dark
gray line in Figure 4) like the spectrum of bASi [black line in Figure 2
Fröhlich (2020)] show Si-OH absorption bands at differing WN
972 and 962 cm−1, respectively. However, for biogenic Opal
(Figure 2) and Aerosil (Figure 4), the Si-OH band is missing in
the FTIR spectra. The absence of Si-OH bands in FTIR of Aerosil is
caused by its synthesis by pyrolysis, resulting in surfaces poor in OH
groups. The weak band at approximately 950 cm−1 in the FTIR
spectra of finely ground SeaS (Figure 3A blue arrow) can be
explained by its small particle size. With decreasing particle size,
the surface area increases, thereby increasing the number of Si-O

TABLE 3 WN (cm−1) of absorption bands in FTIR of opal, quartz, obsidian, and chalcedony (from Banerjee, 1993), as well as of biotic Opal CT, Baudres Opal,
Libyan glass’, cristobalite, and biogenic amorphous silica (Fröhlich, 2020). Bold letters indicate theWN of a bandmaximum, and italics letters indicating the
WN of a shoulder.

ν Si-O δ Si-O-H ν Si-O-Si δ Si-O References

SeaS-RE 1,115 912 800 - 460 Own findings

Quartz; <20 µm 1,169 1,084 794 778 693 460 Own findings

Quartz 1,088 799 780 694 464 Fröhlich, (2020)

Cristobalite 1,099 802 621 DGUV-213-582-2016 (2015)

Biot opal/OPAL-CT 1,103 791 475 Fröhlich, (2020)

Phytolith 1,100 960 793 469 Puppe and Leue (2018)

Baudres OPAL-CT 1,099 794 475 Fröhlich, (2020)

Opal-A 1,096 800 470 Fröhlich, (2020)

Synth Cristobalite 1,089 797 487 Fröhlich, (2020)

OPAL 1,116 780 Banerjee, (1993)

Chalcedony 800 780 Banerjee, (1993)

Desert glass 1,102 806 472 Fröhlich, (2020)

Obsidian 1,088 Banerjee, (1993)

Silica gel 1,154 1,096 984 804 Own findings

Sipernat 320 1,090 962 799 465 Own findings

Aerosil 300 1,169 1,097 805 465 Own findings

BaSi (phytolith) 1,100 800 468 Own findings

Quartz + phytolith 1,169 1,090 794 774 688 510 Own findings
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groups ending at the surfaces that will be saturated by H forming of
Si-OH groups (Farmer, 1974; Van der Marel and
Beutelspacher, 1976).

The differences in the intensity of the band at approximately
800 cm−1 (Figures 3A, 4) are in accordance with Banerjee (1993) who
stated that the shape and intensity of the peaks at 800 to 780 cm−1 in
the IR/FTIR spectra change gradually from quartz to Libyan glass
(Gucsik et al., 2004) or artificial glasses (Laudisio et al., 1998) as the
crystallinity decreases in the sequence quartz > chalcedony > opal-
CT > opal-A >> Libyan dessert glass.

Our data of amorphous inorganic silica fit into this sequence.
The band at approximately 1,600 cm−1 in FTIR of Sipernat 300
(Figure 4) and phytolith (Figure 4) indicates the presence of water
within the crystalline structure of these samples, caused by synthesis:
precipitation in aqueous solution. The WN of the δ Si-O-Si band
maxima in the spectra of Sipernat and Aerosil (799–805 cm−1) are in
a similar range as that of bASi (800 cm−1; Table 3), suggesting
similarities in the crystallinity.

Differences in the band intensities (Y-axis) indicate in general
differences in the contents of the respective functional groups but
are also affected by an extinction coefficient which is characteristic
for the studied components [Lambert–Beers law; Hesse et al.
(2005)]. Adapting the procedure that uses FTIR spectra to
quantify the quartz concentration in the air of working places
according to DGUV-213-582-2016 (2015) may therefore allow
estimating the proportion of different Si species in solid
mixtures. However, without knowing the extinction coefficients
of a certain sample, it is difficult to use the absorbance values
(Y-axis) for quantification purposes. Alternatively, the intensity of
the ν Si-O band at WN 1120 to 1,000 cm−1 can potentially be used as
an internal reference since for all studied Si species, it was the most
intense band in the FTIR. Such an intensity ratio between the δ Si-
Oquartz band and ν Si-O band may reflect the relative quartz content
in a quartz-phytolith mixture (Figure 5).

For this alternative, the heights of the ν Si-O and ν Si-O-Si
(quartz) band maxima can be calculated as a measure of the band
intensity using IR analytical software (e.g., Bio-RadWinirez Bio-Rad
Corp., Krefeld, Germany). Specifically, the height of the band

FIGURE 4
Wavenumber region from 1,800 to 400 cm−1 in FTIR spectra of a
phytolith (Puppe and Leue, 2018), Sipernat 320 (precipitated silica,
Evonik, Germany), and Aerosil 300 (a pyrogenic silica; Evonik,
Germany) adapted from Ellerbrock et al. (2022).

FIGURE 5
(A) FTIR atWN 850 to 400 cm−1 of quartz, Sipernat, and 1:1 as well as 1:2 phytolith and quartz-phytolithmixtures (dotted lines) showing the δ Si-Ophyt

and δ Si-Oquartz bands with their intensities relative to that of the ν Si-O band at 1,100 cm−1 and (B) height of those bands relative to that of the ν-Si-O band.
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maxima for these bands is measured as the vertical distance from the
peak of the band to the global baseline (Kaiser et al., 2008) within the
regions specified in Table 2. Comparison of FTIR spectra of
phytoliths and quartz (Figure 3A) indicates that the WN regions
of the ν Si-O band are nearly identical. FTIR of phytolith–quartz
mixtures indicate that the intensity of the quartz-derived ν Si-O-Si
band (ν Si-O-Siquartz band) relative to that of the ν Si-O band at WN
1100 decreases (Figure 5A) with increasing proportion of phytoliths
in the mixture, which is related to the relative content of QS in the
mixture (Figure 5B). Of course, for any of the abovementioned
alternatives that may be useable for estimation of Si species different
in crystallization, the applied calibration procedures need to be
adapted for each of the Si-O species and need to be tested by
analyzing mixtures of known composition.

4 Conclusion

FTIR serves as a powerful method to distinguish silica species
based on their crystallinity. Our findings demonstrate that FTIR can
effectively identify distinct spectral features associated with
amorphous and crystalline silica, highlighting the relationship
between silica structure and its spectral profile. The non-
destructive nature of FTIR offers significant advantages over
traditional wet chemical methods, allowing for accurate and
repeated analyses of silica samples. This capability is particularly
valuable in soil science, where understanding the silica composition
is essential for assessing soil health and ecological responses. In this
study, we focused on the qualitative analysis of silica species and
their crystallinity using FTIR. While our findings provide a solid
foundation for distinguishing between amorphous and crystalline
silica, future research is needed to explore the quantitative aspects of
silica analysis. Establishing reliable quantification methods will
enhance our understanding of the abundance and distribution of
different silica forms in various matrices. Moreover, it remains
unclear whether silica can be accurately quantified in complex
samples such as soil. The interactions of silica with other soil
components may complicate the quantification process.
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