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This volume is the third and final part of the series of reference books on
vibrational spectra of minerals. Unlike the two previous parts (Chukanov
2014; Chukanov and Chervonnyi 2016), this book contains not only infrared
(IR) spectra of minerals but also data on their Raman spectra.

In Chap. 1, numerous examples of the application of IR spectroscopy to the
analysis of crystal-chemical features of minerals are considered. In particular,
spectral bands that characterize different local situations around OH™ and
BO;*~ groups in vesuvianite-group minerals are revealed. The effect of
symmetry on the parameters of IR spectra of vesuvianite-group minerals is
discussed. By means of IR and Raman spectroscopic methods, it is shown that
the clathrate mineral melanophlogite is not a single species but a mineral
group including minerals with different combinations of small molecules
(CO,, CH,4, H,S, N,, H,0, C,Hg) entrapped in structural cages. Based on
numerous IR spectra of nakauriite samples from different localities, it is
demonstrated that this mineral does not contain sulfate groups, and its tenta-
tive simplified formula (Mg3Cu2+)(OH)6(C03)~4H20 is suggested. A close
crystal chemical relationship between nepskoeite and shabynite is
demonstrated based on their IR spectra, compositional, and X-ray diffraction
data. Contrary to the formula Mg,CI(OH);-6H,0 accepted for nepskoeite, this
mineral is a borate with the tentative simplified formula Mgs(BO3)(Cl,
OH),(OH)5-nH,O (n > 4). Consequently, shabynite may be a product of
nepskoeite dehydration. Based on IR spectroscopic data, it is also shown
that some nominally boron-free lead carbonate minerals (molybdophyllite,
hydrocerussite, plumbonacrite, somersetite) often contain minor BO33 -
admixture which is overlooked in structural and chemical analyses.

Chapter 2 contains IR spectra of 1024 minerals and related compounds
which were not included in the preceding reference books of this series
(Chukanov 2014; Chukanov and Chervonnyi 2016). Most spectra are
accompanied by the information about the origin of reference samples,
methods of their identification, and analytical data.

In Chap. 3, possibilities, advantages, and shortcomings of Raman spectros-
copy as a method of investigation and identification of minerals are discussed.
Numerous examples illustrate capabilities of Raman spectroscopy in identifi-
cation of minerals and analysis of their crystal chemical features, orientation,
and polarization effects, selection rules, as well as difficulties encountered in
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the study of microscopic inclusions in minerals and minerals that are unstable
under laser beam.

Chapter 4 contains data on 2104 Raman spectra of more than 2000 mineral
species taken from various periodicals. The data are accompanied by some
experimental details and information on the reference samples used.

A supplementary chapter provides comments on published IR spectra
which are erroneous, dubious, or of poor quality. This chapter is provided
by a separate list of references.

This work was carried out with assistance of numerous colleagues.
The working partnership with Prof. I.V. Pekov, Dr. A.D. Chervonnyi, and
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Polekhovsky, P. Voudouris, A. Magganas, A. Katerinopoulos,
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Characteristic Bands in IR
Spectra of Vesuvianite-Group
Minerals

1.1

Vesuvianite-group minerals (VGM) are wide-
spread and occur in different geological formations
including regional metamorphic rocks, skarns,
rodingites, etc. Specific crystal-chemical features
of these minerals reflect conditions of their
crystallization. As a rule, high-temperature VGM
have high-symmetry structures (space group P4/
nnc), whereas low-temperature samples are
characterized by the symmetry P4/n or P4nc
(Allen and Burnham 1992). The simplified
crystal-chemical formula of VGM is X;g(X'Y1)
Y2,Y35T0 5(S104)10(51207)4012Wy ~ where X,
X" = Ca, Na, K, Fe**, and REE (cations with
coordination numbers from 7 to 9); Y1-Y3 = Al,
Mg, Fe?*, Fe**, Mn®*, Mn’*, Ti, Cr, Cu, Zn;
T =B, Al, O; W = OH, F, O. The Y1 cations
have tetragonal-pyramidal coordination, whereas
the Y2 and Y3 cations occur in octahedra.

IR spectra of VGM are discussed in numerous
publications (Paluszkiewicz and Zabiriski 1992;
Groat et al. 1995; Kurazhkovskaya and
Borovikova 2003; Kurazhkovskaya et al. 2005;
Borovikova and Kurazhkovskaya 2006); how-
ever, in most cases their interpretation is ambigu-
ous. We have obtained IR spectra of 33 VGM
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samples from different kinds of localities which
have been preliminarily investigated in detail
using electron microprobe (including determina-
tion of boron), single-crystal X-ray structural
analysis, DSC, Al NMR, ICP-MS, and
Mbossbauer spectroscopy. As a result, characteris-
tic IR bands corresponding to different local
situations in the structures of VGM have been
revealed. Data on crystal structures, crystal chem-
istry, and IR spectra of these samples are
published by Britvin et al. (2003), Panikorovskii
et al. (2016a—d, 2017a-d), and Aksenov et al.
(2016). The most important results of this inves-
tigation are listed below in comparison with data
published elsewhere.

1.1.1  O-H-Stretching Vibrations

The following empirical correlations between O—
H stretching frequencies in IR spectra of minerals
and O---O and H---O distances (from structural
data) were established by E. Libowitzky (1999):

v(em™') =3592 — 304 - 10°

- exp [—d(0---0)/0.1321] (1.1)
v(em™) =3632-1.79 - 10°
- exp [~d(H---0)/0.2146] (1.2)

N. V. Chukanov, M. F. Vigasina, Vibrational (Infrared and Raman) Spectra of Minerals and Related
Compounds, Springer Mineralogy, https://doi.org/10.1007/978-3-030-26803-9_1
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Two decades ago this publication was of a
great importance because it emphasized the exis-
tence of such correlations as a general trend.
However, over time it became obvious that the
Egs. (1.1) and (1.2) are a very rough approxima-
tion and have a restricted applicability. First, it is
to be noted that at high frequencies (above
3500 cm™') substantial deviations from the
correlations (1.1) and (1.2) are common because
O-H stretching frequencies depend not only on
O---O and H---O distances, but also on the nature
of cations coordinating O-H groups and H,O
molecules, as well as on the angle O-H---O, and
the influence of these factors becomes most evi-
dent in case of weak hydrogen bonds. The
Egs. (1.1) and (1.2) predict that maximum possi-
ble values of O-H stretching frequencies for
minerals are 3592 and 3632 cm ™' respectively.
However, in many minerals including magnesium
serpentines, brucite, kaolinite, amphiboles, etc.
observed frequencies are much higher and even
can exceed 3700 cm™ .

In the IR spectra of VGM some absorption
bands of O-H stretching vibrations are poorly
resolved. In such cases, band component analysis
is the most important source of errors and artifacts
during data processing because of low correctness
of inverse mathematical problems: small errors in
experimental data lead to strong uncertainty of the
final result. Additional uncertainty is connected
with arbitrary choice of the band shape (Gauss,
Lorentz, Voigt, or Lorentz-Gauss cross-product
function), the number of components, and the
acceptable values of the correlation coefficient
R (e.g., 0.99, 0.995, or 0.999). This matter is
discussed in detail by Chukanov and Chervonnyi
(2016) (the section 1.1 “Sources of Errors and
Artifacts in IR Spectroscopy of Minerals”)
where it is shown that different variants of band
shape analysis may give a good and almost iden-
tical approximation accuracy (say, R* ~ 0.9995),
but lead to totally different results.

For most VGM investigated by Chukanov et al.
(2018) there are significant discrepancies between
wavenumbers of observed O-H stretching bands
and v values calculated using correlations
suggested by Libowitzky (1999). The above
considerations explain why the attempts to apply
Egs. (1.1) and (1.2) to VGM failed.

Some Examples of the Use of IR Spectroscopy in Mineralogical Studies

Groat et al. (1995) distinguished 13 bands of
O-H stretching vibrations in IR spectra of VGM,
which have absorption maxima at the following
wavenumbers (cmfl): 3670 (A), 3635 (B), 3596
(©), 3567 (D), 3524 (E), 3487 (F), 3430 (G), 3383
(H), 3240 (I), 3210 (J), 3156 (K), 3120 (L), and
3054 (M). The polarization of these bands with
respect to the fourfold ¢ axis is as follows:
Enc < 35° for the A-H bands, ELc for the 1
band, and Ellc for the J-M bands (Groat et al.
1995; Bellatreccia et al. 2005). Consequently, the
bands A-H and J-M can be assigned to the
vibrations of differently coordinated O11-H1
and O10-H2 groups, respectively. The I band
was tentatively assigned to O-H stretching
vibrations of silanol group (Chukanov et al.
2018).

Our data show that actually significant
deviations of the A—M band positions from the
“ideal” values indicated by Groat et al. (1995)
take place. In particular, IR spectra of many
VGM samples contain a band in the range
3440-3470 cmfl, i.e., between F and G bands.
Taking into account that in the group of 33 chem-
ically and structurally investigated samples the
intensity of this band shows distinct positive cor-
relation with Ti content, it was assigned to
vibrations of the O11-H1 group coordinated by
Ti (Chukanov et al. 2018). Most Ti-rich samples
are characterized by the space group P4/nnc.
The only exception is a sample from the
Ahkmatovskaya open pit, South Urals with
1.54 apfu Ti, space group P4/n showing bands
at 3488 cm ! (with a shoulder at 3460 cm™ ') and
3424 cm™ ! instead of a single band in the range
3440-3470 cm ™' (Fig. 1.1).

Vesuvianite from the Ahkmatovskaya open pit
is the only Ti-bearing VGM having space group
P4/n  among 33 samples investigated by
Chukanov et al. (2018). The observed splitting
of the band of TiO-H stretching vibrations is the
result of distribution of Ti between the sites Y3A
and Y3B, whereas in high-temperature VGM hav-
ing the space group P4/nnc Ti is accumulated in
the single Y3 site.

IR band in the range 3375-3380 cm ™' which is
close to the H band by Groat et al. (1995) was
observed by us only for two samples with the
symmetry P4/n and high contents of Cu and
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Fig. 1.1 IR spectra of vesuvianite-group minerals with
different contents of Ti in the region of O-H-stretching
vibrations: a sample from Alchuri, Shigar Valley, Pakistan
(Aksenov et al. 2016) with Ti,»; (a); a sample from
Hazlov, Karlovy Vary Region, Czech Republic with
Tip4g (b); a sample from Myrseter area, Drammen,

Mn>*. This band is more intense in the IR spec-
trum of the sample from the N’Chwaning III mine,
Kuruman, South Africa with a relatively higher
content of Mn>* (1.83 apfu). Based on these data,
the band in the range 3375-3380 cm™' can be
assigned to the *>Mn>*---O11-H1 group.

The nominal position of the D band is
3567 cm ™' (Groat et al. 1995), but in IR spectra
of some samples this band is shifted towards
lower wavenumbers (up to 3560 cm™'). The D
band is not observed in IR spectra of F-poor
VGM and has the highest intensities in IR spectra
of samples with most high contents of F (Britvin
et al. 2003; Galuskin et al. 2003; Chukanov et al.
2018; see Fig. 1.2). Taking into account polariza-
tion EAc < 35° (Groat et al. 1995), the D band is
to be assigned to the group O11-HI in the situa-
tion when F occupies neighboring O11 site.

Galuskin et al. (2003) supposed that the J band
corresponds to OH groups in the O10 site
coordinating Fe in Y1 and forming hydrogen
bond with F in the neighboring O10 site. How-
ever, this assumption was not confirmed by our
investigations: IR spectra of most VGM,

Buskerud, Norway with Tipgy (¢); VGM from the
Ahkmatovskaya open pit, South Urals, Russia with Ti; s4
(anomalous Ti-rich sample, space group P4/n) (d). Two
vertical lines outline the region of the band corresponding
to the Ti---O11-H1 group in P4/nnc VGM

including F- and Fe-poor ones, contain distinct J
band whose wavenumber varies from 3190 to
3225 cm™'. These values correspond to strong
hydrogen bonds, which is hardly possible in
cases when F is the H-bond acceptor.

The weak B band (in the range from 3628 to
3632 cm™ ') is often observed in IR spectra of
low-symmetry VGM. This band corresponds to
very weak H-bonds formed by the groups O11-
H1 with low values of the angle between O11-H]1
and H1---O7 (see Lager et al. 1999).

1.1.2  B-O-Stretching Vibrations

In VGM boron can occupy sites with coordina-
tion numbers 3 or 4. IR spectra of most VGM
samples contain shoulders in the range
1070-1170 cm™' corresponding to stretching
vibrations of [BO,] tetrahedra.

BO; groups are connected with Y106,010
polyhedra via O10 oxygen atom to form the cluster
T2Y10, (Fig. 1.3) where 72 = B and Y1 = Fe’*,
Fe**, Mn™*, Cu®*, Al, or Mg. As a result, four
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Fig. 1.2 IR spectra of
vesuvianite-group minerals
with different contents of F
in the region of O-H-
stretching vibrations:
fluorvesuvianite holotype
with 7.16 apfu F (a); VGM
from Sakharyok massif,
Keyvy Mts., Kola
Peninsula with 3.06 apfu F
(b); VGM from Gulshad,
Kazakhstan with 0.24 apfu
F (¢); F-free
alumovesuvianite holotype
(d). Vertical line
corresponds to the nominal
position of the D band
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3000

degrees of freedom corresponding to the bond
lengths 72-012 (x2), T2-010, and Y1-O10 are
involved in stretching vibrations of BO5> . This
results in four nondegenerate modes and, conse-
quently, the expected number of absorption
bands in the region of stretching vibrations of
BO; groups (i.e., 1200-1570 cm™ ') is equal to 4.
However, in the IR spectrum of wiluite only three
bands are observed in this region: the peaks at
1267 and 1373 cm™' and the shoulder at

012

(P

Fig. 1.3 Local environment of the 72 and Y1 sites in
vesuvianite-group minerals

Y1 ~0

I ! I X 1

T
3200 3400 3600 3800

Wavenumber (cm™)

1415 cm™! (Panikorovskii et al. 2017b; see
Fig. 1.4). The fourth band corresponding to sym-
metric vibrations of BO5>~ is forbidden for a regu-
lar BO; triangle and is weak in case of weak-
distorted BO; triangle. The latter case takes place
in wiluite: the bond lengths 72-010 and 72-012
are 139-140 and 132 A, respectively
(Panikorovskii et al. 2017b). Weak absorption
between 1267 and 1373 cm ™" may correspond to
the symmetric stretching mode of BOs>~ groups
(Fig. 1.4).

Unlike wiluite, most boron-rich VGM contain
significantly distorted BO; triangle. For example,
in a sample from Gulshad, Kazakhstan the bond
lengths 72-010 and 72-0O12 are equal to 1.384
and 1.20 A, respectively. As a result, four distinct
IR bands (at 1557, 1467, 1419, and 1365 cm™ ')
are observed in the range 1200-1570 cm ™' (curve
b in Fig. 1.4). As compared to wiluite, these bands
are substantially shifted towards high frequencies
because of shorter B-O bonds and shortened Y1-
O bond (2.044 A for the mineral from Gulshad
and 2.15 A for wiluite: Chukanov et al. 2018;
Panikorovskii et al. 2017b). These differences
may be due to different predominant cations in
the Y1 site: Mg in wiluite and Fe** in the sample
from Gulshad.



1.2 Problem of Melanophlogite

Fig. 1.4 IR spectra of
vesuvianite-group minerals 1.0 -
in the region of B-O-
stretching vibrations:
wiluite from its type
locality (a), B-rich VGM 0.8 1
from Gulshad (b), a typical
B-bearing vesuvianite from
. Q
Somma-Vesuvius complex, 8 0.6 4
Italy (c), and anomalous g
B-rich VGM from 5
Titivskoe (d) 7]
£ 044
0.2 4
0.0

1200

An anomalous IR spectrum with six absorp-
tion bands in the range 1200—1570 cm ™' shows
boron-rich VGM from Titivskoe boron deposit,
Yakutia, Russia (curve d in Fig. 1.4). Structural
investigation of this sample (Panikorovskii et al.
2016a) showed the presence of domains with
different symmetry (P4/nnc and P4/n).

1.1.3  Stretching and Bending
Vibrations of Si0,*~

and Si,0,°~ Groups

Based on the available data on IR spectra of a
restricted set of VGM Kurazhkovskaya and
Borovikova (2003) concluded that for low-
symmetry samples the band of Si—O-stretching
vibrations in the range from 960 to 990 cm ™' is
shifted on 1015 cm ™' towards lower frequencies
as compared to high-symmetry VGM. Our data
confirm this conclusion only partly. Indeed,
among nine samples with the space group P4/n,
eight samples show strong IR bands in the range
962-968 ¢cm™ ', and in the IR spectrum of one
more sample a band at 973 cm ™' is observed.
Among 21 boron-poor samples with the space
group P4/nnc, for 16 samples bands in the range

T
1400
Wavenumber (cm™)

976-986 cm ™! are observed, but 5 samples show
bands between 962 and 968 cm ™",

Another specific feature of low-symmetry
VGM indicated by Kurazhkovskaya and
Borovikova (2003), as well as by Borovikova
and Kurazhkovskaya (2006) is the doublet ~575
+615 cm™ ! corresponding to O-Si—O bending
vibrations. This regularity was confirmed by us
as a general trend; however, among 21 boron-
poor samples with the space group P4/nnc,
3 samples show doublets in the range
~575-615 cm™' with components of approxi-
mately equal intensity.

1.2 Problem of Melanophlogite

Melanophlogite is a clathrate compound which
contains guest molecules N,, CO,, and CHyu
entrapped within the cages of the 3D framework
built by SiO, tetrahedra (Gies 1983; Nakagawa
et al. 2001; Kolesov and Geiger 2003). The cubic
unit cell of the structure of melanophlogite
includes two [512] cages and six [51262] cages
(Fig. 1.5). The former are considered to be
occupied mainly by CH, molecules and the latter
by N, and CO, (Gies et al. 1982; Gies 1983). In
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Fig. 1.5 [5'% cages (a)
and [51262] cages (b) in the
structure of melanophlogite

>

a

melanophlogite from Mt. Hamilton, California,
USA, the occupancy factor of the CH, site in
the [5'%] cage is about 90% (Gies 1983). The
molecules of carbon dioxide located in the
[51262] cages can rotate and are statistically
distributed between 12 possible equivalent
orientations. Most part of N, and CO, occurs in
the [5'%6%] cage, but minor part of these
molecules can be present in the [512] cage (Gies
1983; Kolesov and Geiger 2003). Based on the

Fig. 1.6 Powder IR
spectrum of melanophlogite
from Fortullino, Italy

~
—
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available structural data, the general formula of
melanophlogite can be written as follows: (CHy,
N>,C05)2-(N2,CO2)6-(Si46002).

The IR spectrum of melanophlogite from
Fortullino, Livorno province, Tuscany, Italy
(cubic, with a = 13.4051(13) A, according to
single-crystal X-ray diffraction data) contains a
strong band at 2330-2336 cm ™! corresponding to
antisymmetric vibrations of CO, molecules
(Chukanov and Chervonnyi 2016; see Fig. 1.6).

3598
3702

800 1200 1600
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2000 2400 2800 3200 3600
Wavenumber (cm-")



1.2 Problem of Melanophlogite

Fig. 1.7 IR spectrum of
melanophlogite from
Fortullino in the
14003800 cm ™' range. 0.15 -
Very weak bands in the
range from 2800 to
3000cnr’lconespondt0
grease impurity o 0.124
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=
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A weaker peak at ~2375 cm ™! present it IR spec-
tra of some melanophlogite samples from this
locality (Chukanov 2014) may be due to rota-
tional splitting or correspond to a minor amount
of CO, molecules in the [512] cages, which are
predominantly occupied by CH,. Weak bands at
3700 and 3596 cm ™' (Fig. 1.7) are, respectively,
due to asymmetric and symmetric stretching
vibrations of H>,O molecules that do not form
hydrogen bonds. The band at 3316 cm™' can
be tentatively assigned to silanol groups or
H-bonded H,O molecules.

Two CO, modes at 1277 and 1378 cm !
observed in the Raman spectrum of
melanophlogite from Mt. Hamilton, California,
USA correspond to the first overtone of the v,-
bending mode and the symmetric v;-stretching
mode, respectively, both bands being components
of a vibrational system coupled via Fermi reso-
nance (Kolesov and Geiger 2003).

Raman spectrum of melanophlogite from
Mt. Hamilton has been investigated previously
at 4 K (Kolesov and Geiger 2003). The bands at
2900 and 2909 cm ™' in the single-crystal Raman
spectrum of melanophlogite from this locality
have been assigned to asymmetric stretching
modes of CH, located in the [512] and [5 1262]
cages, respectively. Along with the main band at

T
2000

T T T
2400 2800 3200 3600

Wavenumber (cm™)

1378.5 cm™ ! assigned to CO, molecules in the
[51262] cages, the shoulder at 1376 cm~ ! was
registered and was attributed to CO, in the [512]
cages. Kolesov and Geiger (2003) also reported
the presence of the band of symmetric N=N-
stretching vibrations located at 2321 cm™'
which corresponds to N, molecules. The IR for-
bidden band of N, in binary mixtures with other
molecules has been observed at about 2328 cm ™
(Bernstein and Sandford 1999). It is to be noted
that this value is close to the wavenumber of
antisymmetric vibrations of CO, molecules,
which is forbidden in Raman spectra. However,
this band is not observed by us in Raman spectra
of melanophlogite from different Italian localities
(Figs. 1.8, 1.9 and 1.10).

Raman spectrum of the sample from Fortullino
(Fig. 1.8) exhibits strong bands of CO, at 1277
and 1383 cm™'. Two weak bands at 1257 and
1398 cm ™! accompanying the components of the
Fermi-doublet are the so-called hot bands arising
from the transitions from an excited vibrational
level to the ground vibrational level (Wang et al.
2011). In accordance with Frezzotti et al. (2012)
and Wang et al. (2011), carbon dioxide in this
mineral is in the high density fluid state with
D ~ 1 g/em®. This is confirmed by the down
shift of the Fermi doublet frequencies from 1388



Some Examples of the Use of IR Spectroscopy in Mineralogical Studies

L2908
13611

8 1
Fig. 1.8 Raman spectrum )
of melanophlogite from 1.0 =
Fortullino )
0.8
= J
064 &
> a
= |
=
Q
g 0.4+
()
024z| &
o —
3 \_)/L
0.0 T

Intensity (au)

T T
2000 3000

Raman shift (cm™")

T
1000

Fig. 1.9 Raman spectrum of melanophlogite from
Racalmuto

and 1285 cm™ ! (A = 103 em™!) for CO, at
normal conditions to the values 1383 and
1277 cm™! (A =106 cm_l); the increased value
of A in the spectrum of melanoflogite from
Fortullino (Fig. 1.8) also corresponds to a high-
density CO, fluid. The very weak band at
2908 cm ™' which is attributed to CH; and the
band at 3611 cm ™" attributed to OH-groups are in
a good agreement with the IR spectrum of this
sample (Chukanov and Chervonnyi 2016). Thus,
nitrogen, which is a substantial component in

I I [
2400 3200 4000

Raman shift ( cm'l)

melanophlogite from Mt. Hamilton, is absent in
the sample from Rio Fortullino.

Melanophlogite from Racalmuto, Sicily
(Fig. 1.9) is characterized by a higher content of
CH,; detected by the bands at 2901 and
3055 cm™! and by a trace amount of C,Hg
detected by the very weak bands at 998 and
2045 cm™! (Kohlrausch 1943; Momma et al.
2011). The presence of H,S molecules is detected
by the presence in the Raman spectrum of the
band at 2595 cm ™. This sample does not contain
N, and CO, molecules in detectable amounts.
The sample of melanophlogite from Racalmuto
contains a small amount of mineral impurities of
calcite or aragonite (the band at 1087 cm™':
Edwards et al. 2005) and celestine (998 cm ™ :
Frezzotti et al. 2012). The weak band at 802 cm ™!
and the bands at 363 and 276 cm ™' relate to the
spectrum of the melanophlogite-type silicon-oxy-
gen framework.

Melanophlogite from Miniera Giona, Sicily
(Fig. 1.10) contains H,S molecules (the band of
H-S-stretching vibrations at 2593 cm™') and a
low amount of CH, molecules (2904 cm™ ')
whereas bands of N, and CO, are not observed
in its Raman spectrum. This sample contains
anhydrite admixture detected by the Raman
bands at 1132 and 1004 cm ™! (Frezzotti et al.
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2012). Broad peaks in Figs. 1.9 and 1.10 are due
to fluorescence.

Powder IR spectra of melanophlogite from
some other localities do not show any presence
of methane molecules. In the frequency range
from 2800 to 3000 c¢cm™ !, a sample from
Chvaletice, Bohemia shows the presence of
three overlapping, relatively broad bands indica-
tive of the contamination by a polyatomic ali-
phatic hydrocarbon, most probably grease.
Similar but much weaker bands are present in
the IR spectrum of melanophlogite from
Fortullino, Italy (Fig. 1.7), but no characteristic
bands of methane are observed in this
spectrum too.

The IR spectra of melanophlogite samples
from Racalmuto and Miniera Giona (Fig. 1.11)
show much lower contents of CO, (the bands at
2337-2338 cm™') and substantially higher
contents of CH, (the bands at 3005-3008 cm™ ")
as compared with the sample from Fortullino.
Moreover, the bands in the range from 2850 to
2950 cm ™' in the IR spectrum of melanophlogite
samples from Miniera Giona indicate the pres-
ence of hydrocarbons heavier than methane. IR
spectrum of the sample from Racalmuto confirms
the presence of H,S (Fig. 1.12).
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Raman shift (cm™)

The band assignment and the distribution of
different components between [512] and [51262]
cages in melanophlogite samples from different
localities are given in Table 1.1. These examples
show that, in all probability, melanophlogite is
not a single mineral species, but a mineral group
including minerals with different combinations of
small molecules (CO,, CH,, H,S, N,, H,O,
C,Hg) entrapped in the [512] and [51262] cages.
In particular, the mineral from Fortullino may be
the CO,-dominant analogue of melanophlogite,
and in the samples from Racalmuto and Miniera
Giona H,S may be a species-defining component.

1.3  Problem of Nakauriite

Nakauriite was initially described as a new min-
eral with the general formula (Mn,Ni,
Cu)g(SO4)4(CO3)(OH)6-48H,0  (Suzuki et al.
1976). The mineral occurs in fissure-fillings in
brucite-bearing serpentine at Nakauri, Aichi Pre-
fecture, Japan, and is intimately intergrown with
chrysotile. Most analytical data for nakauriite,
including powder X-ray diffraction pattern,
chemical composition and IR spectrum, have
been obtained for a polymineral mixture, in
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which chrysotile is the main phase. The above
formula does not conform to analytical data of
Suzuki et al. (1976). Taking into account strong
predominance of Cu over Mn and Ni, the
simplified formula Cug(S04)4(CO5)(OH)s48H,0
is given for nakauriite in the IMA list of minerals.
Published IR spectrum of nakauriite from its type

Wavenumber (cm-")

locality contains strong bands of admixed chryso-
tile at 1075, 950 and 613 cm™! (Suzuki et al.
1976; see curve a in Fig. 1.13), but characteristic
bands of sulfate anions are not observed.

Later nakauriite was reported from several
localities in Great Britain, USA, Austria, Italy,
and Russia (Braithwaite and Pritchard 1983;
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Table 1.1 The assignment of IR and Raman bands and the distribution of different enclathrated components between
[5'%] and [5'%6%] cages for melanophlogite samples from different localities

CHy (first overtone of the doubly degenerate v,-bending mode?)

CO,: Fermi resonance between symmetric stretching mode and first overtone of the

CO,: Fermi resonance between symmetric stretching mode and first overtone of the

‘Wavenumber
Locality (cm™") Assignment
Mt. 3050w (R)
Hamilton® 2909w (R) CH, in [5'%6] (symmetric stretching mode)
2900 (R) CH, in [5'?] (symmetric stretching mode)
2321 (R) N, in [51%6%]
1378.5 (R) CO, in [5%67] (symmetric stretching mode)
1376 (R) CO, in [5'7] (symmetric stretching mode)
1277 (R)
bending mode
Fortullino 3700 (IR) H,O (antisymmetric stretching mode)
3611 (R) H,0 (?) O-H-stretching mode
3596 (IR) H,0O (symmetric stretching mode)
3316 (IR) H,0 (?) O-H-stretching mode (H-bonded OH)
2908w (R) CH, in [5'%67]
2344 (IR) I2COZ in [512] (antisymmetric stretching mode)
2336 (IR) 12C0, in [5'%67] (antisymmetric stretching mode)
2273w (IR) 13C02 (antisymmetric stretching mode)
1398w (R) CO; (“hot band”)
1383 (R) CO, in [5'%67] (symmetric stretching mode)
1377 (R) CO, in [5'?] (symmetric stretching mode)
1277 (R)
bending mode
1257w (R) CO, (“hot band”)
Racalmuto | 3055w (R) Hydrocarbon other than methane
3005w (IR) CH, in [5"?] (asymmetric stretching mode)
2945w (R) C,Hg?
2901 (R) CH, in [5"] (symmetric stretching mode)
2595 (R) H,S (symmetric stretching mode)
2512 (IR) H,S (antisymmetric stretching mode)
2338w (IR) 12C0, in [5"%6%] (antisymmetric stretching mode)
Miniera 3008w (IR) CH, in [5'?] (asymmetric stretching mode)
Giona 2945w (IR) Hydrocarbon other than methane
2920w (IR) Hydrocarbon other than methane
2904w (R) CH, in [5"] (symmetric stretching mode)
2894w (IR) Hydrocarbon other than methane
2851w (IR) Hydrocarbon other than methane
2593 (R) H,S (symmetric stretching mode)
2337 (IR) I2CO2 in [51262] (antisymmetric stretching mode)

R Raman spectrum, IR infrared spectrum, w weak band
“Data from Kolesov and Geiger (2003)

Barnes 1986; Postl and Moser 1988; Palenzona
and Martinelli 2007; Popov et al. 2016), as well as
a secondary product in metallurgic slags. All
available data indicate that nakauriite (1) does
not contain sulfate anion and (2) usually forms
fine intergrowths with magnesium serpentine-
group minerals (see curve b in Fig. 1.13). In

particular, electron microprobe analyses of
nakauriite from Japan and from Nevada (Peacor
et al. 1982) do not show substantial amounts of
sulfur. Microchemical tests show only traces of
SO,*” (Braithwaite and Pritchard 1983).

We managed to obtain an almost pure fraction
of nakauriite from its type locality. Its IR
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Fig. 1.13 IR spectra of
nakauriite-bearing samples
from Nakauri drawn using
data from Suzuki et al.
(1976) (a), and from
Karkodin, South Urals,
Russia (b) and IR spectrum
of an almost pure nakauriite
from Nakauri (¢). Bands of
admixed serpentine are
marked by asterisk
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c

spectrum is given in Fig. 1.13 (curve c). Specific
features of the mineral are unusually low fre-
quency of the non-split band of C-O-stretching
vibrations (1361 cm™ "), as well as relatively low
intensity and high width of the band of out-of-
plane bending vibrations of CO;*~ groups at
864 cm'. The bands at 1600 and 1650 cm™'
indicate the presence of H,O molecules. The
same features are inherent in carbonate members
of the hydrotalcite group (Chukanov 2014) whose
structures contain brucite-like layers and inter-
layer CO5®~ anions and water molecules. Weak
bands at 1066 and 1143 cm ™' may be due to the
presence of trace amounts of SO,>~ anions.

Our electron microprobe analyses of nakauriite
samples from Nakauri (Japan), Karkodin, (Russia)
and Monte Ramazzo mine (Italy) show that this
mineral is Mg-dominant. Only three metal cations
have been found, namely Mg, Cu”*, and Ni**. The
atomic ratio Mg:Cu:Ni in a sample from Nakauri
is 0.75:0.23:0.02. In another sample from Nakauri
Mg:Cu:Ni = 0.80:0.19:0.01. In the sample from
Karkodin Mg:Cu:Ni = 0.75:0.23:0.02. Nakauriite
from Monte Ramazzo does not contain Ni in
detectable amounts; Mg:Cu = 0.80:0.20. In all
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analyzed samples the content of sulfur is below
its detection limit. The predominance of Mg over
Cu in nakauriite from Karkodin was noted also by
Popov et al. (2016).

Thermal data for nakauriite from Suzuki et al.
(1976) are nearly consistent with the general
simplified  formula  (Mg;Cu®")(OH)e(CO5)-
4H,0. Hypothetically, nakauriite can be an inter-
stratification of brucite and copper carbonate
modules. Powder X-ray diffraction data of
nakauriite from South Urals kindly provided by
L.V. Pekov are given in Table 1.2.

Suzuki et al. (1976) reported the absence of the
reflection near 7.8 A in some samples from
Nakauri. It was supposed that this reflection may
be due to an impurity (Peacor et al. 1982;
Braithwaite and Pritchard 1983). However,
nakauriite from Karkodin shows a relatively
strong reflection at 7.88 A (Table 1.2). In our
opinion, the reflections at 7.32 and 7.88 A may
correspond to nakauriite-type phases with differ-
ent contents of interlayer water.

A further detailed investigation of nakauriite
and revision of its chemical formula are
required.
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Table 1.2 Powder X-ray diffraction data of nakauriite
from Karkodin, South Urals, Russia (MoK radiation)

d, A L% |d A L% |d A I, %
7.88 19 |2.845 4 1.5947 1
7.32 100 [2.677 4 1.5762 1
5.11 12 |2612 8 15447 |12
4.835 17 |2.536 4 1.5185 5
4.629 12 |2.365 43 1.5107 4
4.485 14 2258 7 1.4569 5
4217 4 |2221 4 1.4210 3
3.928 12 |2.09 1 1.4035 3
3.642 13 [2.037 2 1.3523 1
3.539 15 |1.956 3 1.2985 4
3.335 6 [1.910 24 1.2910 4
3.305 8 |1.820 2 1.2404 1
3.105 4 |1.782 3 1.2281 2
3.065 4 |1.7206 4 1.2170 2
2.976 3 | 1.6951 2 1.2021 2
2.939 3 | 1.6657 2 1.1973 2
2.874 4 1.6439 5 1.1082 1
1.4 Relationship Between

Nepskoeite and Shabynite

Nepskoeite was initially described as a new
chloride-hydroxide mineral with the formula
Mg,CI1(OH);-6H,O (Apollonov 1998). However,
IR spectrum of nepskoeite published by
Apollonov (1998) contains very strong band at
1297 cm ™" corresponding to stretching vibrations
of orthoborate groups, as well as distinct band at
cm ' that may correspond to bending vibrations
of orthoborate groups (Fig. 1.14).

Fig. 1.14 IR spectrum of
nepskoeite drawn using
data from Apollonov
(1998)

591
733
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Our reinvestigation of nepskoeite from the type
material confirmed the presence of boron in this
mineral. In particular, IR spectrum contains strong
bands at 1301 and 734 cm™' corresponding to
stretching and bending vibrations of BO;”~
anions, respectively (Chukanov 2014; see
Fig. 1.15). Moreover, color reaction with
quinalizarin shows a high content of boron in
nepskoeite.

IR spectrum of nepskoeite shows similarity
with that of shabynite Mgs(BO53)(Cl,OH),
(OH)5-4H,0 (Fig. 1.16). In particular, the IR
spectrum of shabynite contains strong bands at
1302 and 732 cm™ ' However, substantial
differences between these spectra are observed
in the region of vibrations of H,O molecules
above 1500 cm™".

There is also close similarity between powder
X-ray diffraction (PXRD) patterns of nepskoeite
and shabynite (Table 1.3). However, nepskoeite
shows strong reflections at 10.64 and 3.498 cm ™'
that are absent in the PXRD pattern of shebynite.
On the other hand, strongest reflections of differ-
ent shabynite samples are observed at 9.62 and
3.191 cm™'. Refraction indices of nepskoeite
(¢ = 1.532, p = y = 1.562) are somewhat lower
than those of shabynite (@ = 1.543, f = 1.571,
y = 1.577).

Based on these data, nepskoeite can be tenta-
tively considered as a hydrous orthoborate chlo-
ride, a high-hydrated analogue of shabynite. Both
minerals need further investigations, first of all,
determination of unit-cell dimensions and H,O
content by means of direct methods.

1297
1609
3373
—3623

1160
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Wavenumber (cm™)
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Fig. 1.16 IR spectrum of shabynite drawn using data from Chukanov (2014)
. lead carbonate minerals are exceptions from this
1.5 Orthoborate Groups in Lead P

Carbonate Minerals

The CO5>~ and BO;>~ anions have the same tri-
gonal planar configuration, but in most orthoborate
and carbonate minerals these groups do not show
appreciable isomorphous substitutions. The main
causes of the absence of isomorphous substitutions
between these groups are differences in their
charges and sizes. In addition, BO;>~ groups are
often significantly distorted (see, e.g., Kolitsch
et al. 2012, as well as Sect. 1.1). However, some

regularity. For example, IR spectra of some
samples of molybdophyllite PbgMgy(Si;¢O,g)
(CO5)3(OH)§0,.H,0O, which is nominally a
boron-free mineral, show weak IR bands of B-O-
stretching vibrations at 1170 and 1240 cm™')
(Fig. 1.17), whereas Raman spectrum of the struc-
turally investigated molybdophyllite sample does
not show bands of borate groups (Kolitsch et al.
2012).

The crystal structure of molybdophyllite
(Kolitsch et al. 2012) does not contain boron-
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Table 1.3 Strongest lines (with 7 > 10%) of the PXRD
patterns of nepskoeite and shabynite

Nepskoeite Shabynite, sample No. 3
(Apollonov 1998) (Pertsev et al. 1980)
d, A I, % d, A I, %
11.41 29 11.33 10
10.64 18 8 4
9.78 46 9.72 17
9.60 38 - -
5.57 17 - -
5.48 16 5.48 16
541 16
- - 4.86 19
4.78 15 4.77 19
4.25 20 4.266 16
4.230 17
- - 4.133 29
3.726 15 3.726 17
3.624 14 3.648 10
3.498 100 - -
- - 3.191 100
3.184 10 - -
2.977 10 - -
2.739 16 - -
2.448 18 2.447 19
2.395 17 2.390 11
2.284 11 - -
1.749 10 - -

*The strongest reflection of the powder X-ray diffraction
pattern of shabynite sample No. 2 (Pertsev et al. 1980) is
observed at 9.62 A
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dominant sites and, consequently, BO33 ~ anions
occur in CO32_-d0minant positions, unlike
roymillerite Pb,4Mgo(SigAlO,g)(Si04)(BO3)
(CO3)10(OH)1404 and britvinite Pb;sMgo
(S110028)(CO3)2(BO3)4(OH)12,0,,  in  which
orthoborate and carbonate groups are ordered in
different sites (Yakubovich et al. 2008; Chukanov
et al. 2017b; see Fig. 1.18).

The IR spectrum of hydrocerussite
Pb3(OH)»(CO3), from Léangban (curve b in
Fig. 1.19) contains weak bands at 1230 (shoulder),
742, and 470 cm ™. These bands may be assigned
to stretching and bending vibrations of orthoborate
anions partly substituting regular CO5 triangles in
the hydrocerussite structure. Indeed, in the IR
spectrum of fluoborite containing regular BO; tri-
angle strong bands of B—O-stretching and O—B-O
bending vibrations are observed at 1241, 743, and
468 cm ™! (Chukanov 2014). It is important to note
that bands of orthoborate groups are absent in the
IR spectra of hydrocerussite from Merehead
quarry, England (curve a in Fig. 1.19), some
related minerals (curves ¢ and d in Fig. 1.19), as
well as synthetic analogues of hydrocerussite and
plumbonacrite (Brooker et al. 1983). In all proba-
bility, the presence of borate groups in
hydrocerussite from Léngban is the result of high
activity of boron that accompanied formation of
this deposit where different borate minerals are
common.
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Fig. 1.17 IR spectrum of molybdophyllite from the Langban deposit, Bergslagen ore region, Filipstad district,
Virmland, Sweden (Chukanov 2014, sample Sil247). The wavenumbers of BO5>~ groups are indicated
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Fig. 1.18 IR spectra of (a) roymillerite and (b) britvinite
from Langban, Virmland, Sweden. Bands of stretching
vibrations of BO53>~ groups are indicated
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Fig. 1.19 IR spectra of (a) hydrocerussite from Merehead
quarry, (b) hydrocerussite from Léngban, (c)
hydrocerussite-related phase NaPbs(CO3)4(OH); from
Lavrion, and (d) cerussite from Merehead quarry. Bands
of BO3>~ groups are indicated
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Fig. 1.20 IR spectra of (@) plumbonacrite from Merehead
quarry, (b) plumbonacrite from Léngban, (c) somersetite,
and (d) mereheadite. Bands of stretching vibrations of
BO5>~ groups are indicated

The IR spectra of plumbonacrite PbsO
(OH),(CO3); from Merehaad and Langban
(Fig. 1.20) are similar and differ from the IR spectra
of synthetic plumbonacrite analogue (Brooker et al.
1983) by additional bands of BOs>~ groups at
1270, 1221, 742, and 464-465 cm™'. Unlike
hydrocerussite, a mineral with the only site of
CO;*~ groups, in the crystal structure,
plumbonacrite is characterized by five positions of
carbonate groups (Krivovichev and Burns 2000).
The IR spectrum of plumbonacrite contains two
bands of asymmetric B—O-stretching vibrations
(at 1270 and 1221 cm™ "), which indicates the pres-
ence of BO5>~ groups in different sites.

The IR spectrum of somersetite (curve c in
Fig. 1.20) is similar to those of plumbonacrite
and hydrocerussite and contains bands of BO;*~
groups at 1217 and 738 cm™ . The crystal struc-
ture of somersetite consists of electroneutral
[Pb3(OH),(CO3),] hydrocerussite block and
electroneutral [PbsO,(COs3)3;] block with the
structure derivative from plumbonacrite. The
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Fig. 1.21 IR spectra of (a) grootfonteinite holotype, (b)
synthetic compound KPb,(COj3),(OH) (Brooker et al.
1983), (c¢) synthetic compound NaPb,(COj3),(OH)
(Brooker et al. 1983), and (d) abellaite holotype (Ibafiez-
Insa et al. 2017). Band of stretching vibrations of BO33 -
groups is indicated
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only band of B—O-stretching vibrations observed
in the IR spectrum of somersetite indicates that all
admixed BOs;>~ groups belong to the
hydrocerussite block.

The relatively weak bands at 480 and
1200 cm™" in the IR spectrum of grootfonteinite
Pb;O(CO3), indicate the presence of minor
amounts of undistorted orthoborate groups, but
these groups are absent in most samples of struc-
turally related minerals and compounds (see
Fig. 1.21).

In hydrocerussite, plumbonacrite, somersetite,
and grootfonteinite CO3/BOj3 are undistorted. As a
result, bands of admixed B—O-stretching vibrations
of BO337 anions are observed in the narrow
wavenumber range from 1200 to 1270 cm™'. In
contrast to these minerals, in mereheadite
Pb47024(OH)]3C125(BO3)2(CO3) B03 tﬁangles
are significantly distorted with B—O distances vary-
ing from 1.23 to 1.32 A (Krivovichev et al. 2009).
This results in splitting of the band of B-O-
stretching vibrations into several components
(at 1141, 1183, and 1261 cmfl); in addition,
broad band at 1324 cm™' corresponding to a
mixed mode involving B—O- and C-O-stretching
vibrations appears (curve d in Fig. 1.20).



This chapter contains IR spectra of mineral spe-
cies and varieties, most of which was not included
in the preceding reference books (Chukanov
2014; Chukanov and Chervonnyi 2016). Along
with spectra obtained by us, we provide most
reliable new data on infrared spectra of
791 minerals and related synthetic compounds
published elsewhere. Each spectrum is
accompanied with analytical data on the reference
sample, its occurrence and general appearance,
associated minerals, as well as kind of sample
preparation and/or method of registration of the
spectrum.

The Sects. 2.1, 2.2, 2.3, etc. are arranged in
ascending order of the atomic number Z, of the
main species-defining element for a given class of
minerals: first for borate minerals (with Z, = 5 for
boron), then for carbon, carbides, carbonates, and
organic substances (with Z, = 6 for carbon), for
nitrates (with Z, = 7 for nitrogen), for oxides and
hydroxides (with Z, = 8 for oxygen), and so on.

A total of 174 spectra presented in this chapter
have been obtained by one of the authors (NVC).
In order to obtain absorption infrared spectra,
powdered mineral samples have been mixed
with anhydrous KBr, pelletized, and analyzed
using an ALPHA FT IR spectrometer (Bruker
Optics, Ettlingen, Germany) with a resolution of
4 cm™ ! and 16 scans. IR spectrum of an analo-
gous disc of pure KBr was used as a reference. It
is important to note that reflectance mode IR
spectra, IR spectra obtained without immersion
medium (e.g., KBr), as well as IR spectra of

© Springer Nature Switzerland AG 2020
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updates

single crystals, coarse-grained, or textured
aggregates cannot be considered as stable and
reliable diagnostic characteristics of mineral spe-
cies due to specific effects induced by orientation,
polarization, scattering, and reflection conditions.
For example, in case of a single crystal, bands
corresponding to normal vibrations with polariza-
tion vector parallel to the direction of propagation
of IR radiation are absent in the spectrum. How-
ever these bands can be observed at another ori-
entation of the crystal. In more detail these
aspects were considered above (see Chukanov
and Chervonnyi 2016, the section “Sources of
Errors and Artifacts in IR Spectroscopy of
Minerals”). For the above reasons, only transmit-
tance or absorbance IR spectrum of a pulverized
sample dispersed in an immersion medium is a
stable characteristic of a mineral and can be used
as a diagnostic tool.

Additional information includes general
appearance, associated minerals, methods of the
mineral species identification, and the list of
wavenumbers of absorption bands with the indi-
cation of strong bands, weak bands, and
shoulders. IR spectroscopy itself can be consid-
ered as an adequate identification method if IR
spectrum is unique for a given mineral and
coincides with IR spectrum of a well-investigated
sample. For most synthetic samples the method of
synthesis is shortly characterized.

For more than 100 samples (mainly holotypes
of mineral species), a more detailed information is
given including unit-cell dimensions, symmetry,
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strongest reflections of the powder X-ray diffrac-
tion pattern, empirical formula, optical data,
density, etc.

The following abbreviations are used in this
chapter:

Mt. mountain

Co. county

IR infrared

D density

Dcs measured density
D, calculated density
apfu  atoms per formula unit

Z the number of formula units per unit cell

a, P, refractive indices for biaxial minerals

14

w, € refractive indices for uniaxial minerals

n refractive index for isotropic minerals

2V angle between optic axes

d interplanar spacing

1 relative intensity of a line in the powder
X-ray diffraction pattern

REE  rare-earth elements

Ln lanthanides

S strong band

IR Spectra of Minerals and Related Compounds, and Reference Samples Data

w weak band
sh shoulder
O vacancy

In most cases, the terms “strong band” and
“weak band” mean band having transmittance
minimum below and above any conventional
values, respectively. As a rule, “shoulder”
means inflection point of the spectral curve. For
the convenience of visual perception, the
positions of all peaks and shoulders in most
figures are indicated by arrows.

For the numeration of samples, double letter-
figure symbols are used. This numbering is a
continuation of the numbering used in the previ-
ous books of this series (Chukanov 2014;
Chukanov and Chervonnyi 2016). The meaning
of letter parts of the symbols is explained in
Table 2.1. It is to be noted that these designations
are conventional and not unambiguous. For
example, zirsilite-(Ce), Na;,_(Ce,
Na);CagMn;Zr;NbSi»50,3(0OH)3(CO5)-H,0, can
be classified as cyclosilicate, as zirconosilicate or
as carbonatosilicate.

Table 2.1 The meaning of letter symbols used in the numbering of reference samples

Symbol | Meaning of the symbol Symbol | Meaning of the symbol

Bo Borates with isolated orthogroups BO3 PSi Phosphato-silicates

B Other borates SSi Sulfato-silicates

BC Carbonatoborates TiSi Titanosilicates and related zircono-

, niobo-, and stannosilicates
BAs Arsenatoborates AsSi Arsenato-silicates
C Carbon and carbonates USi Silicates with uranyl groups UO,>*
(except nesosilicates)

Org Organic compounds and salts of organic acids P Phosphides and phosphates

N Nitrides and nitrates S Sulfates

O Oxides and hydroxides SC Carbonato-sulfates

F Fluorides SP Phosphato-sulfates

Sio Nesosilicates (i.e., silicates with orthogroups SiO,) SMo Sulfatomolybdates

Sid Sorosilicates (i.e., silicates with diorthogroups SiO; or Cl Chlorides and hydroxychlorides
SiAlO,)

Siod Silicates containing both orthogroups SiO, and \% Vanadates, V oxides, and
diorthogroups Si,O; hydroxides

Sit Triorthosilicates with groups Si;Oq Cr Chromates

Siot Ortho-triorthosilicates Ge Germanates

Sir Cyclosilicates As Arsenic, arsenides, arsenites,
(“r” means “ring”) arsenates, and sulfato-arsenates

Sic Inosilicates with chains formed by SiO4 and AlO4 UAs Uranyl arsenates
tetrahedra

(continued)
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Table 2.1 (continued)

Symbol
Sib

Sil

Sif
Sif Z
Si

Sia
BeSi

BSi
CSi

2.1

Meaning of the symbol
Inosilicates with bands formed by SiO,4 and AlO, tetrahedra

Phyllosilicates with layers formed by SiO,4 and AlO4
tetrahedra

Tectosilicates (aluminosilicates with 3d frameworks formed
by SiO, and AlOy, tetrahedra), except zeolites
Zeolites

Silicon, silicides, and silicates with unknown or complex
structures

Amorphous silicates
Beryllosilicates

Borosilicates and borato-silicates
Carbonato-silicates

Symbol
AsS
Se

Br

21

Meaning of the symbol
Sulfato-arsenates
Selenium, selenides, and selenites

Bromides and bromates

Molybdates and Mo-beariung
oxides

Tellurides, tellurites, and tellurates

Todides, iodites, and iodates
Xenates
Tungstates and W-bearing oxides

Borates, Including Arsenatoborates and Carbonatoborates

Bo036 Barium strontium orthoborate fluoride Ba;Sr,(BOs);Fs

VAR
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7

—

Transmittance
—_
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\/

N

M mpe T N OO

400 800 1200

Wavenumber (cm™)

Origin: Synthetic.

Description: Prepared from BaF,, BaCOj3, StCO3, and H;BOj; by using a high-temperature solid-state
technique. The crystal structure is solved. Hexagonal, space group P6smc, a = 10.8953(16),
c=6.9381(15) A, V="713312) A>, Z=2. Dy = 4.814 g/cm3. Characterized by powder X-ray
diffraction data.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Zhang et al. (2009a).

Wavenumbers (cm™'): 1312sh, 1255s, 1221s, 1177s, 921w, 810, 779, 771sh, 753, 604, 585.

Note: The wavenumbers were determined by us based on spectral curve analysis of the published
spectrum.

1600

2000
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Bo37 Barium zirconium orthoborate BaZr(BO;),
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Wavenumber (cm™)

Origin: Synthetic.

Description: Powder obtained by means of standard solid-state reaction from the stoichiometric
mixture of BaCO;, ZrO,, and B,0; pressed into a pellet and heated first at 550 °C for 48 h and
thereafter heated twice at 910 °C for 20 h. Trigonal, a = 5.167, ¢ = 33.913 A.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc (in the
1500—400 cm ™' region) and Nujol suspension (in the 50050 cm ™' region). Transmission.

Source: Maczka et al. (2015).

Wavenumbers (IR, cm_l): 1270s, 1230s, 998w, 761, 736, 613, 380sh, 369sh, 334s, 214, 195w,
137w, 109, 87sh.

Note: In the cited paper, Raman spectrum is given.

Wavenumbers (Raman, cm_l): 1272w, 1258w, 1250w, 1228s, 739w, 622w, 380s, 369s, 348w,
137, 112w, 59.

Bo038 Cesium beryllium orthoborate CsBe,(BOs);
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Origin: Synthetic.

Description: Prepared from Cs,COj3, BeO, and B,0; by solid-state reaction at 800 °C for 48 h in air.
The crystal structure is solved. Orthorhombic, space group Pnma, a = 8.3914(5), b = 13.3674(7),
c=6.4391(3) A, V="722.28(7) A*, Z = 4. D 4. = 3.176 g/cm’. Characterized by powder X-ray
diffraction data.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Huang et al. (2013a).

Wavenumbers (cm_l): (3430), (1625sh), 1430, 1360sh, 1339s, 1220sh, 1197s, 1020, 881, 840, 785s,
760, 722, 669, 595, 545, 501, 448.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum. The bands at 3430 and 1625 cm™' may correspond to adsorbed water. Weak
bands in the range from 2300 to 2400 cm ™' correspond to atmospheric CO».

Bo39 Calcium orthoborate fluoride Cas(BOj3)sF

A
v /

Transmittance
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e
.

T T 1 T 1
400 800 1200 1600

Wavenumber (cm”)

Origin: Synthetic.

Description: Synthesized by high-temperature solid-state reaction from the mixture of CaCOs,
H3;BO;, and CaF, with the molar ratio 9:6:1. After heating at 500 °C for 1 day, the mixture was
cooled down to room temperature, ground again, then pressed and sintered at 1000 °C for 2 days.
Monoclinic, space group a = 8.125(3), b = 16.051(5), ¢ = 3.538(2) A, p = 100.904)°, Z = 2.
Characterized by powder X-ray diffraction data.

Kind of sample preparation and/or method of registration of the spectrum: Transmission. Kind of
sample preparation is not indicated.

Source: Chen et al. (2006a).

Wavenumbers (cm_l): 1117s, 990, 852, 755w, 536, 420w.

Note: The IR spectrum contains additional bands in the range from 1500 to 4000 cm ' that correspond
to adsorbed (?) water molecules.
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Bo40 Lanthanum orthoborate La(BO5)
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Origin: Synthetic.

Description: Prepared hydrothermally from La,O5; and B,Oj3 at 200 °C for 24 h. Characterized by
powder X-ray diffraction data. Orthorhombic, a = 5.0960(8), b = 8.2514(4), ¢ = 5.8726(6) A.
Kind of sample preparation and/or method of registration of the spectrum: Absorption. Kind of

sample preparation is not indicated.
Source: Ma et al. (2007).

Wavenumbers (cm™'): 1347, 1310s, 1288s, 940, 705s, 613, 596w.
Note: The wavenumbers were partly determined by us based on spectral curve analysis of the

published spectrum.

Bo41 Lead aluminium orthoborate fluoride PbgAl(BO3),OF; PbgAl(BO3),0F;
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Origin: Synthetic.

Description: Prepared from a stoichiometric mixture of PbF,, Al,O3, and H3;BOj3; at 430 °C with
several intermediate grindings. Characterized by powder X-ray diffraction data. The crystal struc-
ture is solved. Orthorhombic, space group Cmca, a = 11.649(7), b = 18.300(11), ¢ = 6.394(4) A,
V=1363.1(15) A3 z=4. D . =7.488 g/cm3. In the structure, Al atoms coordinated by F (to form
slightly distorted AlF¢ octahedra) are situated between the [PbgBO;,F,(] layers.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Dong et al. (2012).

Wavenumbers (cm_l): 1648w, 1520w, 1219s, 912w, 761w, 702s, 665sh, 612sh, 561s, 533s, 423.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum.

Bo42 Lead bismuth orthoborate PbBi(BO3;)O
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Origin: Synthetic.

Description: Synthesized by solid-state reaction of a stoichiometric mixture of PbO, Bi,O3, and
H;BOj; powders. The crystal structure is solved. Orthorhombic, space group Cmca, a =10.782
(3), b = 10.502(3), c = 7.477(2) A, V = 846.7(4) A>, Z = 8. Deye = 7.704 g/cm®. Each Bi atom is
coordinated to six O atoms. The BiO¢ octahedra are connected via common vertices and edges to
form infinite [BiO,4] layer.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Zhao et al. (2011).

Wavenumbers (cm_l): 1480w, 1219s, 1189s, 897, 744, 711s, 603, 579, 526, 452sh, 437s, 422s.

Note: The wavenumbers were determined by us based on spectral curve analysis of the published

spectrum.
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Bo43 Lead cadmium orthoborate PbgCd(BOs)e
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Origin: Synthetic.

Description: Synthesized via solid-state reaction. Characterized by powder X-ray diffraction data. The
crystal structure is solved. Trigonal, space group R-3, a = 9.5584(16), ¢ = 18.670(3) A, V = 1477.2
4) A, Z=3. Doy = 7.159 g/em®.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Huang et al. (2013c).

Wavenumbers (cm_l): 1411, 917, 752, 736, 724, 621, 581, 454.

Note: The wavenumbers were determined by us based on spectral curve analysis of the published
spectrum.

Bo44 Lead copper orthoborate Pb,Cu(BOj3),
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Origin: Synthetic.

Description: Prepared by a solid-state reaction method using PbO, CuO, and B,0; as the starting
components in the molar ratio 2:1:1. Characterized by powder X-ray diffraction data. The crystal
structure is solved. Monoclinic, space group P2,/c, a = 5.6311(6), b = 8.7628(9), c = 6.2025(6) A,
p = 115.7060(10)°, V = 275.77(5) A>, Z = 2. Dy = 7.172 g/lem®. Cu atoms have rectangular

planar coordination.
Kind of sample preparation and/or method of registration of the spectrum: KBr disc.

Transmission.

Source: Pan et al. (2006).
Wavenumbers (cm_l): 1368sh, 1300sh, 1232s, 1195s, 1156s, 1024, 900, 694, 608, 575.

Note: The wavenumbers were determined by us based on spectral curve analysis of the published

spectrum.

Bo45 Lead orthoborate tungstate Pbg(BO3),(WO,4)O,
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Origin: Synthetic.

Description: Crystals obtained from the melt of Bi, O3, PbO, WO3, and H;BO; with the molar ratio of
3:12:2:2. Characterized by powder X-ray diffraction data. The crystal structure is solved. Ortho-
rhombic, space group Cmcm, a = 18.4904(5), b = 6.35980(10), ¢ = 11.6789(2) A, V=1373.38
(5) A3, Z=4. Dy = 7.935 glem’.

Kind of sample preparation and/or method of registration of the spectrum: Transmission. Kind of
sample preparation is not indicated.

Source: Li et al. (2011b).

Wavenumbers (cm_l): 1215s, 1190, 902w, 790s, 690s, 606, 560, 498.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the

published spectrum.
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Bo46 Lithium aluminium orthoborate Li;Al(BO3),
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Origin: Synthetic.

Description: Prepared from the mixture of Li,CO3, Al,O3, and H3;BOj in stoichiometric proportion, at
690 °C for 1-2 days, with one intermediate grinding. Characterized by powder X-ray diffraction
data. The crystal structure is solved. Triclinic, space group P-1, a = 4.876(8), b = 6.191(16),
¢ =7.91020) A, a = 74.46(18)°, p = 89.44(17)°, y = 89.52(18)°, V = 230.009) A3 Z = 2.
Deale = 2.388 g/em’.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: He et al. (2002).

Wavenumbers (cm~'): 1415, 1366, 1191s, 992, 946, 810, 770, 734, 618, 595, 531s, 475s, 410, 384.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum.
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Bo47 Lead orthoborate tungstate Pbg(BO5),(W0O4)0O,

I A [
I
i
o L] /
Mo
i ima—. /
il \ |
| | \[/
\ N

Wavenumber (cm'l)

Origin: Synthetic.

Description: Obtained by a solid-state reaction method. The crystal structure is solved. Orthorhombic,
space group Cmem, a = 18.480(4), b = 6.3567(13), ¢ = 11.672(2) A, V = 1371.1(5) A®, Z = 4.
Deae = 7.948 glem?.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Reshak et al. (2012b).

Wavenumbers (cm_l): 1216s, 790s, 694, 606.5, 561, 500.5, 441, 409.

Bo48 Lithium strontium orthoborate LiSr,(BO5);
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Origin: Synthetic.

Description: Obtained in the solid-state reaction from the stoichiometric mixture of Li,CO;, SrCOs,
and H;BOj; at 750 °C, with several grindings. Characterized by powder X-ray diffraction data. The
crystal structure is solved. Cubic, space group la-3d, a = 14.95066(5) A, V = 3341.80(3) 10\3,
Z = 16. Dye = 4.243 g/em’. In the structure, isolated BO5 groups are perpendicular to each other.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Absorption.

Source: Wu et al. (2005).

Wavenumbers (cm_l): 1284s, 1182s, 788, 758s, 607, 565w, 362.

Bo49 Magnesium orthoborate fluoride Mgs(BO;);F
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Origin: Synthetic.

Description: Crystals grown from the flux prepared from MgF,, LiF, Na,COj;, and H3;BOs.
Characterized by powder X-ray diffraction data. The crystal structure is solved. Orthorhombic,
space group Pnma, a = 10.068(5), b = 14.858(7), ¢ = 4.540(2) A, v =679206) A3, Z = 4.
Deale = 3.100 g/em?.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Bai et al. (2014).

Wavenumbers (cm~"): 1308s, 1262s, 1243s, 1168s, 900sh, 790sh, 739s, 680, 606, 510, 478, 433.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum. The band designed by the authors as 1275 cm ™' is a doublet 1262+1243 cm ™.
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Bo50 Potassium calcium orthoborate KCa,(BO5);
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Origin: Synthetic.

Description: Obtained by heating stoichiometric mixture of K,CO;, CaCOj, and H3BO; first at
600 °C to decompose carbonates, and thereafter at 900 °C for 72 h. The crystal structure is solved.
Orthorhombic, space group Ama2, a = 10.63455(10), b = 11.51705(11), ¢ = 6.51942(6) A,
V =1798.492) A3, Z = 4. Dy = 3.161 g/em’.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Wu et al. (2006a).

Wavenumbers (cm_l): 1266s, 1226s, 1207s, 1150, 902, 804w, 772, 731, 636, 599, 362s, 301s, 232.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum.

Bo51 Potassium magnesium orthoborate KMg(BO;)
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Origin: Synthetic.

Description: Prepared through solid-state reaction from the stoichiometric mixture of metal carbonates
and H3BOj;. Characterized by powder X-ray diffraction data. The crystal structure is solved. Cubic,
space group P23, a = 6.83443(4), V = 319.23(1) A>, Z = 4. Doy = 2.543 g/em’.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Absorption.

Source: Wu et al. (2010a).

Wavenumbers (cm™"): 1567sh, 1381sh, 1331s, 1314s, 1040sh, 920w, 882w, 774, 747s, 641s, 547.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum. The band designed by the authors as 1318 cm ™' is a doublet 1331+1314 cm ™.

Bo52 Potassium strontium orthoborate KSr,(BOs);
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Origin: Synthetic.

Description: Synthesized by solid-state reaction of a stoichiometric mixture of K,COj3, SrCOj3, and
H;BO;, heated first at 400 °C for 5 h and thereafter at 900 °C for 48 h with several intermediate
grindings. Characterized by powder X-ray diffraction data. The crystal structure is solved. Ortho-
rhombic, space group Ama2, a = 11.025(10), b = 11.977(10), ¢ = 6.872(6) A, v=907.4014) A3,
Z =4. Deye = 4.143 glem®.

Kind of sample preparation and/or method of registration of the spectrum: No data.

Source: Zhao et al. (2012).
Wavenumbers (cm_l): 1458, 1408s, 1357, 1321, 1284s, 1135w, 1067, 997s, 931s, 862s, 930, 862,

809, 756, 726, 705, 679, 629, 615, 596, 586sh, 566w, 431w.
Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum.
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Bo053 Samarium orthoborate Sm(BO5)
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Origin: Synthetic.

Description: Synthesized by a solid-state method from stoichiometric amounts of H;BO5 and Sm,03
first at 500 °C for 5 h, thereafter at 700 °C for 5 h, and finally at 900 °C for 5 h with intermediate
grindings. Characterized by powder X-ray diffraction data. Triclinic (see JCPDS card No. 13-0489).
Contains minor admixture of the vaterite-type polymorph.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Velchuri et al. (2011a).

Wavenumbers (cm_l): 1384sh, 1315s, 1215, 1166s, 939, 759, 725, 669, 576w, 559w.

Bo54 Scandium lanthanum orthoborate LaSc;(BO3)4
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34 2 IR Spectra of Minerals and Related Compounds, and Reference Samples Data

Origin: Synthetic.

Description: Bi-doped single crystals obtained by means of spontaneous crystallization from flux at
starting molar composition of the melt La;05:Sc,05:Bi,05:B,03 = 1:1.5:13:13. The crystal
structure is solved. Trigonal, space group R32, a = 9.8370(14), ¢ = 7.9860(14) A, Z = 3. The
empirical formula is (electron microprobe): Big > Lag 91S¢,.85(BO3)4.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc and Nujol
mull. Absorption.

Source: Maczka et al. (2010).

Wavenumbers (IR, cm_l): 1322sh, 1292s, 1224sh, 1208s, 964w, 774w, 749, 720, 662, 628w, 467sh,
412s, 362w, 339w, 300, 285sh, 253, 226w, 208w, 173w, 85, 67w.

Note: In the cited paper, polarized Raman spectra of an oriented single crystal are given.

Wavenumbers (Raman, for the x(yy)x polarization, cm™Y): 1406, 1278, 1248sh, 1232, 1223,
983, 968w, 738, 712w, 663, 626, 607, 590, 457, 430s, 393sh, 384, 339s, 307sh, 298, 293,
248, 230, 227, 222sh, 207w, 176, 155, 90.

Bo55 Sodium calcium orthoborate NaCa(BOs)
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Origin: Synthetic.

Description: Orthorhombic. In the crystal structure, Na and Ca atoms are disordered.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Absorption.

Source: Wu et al. (2006b).

Wavenumbers (cm™Y): 1267s, 1254sh, 1245s, 1223s, 1196s, 1177s, 1148sh, 933w, 909w, 876w,
798, 747w, 647w, 603, 385sh, 375.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum.
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B056 Sodium calcium orthoborate NaCa,(BO3);
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Origin: Synthetic.

Description: Polycrystalline sample prepared by sintering a stoichiometric mixture of Na,COs,
CaCOs, and H3BOs3, first at 600 °C and thereafter at 880 °C for 72 h with intermediate grinding.
Characterized by powder X-ray diffraction data. The crystal structure is solved. Orthorhombic,
space group Ama2, a = 10.68004(11), b = 11.28574(11), ¢ = 6.48521(6) A, V = 781.68(2) A®,
Z = 4. Doye = 3.056 g/lem?.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Absorption.

Source: Wu et al. (2006a).

Wavenumbers (cm_l): 1261s, 1213s, 1146, 901w, 784w, 752, 726, 638w, 605w, 356s, 316s, 296s,
263sh, 229w.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the

published spectrum.

Bo57 Sodium lanthanum orthoborate Nazlag(BO3)305
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36 2 IR Spectra of Minerals and Related Compounds, and Reference Samples Data

Origin: Synthetic.

Description: Synthesized from La,;03, Na,CO3, and H3;BOj; by using high-temperature solid-state
techniques, first at 600 °C for 10 h and thereafter at 1100 °C for 36 h with intermediate grinding.
Characterized by powder X-ray diffraction data and elemental analysis. Hexagonal, a = 78.9214,
¢ = 8.7267 A. The strongest lines of the powder X-ray diffraction pattern [d, A (1, %) (hkl)] are:
4.3378 (46) (002), 3.1032 (100) (112), 2.9038 (60) (210), 2.2140 (56) (302), 2.1724 (34) (004),
2.1682 (38) (221), 2.0724 (32) (311), 1.5661 (53) (412).

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Zhang et al. (2005).

Wavenumbers (cm_l): 1583w, 1574w, 1497w, 1356s, 1335s, 1307sh, 1287s, 1274sh, 1245s, 1212s,
1188s, 1143s, 959, 904, 798, 778, 739, 694, 620, 596, 568, 463, 437.

Note: The wavenumbers were determined by us based on spectral curve analysis of the published
spectrum.

Bo58 Sodium samarium orthoborate Na;Sm,(BOs3);
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Origin: Synthetic.

Description: Synthesized by heating a mixture of Sm,03, Na,CO5, and H3;BO; first at 500 °C for 10 h,
and thereafter (after intermediate grinding) at 800 °C for 24 h. Orthorhombic, a = 5.0585,
b = 11.0421, ¢ = 7.0316 A. The strongest lines of the powder X-ray diffraction pattern [d, A (I,
%) (hkl)] are: 5.5210 (58) (020), 5.0521 (80) (100), 3.7232 (69) (120), 2.9685 (65) (022), 2.8851
(81) (102), 2.5602 (100) (122).

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Zhang et al. (2002b).

Wavenumbers (cm_l): 1268s, 1208s, 980, 939, 923sh, 890sh, 781, 749, 735s, 676, 647w, 627, 600,
568sh, 509w, 473sh.

Note: The wavenumbers were determined by us based on spectral curve analysis of the published
spectrum.
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B059 Sodium strontium orthoborate NaSr,(BO5);

Transmittance

Origin: Synthetic.
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Description: Obtained in the solid-state reaction from the stoichiometric mixture of Na,COs3, SrCOs,
and H3BOj; at 800 °C, with several grindings. Characterized by powder X-ray diffraction data. The
crystal structure is solved. Cubic, space group la-3d, a = 15.14629(6), V = 3474.71(4) AB, Z=16.

Deate = 4.203 g/em?. In the structure, isolated BO5 groups are perpendicular to each other.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Absorption.

Source: Wu et al. (2005).

Wavenumbers (cm_l): 1283s, 1182s, 785, 753s, 605, 578w, 307s.

B060 Sodium strontium orthoborate NaSr(BOs)
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38 2 IR Spectra of Minerals and Related Compounds, and Reference Samples Data

Origin: Synthetic.

Description: Prepared by heating a mixture of Na,COj;, SrCOj;, and H;BO; first at 650 °C and
thereafter at 850 °C for 72 h with intermediate grinding. Characterized by powder X-ray diffraction
data. The crystal structure is solved. Monoclinic, space group P2,/c, a = 5.32446(7), b = 9.2684(1),
c = 6.06683(8) A, p = 100.589(1)°, V = 294.30(8) A®, Z = 4. Deye = 3.824 glem’.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Absorption.

Source: Wu et al. (2006b).
Wavenumbers (cm_l): 1331, 1305sh, 1280s, 1257s, 1243sh, 815, 780, 605, 583, 323sh, 287s, 270sh.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum.

Bo61 Zinc orthoborate hydroxide Zng(BO3);0,(OH);
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Origin: Synthetic.

Description: Prepared hydrothermally from a mixture of 0.637 mmol of Zn3B,Og, 0.2 ml of
CH;COOH, 0.2 ml of NH,CH,CH,NH,, and 1 ml of H,O, at 170 °C for 1 week. Characterized
by powder X-ray diffraction data. The crystal structure is solved. Trigonal, space group R32,
a =8.0062), c = 17.751(2) A, V = 985.3(4) A®, Z = 3. Deye = 3.956 g/em’.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Chen et al. (2006b).

Wavenumbers (cm™'): 3570, 3550sh, (3497), (3471), (3435), (3405), (3368), 2660w, 2546w,
2505sh, 2230w, 2197w, 1605sh, 1334sh, 1285sh, 1249s, 1032w, 927w, 861, 758, 730s, 705sh,
653, 530sh, 513s, 481sh, 465.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum.
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Bo062 Zinc orthoborate orthophosphate Zn3;(BO3)(PO,)
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Origin: Synthetic.

Description: Prepared by heating a mixture of ZnCOj3, H;BO3, and (NH,4),(HPO,), taken in stoichio-
metric amounts, at 870 °C. Characterized by powder X-ray diffraction data. Hexagonal, a = 8.435
(4), ¢ = 13.032(6) A. The strongest reflections are observed at 4.2113 and 2.5761 A.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Wang et al. (2002).

Wavenumbers (cm™!): 1458w, 1392w, 1342w, 1306sh, 1268, 1230s, 1098, 1071, 1013s, 975sh,
819sh, 751sh, 728, 685sh, 645, 592, 552, 464, 438.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum.

B063 Cobalt dinickel orthoborate CoNi,(BOs3),
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40 2 IR Spectra of Minerals and Related Compounds, and Reference Samples Data

Origin: Synthetic.

Description: Synthesized by heating a stoichiometric mixture of cobalt nitrate, nickel nitrate, and boric
acid, first at 450 °C for 4 h, thereafter (after cooling to room temperature and grinding) at 600 °C for
3 h, and finally at 900 °C for 48 h. Characterized by powder X-ray diffraction data. Isostructural
with kotoite. Orthorhombic, space group Pnmn, a = 5.419(9), b = 8.352(0), c = 4.478(8) A z=2.
Dpcas = 4.48 g/cm3. The strongest lines of the powder X-ray diffraction pattern [d, A (I, %) (hkD))
are: 3.9420 (38) (011), 2.6591 (100) (121), 2.4755 (36) (130), 2.2339 (55) (211), 1.7258 (30) (202),
1.6610 (33) (132).

Kind of sample preparation and/or method of registration of the spectrum: Transmission. Kind of
sample preparation is not indicated.

Source: Giiler and Tekin (2009).

Wavenumbers (cm ~'): 3564, 3490, 3426, 2360, 2340sh, 1613, 1382, 1285sh, 1253, 1180, 712, 688,
622, 476, 422sh.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum. The sample is strongly contaminated with a hydrous phase (the bands at
3564, 3490, 3426, and 1613 cmfl). The bands at 2360 and 2340 cm ™! may correspond to
atmospheric CO,.

Bo064 Berborite Be,(BO53)(OH,F)-H,O
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Origin: Vevja quarry, Tvedalen, Larvik, Vestfold, Norway.

Description: Colorless crystals from the association with natrolite. Holotype sample. Characterized by
single-crystal X-ray diffraction data.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Absorption.

Wavenumbers (cm™"): 3508, 3370sh, 3275sh, 3060sh, 2865, 2745sh, 2630sh, 2483, 2080sh, 1862,
1676, 1420, 1307s, 1065w, 1015sh, 895, 807s, 741s, 676, 648, 586, 520sh, (445w), (419w), 384w.

Note: The spectrum was obtained by N.V. Chukanov.
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B160 Liineburgite Mg;[B,(OH)(PO,),]-6H,0
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Origin: Morro Megjillones, Mejillones Peninsula, Mejillones, Antofagasta, II Region, Chile.

Description: Yellow nodule from clay. Investigated by 1.V. Pekov. Identified by IR spectrum and
qualitative electron microprobe analyses.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Absorption.

Wavenumbers (cm™): 3505, 3431s, 3397s, 3258, 3225s, 3113, 2974, 2639w, 2450w, 2295w, 1665,
(1560w), 1326, 1283, 1185, 1122s, 1075s, 1020s, 974, 895, 834, 785, 709, 665, 636, 600sh,
576, 538, 522, 465w, 393, 383.

Note: The spectrum was obtained by N.V. Chukanov.

B161 Ammonium pentaborate (NH,)BsOg
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42 2 IR Spectra of Minerals and Related Compounds, and Reference Samples Data

Origin: Synthetic.

Description: Crystals of commercially available ammonium pentaborate grown from aqueous solu-
tion. Characterized by powder X-ray diffraction data. Monoclinic, a = 7.189(5), b = 11.308(5),
c=7217(6) A, p = 100.12(7)°, V = 578(2) A>.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Balakrishnan et al. (2008).

Wavenumbers (cm_l): 3436s, 3327sh, 1642, 1433s, 1397s, 1355s, 1245, 1102, 1024, 924, 782,
695, 591w, 504w.

Note: In the cited paper, the wavenumber 1245 cm ™! is erroneously indicated as 1345 cm ™.

B162 Barium borate BaBgO;;(OH),
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Origin: Synthetic.

Description: Synthesized from Ba(NOj3), and H;BO; by using a low-temperature molten salt tech-
nique at 458 K. The crystal structure is solved at 173 K. It is built from borate layers consisting of
[B6Oo(OH)] clusters. Monoclinic, pseudo-orthorhombic, space group P2,/n, a = 7.9080(16),
b =13.939(3), ¢ = 10.047(2) A, = 90.00(3)°, V = 1107.6(4) A>, Z = 4. D . = 2.806 g/cm®.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Sun et al. (2010a).

Wavenumbers (IR, cm™"): 3416, 3377s, 2443w, 1630, 1456sh, 1404s, 1361s, 1317s, 1225, 1185,
1131, 1038s, 1003s, 962, 933, 890, 804, 771w, 734, 686sh, 668, 635, 599w, 539w, 486w.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum. In the cited paper, Raman spectrum is given.

Wavenumbers (Raman, cm™"): 1305, 1170w, 1112w, 1011s, 1050w, 987s, 886w, 858, 822, 761s,
736s, 658, 638, 540, 472s, 453s, 434, 424, 410, 367s, 243, 202w, 166w, 135w, 116s.



2.1 Borates, Including Arsenatoborates and Carbonatoborates 43

B163 Barium calcium diborate BaCa(B,Os)
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Origin: Synthetic.

Description: Crystals grown from the mixture of barium nitrate, calcium oxide, and boric acid first
preheated at 500 °C for 7 h, then gradually heated to 900 °C, and kept at this temperature for 72 h with
several intermediate grindings and mixing. The crystal structure is solved. Monoclinic, space group
P2i/c, a = 6.568(2), b = 20.545(7), ¢ = 8.201(2) A, f = 117.002)°, Z = 4. Deye = 3.759 glem?.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Liu et al. (2015b).

Wavenumbers (cm_l): 1615sh, 1405sh, 1383s, 1214, 1117s, 954, 881sh, 819, 735, 637sh, 600.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum.

B164 Ammonium calcium borate (NH,),Ca[B,05(OH),],-8H,0
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44 2 IR Spectra of Minerals and Related Compounds, and Reference Samples Data

Origin: Synthetic.

Description: Synthesized through slow evaporation of a solution containing CaCl,, H3BO3 and NH3.
Characterized by powder X-ray diffraction data. The crystal structure is solved. Orthorhombic,
space group P2,2,2,, a =11.556(7), b = 12.583(8), c = 16.679(8) A, V = 24252(2) A, Z = 4.
Deae = 1.651 glem?.

Kind of sample preparation and/or method of registration of the spectrum: Transmission. Kind of
sample preparation is not indicated.

Source: Li et al. (2011a).
Wavenumbers (cm_l): 3392s, 3210s, 3055, 2927, 2427, 2090, 1592s, 1482sh, 1429s, 1399s, 1322,

1238w, 1131, 1078s, 1057sh, 1018, 980, 957, 928, 825, 802, 784, 743, 710, 673, 572, 529, 507,

428.
Note: The wavenumbers were partly determined by us based on spectral curve analysis of the

published spectrum.

B165 Cesium calcium borate Cs,Ca[B,05(OH),],-8H,O
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Origin: Synthetic.

Description: Crystals grown by slow evaporation from the 2:1 (vol.) aqueous acetone solution of
Cs,CO3, CaCl,, and H3;BO; with a molar ratio of 2:1:8. The crystal structure is solved. Orthorhom-
bic, space group P2,2,2,, a = 11.5158(7), b = 12.8558(7), ¢ = 16.7976(10) A, V = 2486.8(3) A?,
Z=4.D.. = 2224 g/cm3. Characterized by DSC and TG data.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Huang et al. (2013b).
Wavenumbers (cm_l): 3620, 3440s, 3313s, 3205s, 2602w, 2440w, 1668, 1626, 1450s, 1345s,

1229w, 1147, 1121, 1060s, 1003s, 946s, 904sh, 831s, 814sh, 705, 663, 588, 532, 466, 434sh.
Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum.
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B166 Calcium borate CaBgO,
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Origin: Synthetic.

Description: Colorless crystals prepared from corresponding oxides by solid-state reaction at 735 °C
for 2 weeks. Characterized by powder X-ray diffraction data. The crystal structure is solved.
Monoclinic, space group P2i/c, a = 9.799(1), b = 8.705(1), ¢ = 9.067(1) A, p = 116.65(1)°,
V =691.23(13) A®, Z = 4. Doy = 2.546 glem’.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Chen et al. (2008b).

Wavenumbers (cm_l): 2369w, 2264w, 1406s, 1342sh, 1150s, 1191s, 1088s, 1008sh, 942, 916,
815w, 769sh, 705w, 672w, 635w, 533, 504sh, 418w.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum.

B167 Calcium tetraborate S-CaB,0,
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46 2 IR Spectra of Minerals and Related Compounds, and Reference Samples Data

Origin: Synthetic.

Description: High-pressure f-modification isotypic with orthorhombic SnB,O.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Knyrim et al. (2007).

Wavenumbers (cm™"): 1623sh, 1353, 1285sh, 1193, 1142, 1067s, 982s, 896, 884sh, 826, 814, 788sh,

765, 736, 712, 650, 623s, 604, 558, 509, 446w.
Note: The wavenumbers were determined by us based on spectral curve analysis of the published

spectrum.

B168 Dicalcium hexaborate monohydrate Ca,Bs0,;-H,O
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Origin: Synthetic.

Description: Synthesized hydrothermally from H3;BO; and CaO mixed with the mole ratio ranging
from 1.5:1 to 2:1, at 234-300 °C for 48-96 h. Characterized by powder X-ray diffraction data.
Orthorhombic, space group Pbn2,.

Kind of sample preparation and/or method of registration of the spectrum: Transmission. Kind of
sample preparation is not indicated.

Source: Guo et al. (2000).

Wavenumbers (cm™'): 3530, 3458s, 2908w, 2842w, 1623w, 1438, 1403, 1282s, 1171, 1121, 1066s,
1019s, 966s, 953s, 905, 871, 842, 767, 701, 686, 643, 623, 559, 524, 482, 422w.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum.



2.1 Borates, Including Arsenatoborates and Carbonatoborates 47

B169 Dipotassium sodium zinc pentaborate K,NaZnBsO,,
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Origin: Synthetic.

Description: Synthesized by employing a high-temperature solution reaction method. The crystal
structure is solved. Monoclinic, space group C2/c, a = 7.9244(16), b = 12.805(3), c = 18.962(4) A,
f=99.39(3)°, V= 1898.4(7) A>, Z = 8. Dyc = 2.663 glem’.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Chen et al. (2010).
Wavenumbers (cm_l): 1447s, 1436sh, 1394s, 1358s, 1272s, 1199s, 1132, 1060sh, 1032, 1006,

949, 928, 883sh, 827, 777, 752, 726, 702sh, 673sh, 635w, 606sh, 557w, 527w, 498sh, 477w,
462w, 440w, 417w.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum.

B170 Double-ring borate (Na,K)3Sr(BsO;9) (Na,K);Sr(Bs50,)
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48 2 IR Spectra of Minerals and Related Compounds, and Reference Samples Data

Origin: Synthetic.

Description: Synthesized from the melt prepared from Na,COj3, SrCO3;, H3BO3, and K,B405 in the
molar ratio 3:2:10:2 at 800 °C for 10 days. Triclinic, space group P-1, a = 7.3900(15), b = 7.6490
(15), ¢ = 9.7732) A, a = 79.31(2)°, = 70.85(2)°, y = 62.09(1)°, V = 460.82(17) A*, Z = 2.
Deaie = 2.766 glem?.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Chen et al. (2011).

Wavenumbers (cm_l): 1449s, 1400sh, 1386s, 1322sh, 1225sh, 1183s, 1085, 1061, 1051, 1029, 1011,
934, 910, 834sh, 776, 760, 748, 728, 702, 628w, 620w, 573w, 560w, 508w, 465w, 450sh,
430w, 416w.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum.

B171 Lead borate PbﬁBllols(OH)g PbgB110:5(OH)g
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Origin: Synthetic.

Description: Synthesized hydrothermally from Pb(CH;COOQO), and H3;BO; in the presence of
H,NCH,CH,NH, and CH;COOH, at 180° for 2 days. The crystal structure is solved. Trigonal,
space group P3,,a = 11.7691(7), c = 13.3361(12) A, V=1599.72) A3, Z=3. Doy = 5.615 g/cm3.
The structure is based on infinite and finite chains built up from BO, and BO; units.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Yu et al. (2002).

Wavenumbers (cm™"): 3600sh, 3550sh, 3440s, 1858w, 1823w, 1768sh, 1755sh, 1715sh, 1668sh,
1628, 1532w, 1495w, 1430sh, 1357, 1300s, 1270sh, 1162sh, 1080s, 1051sh, 936, 877sh, 867sh,
856, 814, 723, 685sh, 554, 490sh, 459.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum.
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B172 Lead borate PbB,O; PbB,0O,
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Origin: Synthetic.

Description: Obtained from stoichiometric melt of PbO and B,O5 heated to 1060 K. Orthorhombic
P21nm, space group, a = 4.251, b = 4.463, ¢ = 10.86 A, Z = 2. Characterized by powder X-ray
diffraction data.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc (for the
1500—400 cm ™' region) and Nujol mull (for the 500—50 cm™" region). Transmission.

Source: Hanuza et al. (2008b).

Wavenumbers (cm™"): 1215sh, 1152s, 1083s, 1009s, 959s, 881, 808, 761, 715, 652, 629, 612, 545,
505w, 486sh, 432w, 350w, 291w, 258w, 245w, 145sh, 116, 65sh.

Note: In the cited paper, Raman spectra are given for different polarization and crystal orientation.

B173 Lithium aluminoborate Li,AIBO,
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Origin: Synthetic.

Description: Prepared from a stoichiometric mixture of Li,CO3, B,03, and Al,O3 (corundum) by
solid-state reaction at 600 °C for ca. 2 months. Characterized by powder X-ray diffraction data. The
crystal structure is solved. Monoclinic, space group P2,/c, a = 6.27203), b = 5.0701(3),
c = 10.2989(6) A, g = 95.882(2)°, V = 325.78 A?, Z = 4. D . = 2.63 g/cm®. The structure is
based on the sheets consisting of metaboroaluminate rings, B,Al,Og, which are formed of
alternating corner-sharing AlO, tetrahedra and BO; triangles.

Kind of sample preparation and/or method of registration of the spectrum: Reflectance data for a
pelletized sample have been transformed by Kramers-Kronig analysis and presented in the absorp-
tion coefficient formalism.

Source: Psycharis et al. (1999).

Wavenumbers (cm™"): 1441, 1404, 1396sh, 1360sh, 1248, 1215sh, 1176, 1199s, 956, 907s, 786sh,
776,751,705, 632,593, 569, 523, 493s, 438sh, 426, 384, 330, 315, 278, 245w, 229w, 195w, 182w,
159w, 105w.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum.

B174 Lithium cesium borate LisCs3;B,04 Li,Cs3B;014
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Origin: Synthetic.

Description: Synthesized via solid-state reaction from the mixture of Li,CO;, Cs,COs3, and H;BOj3 in
a molar ratio of 4:3:14, at 560 °C, for 48 h, with several intermediate grindings and mixings.
Characterized by powder X-ray diffraction data. The crystal structure is solved. Trigonal, space
group P3,21, a = 6.9313(6), ¢ = 26.799(3) A, V = 1115.01(19) A*, Z = 3. D . = 3.244 g/em’.
The crystal structure contains isolated tricyclic B;O 4 units in which five trigonal BO3 units and two
tetrahedral BO, units are linked by vertical oxygen atoms.
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Kind of sample preparation and/or method of registration of the spectrum: KBr disc.

Transmission.

Source: Yang et al. (2011e).

Wavenumbers (cm™'): (3428w), 1512sh, 1458s, 1421s, 1288, 1201sh, 1165s, 1090, 934, 905,
828, 766, 728, 707sh, 679, 635, 579.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum. The wavenumber at 1129 cm ™' given by the authors is erroneous.

B175 Lithium sodium borate LiNaB40, LiNaB O,
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Origin: Synthetic.

Description: Synthesized from the mixture of Na,CO5, Ga,O3, H;BO3, and Li,B,05 in the molar ratio
2:1:8:1 by employing high temperature solution reaction method. Ga,Oj3 acted as a flux for the
crystal growth. Characterized by powder X-ray diffraction data. The crystal structure is solved.
Orthorhombic, space group Fdd2, a = 13.326(3), b = 14.072(3), ¢ = 10.238(2) A, V=19199
) A3 z=16. Dy =2.563 g/cm3. The basic structural unit is a bicyclic B4Og group that consists
of two vertex-sharing BO, tetrahedra and two bridging BOj triangles.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Reshak et al. (2012a).

Wavenumbers (cm_l): 1440sh, 1369s, 1339sh, 1283sh, 1126, 968s, 900, 885sh, 848, 786, 759, 722,
678, 648, 637sh, 605sh, 543, 505, 479w, 453w, 423w.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum.
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B176 Lithium strontium borate Li,SryB{,0,3 Li,SrsB;,0,3
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Origin: Synthetic.

Description: Synthesized from stoichiometric mixture of Li,CO3, SrCOj3;, and H3;BOj; by solid-state
reaction method at 710 °C for 60 h, with several intermediate grindings and mixings. Characterized
by powder X-ray diffraction data. The crystal structure is solved. Monoclinic, space group P2,/c,
a = 6.4664(4), b = 8.4878(4), ¢ = 15.3337(8) A, = 102.024(3)°, V = 823.13(8) A%, Z = 2.
Dy = 3.478 g/cm3. The structure is based on the B;7O;g network, consisting of BO, tetrahedra
and BOj; triangles, and isolated B,O5 unit.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Zhang et al. (2012a).

Wavenumbers (cm_l): 1488sh, 1442, 1345, 1264, 1129s, 1081s, 989s, 942s, 913s, 865, 791,
767, 708, 681, 627, 606, and a series of weak bands below 600 cm

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum.
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B177 Lithium tetraborate Li,B,0O,

™ AN
' /V\mf I \U\J\f\ A /1
] U\ |
TN /
g W |
[ L
= / |
\
I
005 0 A O N (1 ﬁmﬁ? M T T T 1T

100 300 500 700 900 1100 1300 1500

Wavenumber (cm"l)

Origin: Synthetic.

Description: Single crystals grown by the Czochralski method from a stoichiometric melt.
Characterized by powder X-ray diffraction data. The crystal structure is solved. Tetragonal, space
group I14,cd, a =9.477, c = 10.286 A, Z = 8. The structure contains pairs of BO, tetrahedra linked
by a common O atom to form a B,O; group. BO; triangles join these groups to yield a B4O;
network.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc (for the
region 500-1600 cm™'), CsI disc (200700 cm™ '), and polyethylene disc (50-300 cm™).
Absorption.

Source: Zhigadlo et al. (2001).

Wavenumbers (cm™'): 1458, 1378s, 1358s, 1330, 1142, 1021sh, 980s, 904s, 888sh, 809w,
780, 763sh, 719, 710, 691, 683, 666, 656, 600w, 549, 516, 509, 491w, 461w, 419, 348,
315, 297sh, 262, 226sh, 201, 191sh, 167, 156, 125, 94w, 77w, 61w.

Note: The wavenumbers were determined by us based on spectral curve analysis of the published
spectrum.



54 2 IR Spectra of Minerals and Related Compounds, and Reference Samples Data

B178 Magnesium strontium diorthoborate MgSr(B,0s)

A\ \/N\

. /
2 ) /
A NI
Anui /
1

A T AN

RN

T e \"/\TT\W{\TAT/

Wavenumber (cm’')

Origin: Synthetic.

Description: Synthesized by solid-state reaction from the stoichiometric mixture of MgO, Sr(NO3),,
and H;BO; heated first at 500 °C for 24 h and then at 900 °C for 72 h with several intermediate
grindings and mixings. Characterized by powder X-ray diffraction data. The crystal structure is
solved. Monoclinic, space group P2,/c, a = 6.478(4), b = 5.327(4), c = 12.048(8) A, p =102.805
(8)°, V =1405.4(5) A%, Z = 4. Doy = 3.499 g/em®.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Guo et al. (2014b).

Wavenumbers (em™'): 1415s, 1372s, 1333s, 1293s, 1260s, 1197s, 1157s, 1006, 849w, 780sh,
729, 685, 643, 492, 440.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum.

B179 Potassium barium borate KBaBsOy KBaB;0,
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Origin: Synthetic.

Description: Prepared by the solid-state reaction of a stoichiometric mixture containing KNO3, Ba
(NOs3),, and H3BOs3, first at 500 °C for 4 h, and thereafter (after regrinding) at 650 °C and for 48 h.
Characterized by powder X-ray diffraction data. The crystal structure is solved. Monoclinic, space
group P2,/c, a = 6.7168(11), b = 8.2724(13), ¢ = 14.262(2) A, = 92.724(2)°, V=T791.5(2) A®,
Z = 4. Deye = 5.572 glem’.

Kind of sample preparation and/or method of registration of the spectrum: Transmission. Kind of
sample preparation is not indicated.

Source: Yu et al. (2014).

Wavenumbers (cm_l): 1428s, 1325s, 1251sh, 1221, 1100, 1065, 1002sh, 955s, 898s, 858s, 811, 784,
735, 697, 646, 620, 598sh, 560, 491w, 464w, 424w.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum.

B180 Potassium borate KB;05-H,O KB;05-H,O
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Origin: Synthetic.

Description: Prepared in the reaction between fine powders of K,B407-4H,0 and KB5Og-4H,O under
exposure of water vapor, with subsequent heating to 110 °C. X-ray amorphous. Characterized
by DTA.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Salentine (1987).

Wavenumbers (cm_l): 1645sh, 1450sh, 1360s, 1270sh, 1165sh, 1048s, 1033sh, 923, 870, 816sh,
753,701, 455w.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum.
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B181 Potassium chloride borate perovskite-related K;BsO,(Cl
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Origin: Synthetic.

Description: Prepared by heating stoichiometric mixture of K,COj3, KCl, and H3BO3, first at 500 °C
for 10 h and thereafter (after intermediate grinding) at 720 °C for 2 days. Characterized by powder
X-ray diffraction data. The crystal structure is solved. Trigonal, space group R3m, a = 10.0624(14),
c=8.8361(18) A, V ="774.82) A®>, Z = 3. Deyc = 2.428 g/cm>. The structure is based on a 3D
framework containing [BgO;¢] units in which three BO, tetrahedra are shared by the oxygen vertex
and are connected with three BOj3 triangles.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Wu et al. (2011).

Wavenumbers (cm_l): 1446, 1411sh, 1340sh, 1315s, 1176, 1006s, 996sh, 877s, 825, 755, 734, 686,
634, 597, 568, 491, 444sh.

B182 Potassium pentaborate KB;Og
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Origin: Synthetic.

Description: Crystals obtained by slow evaporation of aqueous solution containing potassium car-
bonate and boric acid in the stoichiometric ratio. Characterized by powder X-ray diffraction data.
Orthorhombic, space group Aba2, a = 11.065, b = 11.171, ¢ = 9.054 A.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Transmis-
sion. The procedure of baseline correction has been applied.

Source: Mary et al. (2008).

Wavenumbers (IR, em™"): 3443s, 3377s, 3042, 2650w, 2590sh, 2472w, 2360w, 2263sh, 2166w,
1854w, 1654, 1433s, 1358s, 1250, 1103s, 1025s, 925s, 782, 766, 735, 696, 591, 552w, 508, 459w.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum. In the cited paper, Raman spectrum is given.

Wavenumbers (Raman, cm_l): 917s, 786, 730, 559s, 456s, 373 (weak bands are not indicated).

B183 Potassium sodium zinc borate K,NaZnBs0,, K,NaZnBs0,
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Origin: Synthetic.

Description: Colorless prismatic crystals obtained from K,COj3;, ZnO, H3BOs, and Na,B,0,-10H,0
in the molar ratio of 3:2:10:2 by employing a high-temperature solution reaction method. The
crystal structure is solved. Monoclinic, space group C2/c, a = 7.9244(16), b = 12.805(3),
c=18.962(4) A, p = 99.39 (3)°, V = 1898.4(7) A®, Z = 8. D . = 2.663 g/cm>. The structure
is based on the [BsO;o]°~ group that consists of one BO, tetrahedron and four BO; triangles
condensed to a double ring via the common tetrahedron.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Chen et al. (2010).

Wavenumbers (cm™'): 1447s, 1436sh, 1394s, 1358s, 1272s, 1199s, 1133, 1080sh, 1059sh, 1032s,
1006, 969sh, 949, 928, 900sh, 880sh, 830, 777, 752, 726, 698sh, 672sh, 636w, 607w, 583sh, 556w,
527w, 503w, 477w, 463w, 442w, 417w.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum.
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B184 Potassium triborate KB;O;
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Origin: Synthetic.

Description: A high-pressure monoclinic polymorph. Characterized by powder X-ray diffraction data.
The crystal structure is solved. Monoclinic, space group C2/c, a = 9.608(2), b = 8.770(2),
c=9.0992) A, p =104.4(1)°, V =742.83) A3, Z = 8.

Kind of sample preparation and/or method of registration of the spectrum: Attenuated total
reflection (?).

Source: Sohr et al. (2014).

Wavenumbers (cm™'): 1362sh, 1317s, 1178, 1113, 1066, 1028, 956s, 902, 836s, 783, 757s,
698, 651, 609w.

Note: The wavenumbers were determined by us based on spectral curve analysis of the published
spectrum.

B185 Sodium aluminum borate Na,Al,B,0; Na,Al,B,0O,
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Origin: Synthetic.

Description: Prepared by heating stoichiometric mixture of NaHCOj3;, Al,O3, and H3BO;, first at
400 °C for 10 h and thereafter at 950 °C for 2 days. The crystal structure is solved by the Rietveld
technique. Trigonal, space group P-31c, a = 4.8113(1), ¢ = 15.2781(3) A, V = 306.29(2) A?,
Z=2.Dy.=2.532 g/cm3. The structure contains infinite [Al,B,05] sheets. The strongest lines of
the powder X-ray diffraction pattern [d, A (1, %) (hkl)] are: 4.02 (59) (101), 3.820 (55) (004), 2.815
(100) (104), 2.406 (33) (110), 2.295 (36) (112).

Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Absorption.

Source: He et al. (2001).

Wavenumbers (cm_l): 1263s, 1015, 992, 765s, 525s, 495sh, 331, 325sh, 244w.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum.

B186 Sodium barium borate NaBaBsOoy NaBaBsOq
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Origin: Synthetic.

Description: Prepared by solid-state reaction techniques from a stoichiometric ratio of NaNOj, Ba
(NO3),, and H3BOj; preheated at 500 °C for 4 h and thereafter (after intermediate grinding) heated at
650 °C for 48 h. Characterized by powder X-ray diffraction data. The crystal structure is solved.
Monoclinic, space group P2,/c, a = 6.5773(19), b = 13.872(4), c = 8.371(2) A, p =105.393(3)°,
V =1736.4(4) A3,z =4. D . = 3.232 g/cm3. The structure is based on infinite corrugated layers
containing BsOy”~ double rings.

Kind of sample preparation and/or method of registration of the spectrum: Transmission. Kind of
sample preparation is not indicated.

Source: Yu et al. (2014).

Wavenumbers (cm_l): 1301s, 1225s, 1132sh, 1110, 1055, 1008s, 964s, 940sh, 885sh, 870s, 854sh,
824s, 773, 742, 726, 707s, 646, 570, 552, 498w, 486sh, 424w.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum.
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B187 Sodium borate Na,Bs03(OH)-2H,0 Na,B;04(OH)-2H,O
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Origin: Synthetic.

Description: Synthesized hydrothermally from Na,B,0-10H,O and H3BO; at 180 °C for 3 days,
with subsequent cooling to room temperature for 9 days. Characterized by powder X-ray diffraction
data and elemental analysis. The crystal structure is solved. Orthorhombic, space group Pna2,
a=11.967(2), b=6.5320(13), c = 11.126(2) A, V = 869.7(3) A*, Z = 4. D o = 2.146 g/cm’. The
structure is based on the double hexagonal ring BsOg(OH)>~ containing three BOj triangles and
two BO, tetrahedra.

Kind of sample preparation and/or method of registration of the spectrum: Transmission. Kind of
sample preparation is not indicated.

Source: Wang et al. (2009b).

Wavenumbers (cm_l): 3367s, 1646, 1362s, 1149s, 1067s, 970sh, 936sh, 860, 806, 750, 688.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum.

B188 Sodium borophosphate Nas(B,P30¢3) Nas(B,P30,3)
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Origin: Synthetic.

Description: Prepared by solid-state reaction techniques, by heating the mixture of Na,CO3, H;BO3,
and (NH4)(H,PO,) in the molar ratio 2.5:2:(3.01-3.05) first at 500 °C for 10 h and thereafter at
700 °C for 24 h with intermediate grinding. Monoclinic, space group C2. Characterized by powder
X-ray diffraction data. Dyeqs = 2.68 g/cm3 .

Kind of sample preparation and/or method of registration of the spectrum: Transmission.

Source: Li et al. (2003).

Wavenumbers (cm_l): 1197s, 1166, 1150sh, 1130, 1097s, 1036, 1002s, 983, 950sh, 926s, 869, 834,
825, 751, 688w, 671, 615w, 585, 566, 539, 517, 473, 455.

Note: The wavenumbers were determined by us based on spectral curve analysis of the published
spectrum.

B189 Sodium borosulfate Nas[B(SO4)4] Nas[B(SO,)4]
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Origin: Synthetic.

Description: Colorless crystals prepared by solid-state reaction techniques, by heating the mixture of
NaHSO4-H,0 and B(OH); at 673 K for 12 h. Characterized by powder X-ray diffraction data. The
crystal structure is solved. Orthorhombic, space group Pca2;, a = 10.730(2), b = 13.891(3),
c=18.197(4) A, Z = 8. Dy = 2.498 g/cm3. The structure contains open-branched pentameric
anion [B(SO,)4]°~ with the borate tetrahedron in the center.

Kind of sample preparation and/or method of registration of the spectrum: Attenuated total
reflection.

Source: Daub et al. (2013).

Wavenumbers (IR, em™'): 1290sh, 1278sh, 1246s, 1229s, 1212s, 1111w, 1095, 1073, 1045,
975, 955sh, 941, 926, 892, 864, 821, 746sh, 729sh, 718w, 710sh, 661, 627, 604sh, 585, 580sh,
568, 477sh, 451w, 424w, 416w.

Note: The wavenumbers were determined by us based on spectral curve analysis of the published
spectrum. In the cited paper, a figure of the Raman spectrum is given.
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B190 Sodium calcium pentaborate NazCa(Bs0,;9) Na;Ca(B50;o)
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Origin: Synthetic.

Description: Colorless prismatic crystals obtained by heating a powder mixture of CaCOs;, Bi,03,
H3BO3, and Na,B,05-10H,O with the molar ratio 1:1:2:4.63 at 750 °C for 1 day, with subsequent
cooling down to 730 °C at arate of 1 °C/h. Characterized by energy-dispersive X-ray analyses. The
crystal structure is solved. Triclinic, space group P-1, a = 7.4403(6), b = 9.7530(10), ¢ = 12.9289
9 A, a = 90.972(7)°, p = 90.073(7)°, y = 109.656(6)°, V = 883.37(13) A®, Z = 4.
Dy = 2.429 g/cm3. The basic structural unit is a [BsOo]° group that consists of one BO4
tetrahedron and four BO; triangles condensed to a double ring via the common tetrahedron.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Chen et al. (2007b).

Wavenumbers (cm™'): 1617sh, 1530sh, 1468s, 1434sh, 1393, 1335, 1316sh, 1204s, 1078, 1050,
1012, 947, 918, 783, 754, 716, 625, 580w, 513w, 480w, 430w.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum.
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B191 Sodium magnesium pentaborate Naz;MgBs0;9 Na;MgBs0,,
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Origin: Synthetic.

Description: Colorless prismatic crystals obtained by heating a powder mixture of Na,CO;, Mg
(NO3),, H3BO3, and Na,B,07-10H,O with the molar ratio 3:2:5:2 at 750 °C for 4 days, with
subsequent cooling down to 700 °C at a rate of 1 °C/h and to 600 °C at a rate of 5 °C/h.
Characterized by energy-dispersive X-ray analyses. The crystal structure is solved. Orthorhombic,
space group Pbca, a = 7.838(1), b = 12.288(1), ¢ = 18.180(2) A, V = 1751.03) A®, Z = 8.
D . = 2.332 g/cm3. The basic structural unit is a [BsOo]’~ group that consists of one BO4
tetrahedron and four BOj triangles condensed to a double ring via the common tetrahedron.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Chen et al. (2007b).

Wavenumbers (cm™"): 1620sh, 1522sh, 1458s, 1407s, 1260s, 1192s, 1079w, 1050, 1027s, 950, 932,
779, 760, 725, 651w, 626, 572, 506, 436.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum.
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B192 Sodium strontium aluminum borate NaSr;AlIB;3036 NaSr;AlIB;303¢
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Origin: Synthetic.

Description: Crystals grown from the melt prepared from SrCO;, Al(OH)s;, and Na,B,0;-10H,O
(with the ratio 1:4:3) at 860 °C by cooling down to 700 °C at a rate of 2.0 °C/h, to 500 °C at
5.0 °C/h, and finally to room temperature at 20 °C/h. Characterized by powder X-ray diffraction
data. The crystal structure is solved. Trigonal, space group R-3c, a = 11.356(2), ¢ = 36.655(7) A,
V =4093.7(12) A3, Z = 6. Dy = 3.490 g/cm3. The crystal structure contains a polycyclic B1gOz¢
building unit consisting of 12 BO; triangles and 6 BO, tetrahedra.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Transmission.

Source: Chen et al. (2014a).

Wavenumbers (cm_l): 1456, 1400s, 1232, 990s, 946s, 847, 765w, 721s, 700s, 663, 632s, 550, 479,
450, 437.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum.

B193 Sodium Vanadyl borate Na3(V02)B6011 Na3(V02)B6011
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Origin: Synthetic.

Description: Synthesized by solid-state reaction between Na,COs3, V,05, and H3BOj3. A stoichiomet-
ric mixture of these reactants was heated first at 300 °C for 5 h, thereafter at 500 °C for 5 h, and
finally at 600 °C for 2 days with several intermediate grindings. Orthorhombic, space group
P2,2,2;, a = 7.7359(9), b = 10.1884(12), ¢ = 12.5697(15) A, V = 990.7(2) A’, Z = 4. The
strongest lines of the powder X-ray diffraction pattern [d, A (1, %) (hk)] are: 4.1325 (39) (121),
3.6679 (57) (103), 3.1309 (100) (004), 3.0821 (38) (220), 2.9814 (39) (032).

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Fan et al. (2010).

Wavenumbers (cm ™ '): 1615sh, 1555sh, 1469s, 1427s, 1340s, 1241, 1158, 1130, 1094, 1062, 1008s,
941, 921sh, 827s, 775sh, 716, 683w, 656sh, 628w, 581w, 531w, 510w, 465, 446.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum.

B194 Sodium yttrium tellurate borate Na,Y»(Te®*B,0;9) Na,Y»(Te®*B,0;0)

NI
AT
\ o ] P
| |
\ /
L /
HELRIR /
hl s
W \/ v

A O mr e
400 800 1200 1600 2000 2400 2800 3200 3600 4000

|
|
|
|
|
|

Transmittance

Wavenumber (cm'])

Origin: Synthetic.

Description: Synthesized by heating a mixture of NaCO3, TeO,, H;BO;, and Y,05 at 830 °C for 10 h
with subsequent cooling down to 600 °C at 3-5 °C/h rate. Characterized by powder X-ray
diffraction data and EDS elemental analyses. The crystal structure is solved. Monoclinic, space
group P2,/c, a = 6.3073(7), b = 9.9279(8), ¢ = 6.7219(6) A, f = 104.260(10)°, V = 407.94(7) A,
Z = 2. Dege = 4.339 g/lem®. The structure is based on a 3D framework composed of linear
[TeO4(BO3)2]8_ anions interconnected by Y3* cations.

Kind of sample preparation and/or method of registration of the spectrum: Transmission? Kind of
sample preparation is not indicated.

Source: Feng et al. (2015a).

Wavenumbers (cm™'): 1418sh, 1366s, 1350s, 1220, 1183sh, 1165s, 1014sh, 941, 885sh, 825w,
775, 766sh, 720s, 708s, 674s, 650s, 610, 552, 488, 432s, 409s.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum.
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B195 Sodium zinc pentaborate Naz;ZnBs0,, Na;ZnBs0,,
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Origin: Synthetic.

Description: Prepared by a solid-state reaction method, by heating the mixture of Na,COs;, ZnO,
H3;BO3, and Na,B407-10H,O (with the molar ratio 1:2:2:1) at 750 °C for 1 day with subsequent
cooling down to 730 °C at a rate of 1 °C/h, then to 720 °C at 0.5 °C/h, and finally to room
temperature at 20 °C/h. Characterized by powder X-ray diffraction data. The crystal structure is
solved. Monoclinic, space group P2,/n, a = 6.6725(7), b = 18.1730(10), ¢ = 7.8656(9) A,
p = 114.604(6)°, V= 867.18(14) A®, Z = 4. Doy = 2.668 g/cm®. The structure contains double
rings [BsO1o]”~ bridged by ZnO, tetrahedra through common O atoms to form a 2D layer.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Chen et al. (2007a).

Wavenumbers (cm™"): 1441s, 1383s, 1268s, 1201s, 1081, 1045sh, 1027s, 939s, 777, 722s, 653, 627,
615sh, 561, 479, 439w, 430sh.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum.
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B196 Strontium borate chloride Sr,Bs0¢Cl Sr,B504Cl
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Origin: Synthetic.

Description: Obtained by stepwise heating a precipitate formed by adding SrCl, aqueous solution to
Na,B 407 aqueous solution at 600, 700, and 800 °C for 8 h at each temperature. Characterized by
powder X-ray diffraction data. Orthorhombic, a = 11.381, b = 11.319, and ¢ = 6.498 A (see
JCPDS Card No. 27-0835).

Kind of sample preparation and/or method of registration of the spectrum: No data.

Source: Zhu et al. (2013).

Wavenumbers (cm™"): 1630w, 1489w, 1435, 1396, 1355, 1306s, 1101, 1024s, 978s, 920s, 878, 824,
773, 721w, 746w, 692w, 650w, 632w, 609w, 582w.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum.

B197 Strontium borate SrB,04 SrB,O,
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Origin: Synthetic.

Description: Synthesized by heating a mixture of appropriate amounts of SrCO3; and H3;BOj; at
1000 °C for 2 h in air. Characterized by powder X-ray diffraction data. The crystal structure is
solved. Orthorhombic, a ~ 12.01, b =~ 4.34, and ¢ ~ 6.59 A (see JCPDS card No. 84-2175).

Kind of sample preparation and/or method of registration of the spectrum: Transmission. Kind of
sample preparation is not indicated.

Source: Onodera et al. (1999).

Wavenumbers (cm_l): 1483s, 1433s, 1183s, 1070w, 853w, 765w, 737, 704, 690, 638.

Note: The wavenumbers were determined by us based on spectral curve analysis of the published
spectrum.

B198 Strontium borate SrBgO;3 SrBgO;3
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Origin: Synthetic.

Description: Synthesized by heating a powder mixture of Bi,O3, SrCO3, and H3;BOj3 (with a molar
ratio 3:3:26) at 735 °C for 2 weeks. The product was then cooled down to 500 °C at a rate of 5 °C/h
and thereafter cooled to room temperature at a rate of 20 °C/h. Characterized by powder X-ray
diffraction data. The crystal structure is solved. Monoclinic, space group P2,/c, a = 8.408(1),
b =16.672(2), c = 13.901(2) A, g = 106.33(1)°, V = 1870.0(4) A%, Z = 4. Doy = 2.714 glem?’.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Tang et al. (2008).

Wavenumbers (cm™"): 1438s, 1419s, 1392sh, 1340, 1286, 1250sh, 1235s, 1221sh, 1206s, 1147,
1101s, 1058s, 1023s, 979, 951sh, 932, 915s, 889sh, 867, 823w, 806w, 783w, 759sh, 724sh,
702, 681, 662sh, 647w, 622w, 600w, 572sh, 564sh, 554, 541, 523, 511, 477sh, 452sh, 420w.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum.
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B199 Strontium boroarsenate Sr(BAsOs) Sr(BAsOs)
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Origin: Synthetic.

Description: Synthesized by heating a mixture of SrCO;, As,Os, and H3BOs in a 2:1:2 molar ratio at
900 °C for 15 h. Characterized by powder X-ray diffraction data. The crystal structure is solved.
Hexagonal, space group P2,21, a = 7.056(3), ¢ = 6.898(1) A, V = 571.6(3) A®, Z = 3. In the
infinite loop-branched [BAsOs] chain, both B and As have fourfold coordination.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Transmission.

Source: Birs6z and Baykal (2008).

Wavenumbers (IR, cm™'): 1179w, 1141w, 1125w, 978s, 908s, 892sh, 834s, 792s, 785sh, 743s, 720s,
700sh, 675, 642w, 622sh, 607w, 585, 568sh, 545w, 523, 507w, 489, 463, 421sh, 409.

Note: The wavenumbers were determined by us based on spectral curve analysis of the published
spectrum. In the cited paper, a figure of the Raman spectrum is given.

B200 Tin tetraborate S-SnB,O,
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Origin: Synthetic.

Description: Prepared by compressing a mixture of SnO, and B,O3, taken in stoichiometric amounts,
to 7.5 GPa for 3 h with subsequent heating first at 1100 °C for 5 min and thereafter at 750 °C for
15 min. The crystal structure is solved. Orthorhombic, space group Pmn2,, a = 10.864(2),
b = 4.4480(9), ¢ = 4.2396(8) A, V = 204.9(1) A®, Z = 2. Dy = 4.44 g/cm’. The structure is
based on a network of corner-sharing BO, tetrahedra with channels built from four- and
six-membered rings.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Knyrim et al. (2007).

Wavenumbers (cm_l): 1213sh, 1154s, 1090, 1020s, 952s, 876, 813s, 777s, 758s, 719s, 655, 635,
611, 543, 523sh, 496, 467sh, 453sh, 426.

Note: The wavenumbers were determined by us based on spectral curve analysis of the published
spectrum.

B201 Yttrium barium borate YBazBoO;5 YBa3;BoO;5
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Origin: Synthetic.

Description: Crystals prepared by stepwise heating a mixture of BaCO3, Y,03, and H;BO; (with the
molar ratios Y:Ba:B = 1:1:9) to 1050 °C for 12 h followed by cooling down to 800 °C at a rate of
1 °C/h and from 800 to 600 °C at a rate of 2 °C/h. Characterized by powder X-ray diffraction data.
The crystal structure is solved. Hexagonal, space group P6s/m, a = 7.1761(6), ¢ = 16.9657(6) A,
V="756.1(1) A’ z=2. Dy =3.89 g/cm3. The fundamental building unit of the crystal structure is
the planar B;Og¢ group.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Li et al. (2004a).

Wavenumbers (cm_l): 1411s, 1398s, 1385s, 1375sh, 1363sh, 1262s, 1249s, 1238sh, 1200, 969, 954,
777w, 766w, 712, 697, 684sh, 671sh, 499w, 410, 338, 262.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum.
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B202 Admontite MgB¢O,('7H,O
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Origin: Synthetic.

Description: Prepared hydrothermally from MgO and H;BOs, taken in the molar ratio 1:6, at 100 °C
for 120 min. Characterized by powder X-ray diffraction data.

Kind of sample preparation and/or method of registration of the spectrum: Attenuated total
reflection of a powdered sample.

Source: Derun et al. (2015).

Wavenumbers (cm™'): 1660w, 1636sh, 1468sh, 1419, 1365sh, 1348, 1236, 1178, 1137, 1095s,
1024s, 1007, 988sh, 956s, 911sh, 898, 861s, 809s, 703sh, 674.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum.

B203 Fontarnauite (Na,K),(Sr,Ca)(SO,4)[Bs0g(OH)]-2H,0
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Origin: Village of Doganlar, Kiitahya Province, Western Anatolia, Turkey (type locality).

Description: Colorless to light-brown prismatic crystals from the association with probertite,
glauberite, and celestine. Holotype sample. The crystal structure is solved. Monoclinic, space
group P2i/c, a = 6.458(2), b = 22.299(7), ¢ = 8.571(2) A, p = 103.047(13)°, V = 1202.5
(10) A%, Z = 4. Dye = 2.533g/em’. Optically biaxial (—), a = 1.517(2), p = 1.517(2),
y = 1.543(2), 2V = 46(1)°. The empirical formula is (Na; g4Kq 16)(Sr9.82Cag.18)S1.00BsHsO15.
The strongest lines of the powder X-ray diffraction pattern [d, A (1, %) (hkD)] are: 11.1498 (100)
(020), 3.3948 (8) (061), 3.3389 (20) (042), 3.1993+3.1990 (10) (160, —142), 3.0458 (10) (052),
3.0250 (7) (220), 2.7500 (10) (=222, 142), 2.3999 (8) (260), 2.2284 (7) (0.10.0, 222), 1.9237
+1.9237 (7) (311, -224).

Kind of sample preparation and/or method of registration of the spectrum: The spectrum was
obtained from a small cleavage sheet crushed in a diamond-cell holder.

Source: Cooper et al. (2016b).

Wavenumbers (IR, em™"): 3587, 3531, 3404, 3288, 2359w, 1657, 1502sh, 1449sh, 1365s, 1315s,
1217sh, 1136s, 1085, 1046, 989s, 920, 879, 842w, 812sh, 773w, 756w, 729w.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum. The band position denoted by Cooper et al. (2016b) as 862 cm ' was
determined by us at 842 cm ™. In the cited paper, Raman spectrum is given.

Wavenumbers (Raman, cm_l): 975s, 470, 430, 160, 129.

B204 Sinhalite MgAl(BO,)
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Origin: Synthetic.

Description: Synthesized hydrothermally from a gel of suitable composition at 700 °C for 500 h.
Characterized by powder X-ray diffraction data. Orthorhombic, space group Pnma.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Tarte et al. (1985).

Wavenumbers (cm™"): 1100s, 960s, 930s, 800, 780, 700s, 605sh, 586s, 551, 510s, 490s, 452w,
425, 406, 330, 283w.
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B205 Sborgite NaBsO4s(OH),-3H,0
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Origin: Synthetic.

Description: Synthesized from aqueous solutions of boric acid and borax. Characterized by powder
X-ray diffraction data.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Chen and Pei (2016).

Wavenumbers (IR, em™"): 3450s, 3392s, 3210, 2375w, 2211w, 1681, 1518sh, 1413s, 1330s, 1205,
1166, 1084, 1038sh, 1021, 950sh, 933, 917, 875sh, 786, 775sh, 696, 643, 592, 559, 488, 471.
Note: The wavenumbers were partly determined by us based on spectral curve analysis of the

published spectrum. In the cited paper, Raman spectrum is given.
Wavenumbers (Raman, cm_l): 922, 856s, 774, 529s, 494, 468w, 386w.

B206 Potassium borate KB;03(OH)4,-H,O KB3;03(OH),H,O
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Origin: Synthetic.

Description: Prepared in the reaction between fine powders of K,B,07-4H,0 and KBsOg-4H,O under
exposure of water vapor. The crystal structure is solved. Monoclinic, space group C2/c, a = 15.540
(5), b = 6.821(2), c = 14.273(4) A, p = 104.44(2)°, V = 1465.1 A®, Z = 8. The structure contains
an isolated B;O5(OH), ™ anion formed from a B;Oj; ring consisting of one BO,(OH), tetrahedron
and two BO,(OH) triangles.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Salentine (1987).

Wavenumbers (IR, cm_l): 1634sh, 1492, 1450s, 1428, 1404, 1310s, 1270sh, 1198s, 1181sh, 1145,
1041sh, 1006s, 992s, 934, 870s, 862sh, 795sh, 763w, 709, 691sh, 656sh, 638, 617, 567, 533,
494, 461, 413w.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum. In the cited paper, Raman spectrum is given. The band position denoted by
Salentine (1987) as 1000 cm ™' was determined by us as doublet (1006+992 cm ™ Y.

Wavenumbers (Raman, cm™"): 1194w, 966, 753s, 624s, 488, 453, 407, 212w, 176, 137, 116.

B207 Tyretskite (monoclinic polytype) Ca,Bs0,(OH)-H,O
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Origin: Synthetic.

Description: Synthesized under solvothermal conditions. The crystal structure is solved. Monoclinic,
space group Cc, a = 10.790(5), b = 6.5174(18), ¢ = 12.359(6) A, g = 114.975(19)°, V = 787.8
6) A’, Z=4. Dy = 2.641 g/em®.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.
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Source: Wei et al. (2014).

Wavenumbers (cm_l): 3549, 3415s, 1645, ~1371s, 1335s, 1108s, 1021s, 855, 767w, 657w,
622, 550, 514.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum.

B208 Satimolite KNaz(AlsMgz) [B 1 20 1 8(OH) 1 2] (OH)6C144H20
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Origin: Chelkar salt dome, Aksai Valley, Aktobe (Aqtobe) region, Kazakhstan.

Description: Isolated colorless crystals from the association with sylvite, halite, anhydrite, and
boracite. Characterized by powder and single-crystal X-ray diffraction data. The crystal structure
is solved. Trigonal, space group R-3m, a = 15.1406(4), ¢ = 14.3794(9) A, V = 2854.7(2) A>. The
structural formula s (Oo.6sNao 32)6(Clo.6sKo220h,10)6(Alo.6sMgo 31Fe>*0,03)7[B12015(0H) 1]
(OH)¢-4H,0

Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Absorption.

Wavenumbers (cm™'): 3430, 3272s, 2518w, 1651, 1435sh, 1376, 1304s, 1166, 1150sh, 979s,
840, 797, 745w, 696s, 639, 568, 528, 455, 429.

Note: The spectrum was obtained by N.V. Chukanov.
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B209 Priceite Ca4B 1 ()O 1 9'7H20
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Origin: Inder boron deposit, Atyrau region, Kazakhstan.
Description: White powdery aggregate. Confirmed by the IR spectrum.
Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Absorption.
Wavenumbers (cm™%): 3584, 3555, 3461, 3390sh, 3094, 2960sh, 2580w, 2540w, 1663, 1424, 1373,

1352, 1311, 1293, 1195sh, 1095sh, 1065s, 1016, 903s, 825, 795,716, 670, 599w, 587w, 572, 520, 474.
Note: The spectrum was obtained by N.V. Chukanov.

B210 Probertite NaCaBs0O,(OH),-3H,0
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Origin: Banderma (Pandirma), Balikesir province, Turkey.

Description: Grey radial aggregate. Confirmed by the IR spectrum and qualitative electron microprobe
analyses.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Absorption.

Wavenumbers (ecm™"): 3634, 3564, 3506, 3372s, 3289, 3250sh, 3092, 1678, 1474, 1435, 1380s,
1351s, 1323, 1216, 1186, 1150sh, 1133, 1085s, 1041s, 994s, 959s, 934s, 906s, 850sh, 835, 805sh,
755, 737w, 726w, 686, 649w, 615, 600sh, 557, 517, 478, 456w, 447w, 424w, 400w.

Note: The spectrum was obtained by N.V. Chukanov.

BC10 Mereheadite Pb47C125(OH)13024(CO3)(BO3)2
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Origin: Merehead Quarry, Cranmore, Somerset, England, UK (type locality).

Description: Reddish-orange grains. The crystal structure is solved. Monoclinic, space group Cm,
a = 17.372(1), b = 27.9419(19), ¢ = 10.6661(6) A, p = 93.152(5)°, V = 5169.6(5) A*, Z = 2.
Deaie = 7.236 glem?.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Absorption.

Wavenumbers (cm™Y): 3331, 1373s, 1324s, 1261s, 1183, 1141s, 1071, 1050, 1000sh, 902w,
841, 813w, 734, 709, 615, 542w, 457s, 398s.

Note: The spectrum was obtained by N.V. Chukanov.
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2.2 Carbonates

C342 Parisite-(La) Cala,(COs);F,
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Origin: Rio dos Remédios Group, Mula mine, near Tapera village, Novo Horizonte Co., Bahia, Brazil

(type locality).

Description: Greenish-yellow inner zone of a pseudohexagonal crystal from the association with

hematite, rutile, almeidaite, fluocerite-(Ce), brockite, monazite-(La), rhabdophane-(La), and
bastnisite-(LLa). Holotype sample. Monoclinic, space group: C2, Cm, or C2/m, a = 12.356(1),
b =17.1368(7), c = 28.299(3) A, f = 98.342(4)°, V = 2469.1(4) A®, Z = 12. Dye = 4.273 glem’.
Optically pseudo-uniaxial (+), @ = 1.670(2), ¢ = 1.782(5). The empirical formula is
Cag og(Lag 83Ndg 51Cep 37Pro.165m0.04Y0.03)C3.0308.91F2.00. The strongest lines of the powder
X-ray diffraction pattern [d, A (I, %) (hkD)] are: 13.95 (55) (002), 4.655 (37) (006), 3.555
(88) (020, -311), 2.827 (100) (026, 315, -317), 2.055 (58) (—331, —602), 1.950 (38) (0.2.12,
3.1.11, -3.1.13), 1.880 (36) (335, —337, 604, —608).

Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Absorption.
Wavenumbers (cm™): 2918w, 2870w, 2497w, 1843w, 1823w, 1750w, 1454sm 1430sh, 1089, 1081,

871s, 850sh, 746w, 734, 679w, 670w, 602w, 368.

Note: The spectrum was obtained by N.V. Chukanov.
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C343 Parisite-(Ce) CaCe,(CO;);F,
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Origin: White Cloud Mine, Pyrites, Ravalli Co., Montana, USA.
Description: ~ Beige crystal. The empirical formula
Cay 03(Ceo.93L.ag.47Ndg 32Pro.06 Y 0.08 Tho.06)(CO3)3 00F | 85

2800

is

3200

(electron

3600

microprobe):

Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Absorption.
Wavenumbers (cm™'): 2920w, 2500w, 1820w, 1746w, 1459s, 1411s, 1077, 869s, 850sh,

736, 685sh, 609w.
Note: The spectrum was obtained by N.V. Chukanov.

C344 Stichtite MgGCrZ(OH)IG(CO3)4H20
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Origin: Kara-Uyuk stream, Terektinskiy ridge, Altai Mts., Siberia, Russia.

Description: Lilac scaly aggregate from the association with serpentine. An Al-rich variety. The
empirical formula is (electron  microprobe):  Mgso5(Cry 13Alg73Fe0.16)(OH)6(CO3)-
4H,0. Characterized by powder X-ray diffraction data.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Absorption.

Wavenumbers (ecm™"): 3580sh, 3482s, 3050sh, (1735sh), 1653, 1365s, 1080sh, 1050w, 940sh,
845sh, 710sh, 686s, 633s, 525, 413s.

Note: The spectrum was obtained by N.V. Chukanov.

C345 Ammonium bicarbonate NH,HCO;
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Origin: Synthetic.

Description: Commercial reactant purchased from Aldrich. Characterized by elemental analysis and
PXRD. The strongest lines of the powder X-ray diffraction pattern [d, A (I, %)] are: 5.36 (26.5),
4.04 (19), 3.00 (100).

Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Transmission.

Source: Meng et al. (2005).

Wavenumbers (cm_l): 3205s, 3098s, 2923, 2856, 2572, 2243w, 2138w, 1685w, 1600s, 1494s,
1441s, 1370s, 12755, 1041, 1022, 952, 831, 702, 649.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum.
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C346 Copper(II) carbonate CuCO;
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Origin: Synthetic.

Description: CuCO; can be prepared from azurite, malachite or CuO by reaction with CO, at a
pressure of 20 kb and a temperature of 500 °C. Monoclinic, space group Pa, a = 6.092, b = 4.493,
c=7030 A, g =101.34°, V= 188.7 A’, Z = 4. In the structure, Cu has the fivefold (square
pyramid) coordination. D,e,s = 4.18 g/cm3, Dy = 4.35 g/crn3.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc (above
190 cm ™) and polyethylene mull (below 190 cm™"). Transmission.

Source: Seidel et al. (1974).

Wavenumbers (cm™'): 1460sh, 1420s, 1090w, 860s, 760, 743, 425, 383sh, 305, 268, 250, 212,
194, 166, 158, 151, 130, 113, 103, 97, 90, 83, 61, 55, 49, 44, 38, 31.

C347 Potassium lead carbonate fluoride KPb,(CO;),F
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Origin: Synthetic.

Description: Synthesized by a conventional solid-state technique from the stoichiometric mixture of
KF and PbCOj;, at 250 °C, in flowing CO, gas, for 2 days. Characterized by powder X-ray
diffraction data. The crystal structure is solved. Hexagonal, space group P6s/mmc, a = 5.3000
(2), c = 13.9302(8) A, V = 338.88(3) A®, Z = 2. Dy = 5.807 g/em®.

Kind of sample preparation and/or method of registration of the spectrum: Reflection of a
powdered sample.

Source: Tran and Halasyamani (2013).

Wavenumbers (cm_l): 1741w, 1398s, 1350sh, 1107w, 1045, 995w, 855w, 833, 815sh, 743w, 680s,
541w, 515w, 491w, 466w, 425w, 382.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum.

C348 Sodium lithium gadolinium carbonate Na,LiGd(CO3); Na,LiGd(COs;);
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Origin: Synthetic.

Description: Obtained hydrothermally from GdF;, Na,COj3, and Li,CO; with molar ratio 1:6:2 at
230 °C for 48 h. Characterized by powder X-ray diffraction data. Cubic, space group Fd-3m,
ax~144A,2=38.

Kind of sample preparation and/or method of registration of the spectrum: A diamond-anvil cell
as a micro-sampling device was used.

Source: Ali et al. (2004b).

Wavenumbers (cm~"): 1498s, 1381+1375, 1083, 861s, 796w, 730, 718, (707), (696), 680w, 668.

Note: The wavenumbers were determined by us based on spectral curve analysis of the published
spectrum. In the cited paper, a figure of the Raman spectrum is given.
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C349 Sodium scandium carbonate NasSc(CQO3);:2H,0 NasSc(CO3)32H,0
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Origin: Synthetic.

Description: Obtained from aqueous solutions of scandium chloride and sodium carbonate. The
crystal structure is solved. Tetragonal, space group P-42ic, a = 7.4637(4), ¢ = 11.570(2) A,
V = 644.55(13) A%, Z = 2. Dppeas = 2.23 glem?, Doy = 2.246 g/em®.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc and Nujol
mull. Transmission.

Source: Dahm and Adam (2001).

Wavenumbers (IR, cm™"): 3528sh, 3369sh, 3311s, 3108w, 2955sh, 2924, 2854w, 2662w, 263 1sh, 2604,
2458w,2399,2330,2114, 1804, 1708, 1556s, 1414s, 1354s, 1259sh, 1122sh, 1059s, 868s, 841w, 743s,
712s, 699sh, 680sh, 644, 359s, 261s, 230, 215, 195sh, 180, 165, 145, 122w, 101w, 93, 63w.

Note: In the cited paper, Raman spectrum is given.

Wavenumbers (Raman, cm_l): 1739, 1702, 1601, 1575s, 1439, 1355, 1061s, 1039, 867, 764, 744s,
682, 668, 644, 354, 300, 277s, 245s, 231s, 216s, 187s, 165s, 132s.

C350 Strontium iron(IIl) oxycarbonate Sr Fe,0q(CO5)

14 B K | J
A \
ul Y
<[] im
LU \ A
.g \’ \ M'”I/ \/,u”
s L /] N
I //
T
U/

400 600 800 1000 1200 1400 1600 1800 2000
Wavenumber (cm’™)



84 2 IR Spectra of Minerals and Related Compounds, and Reference Samples Data

Origin: Synthetic.

Description: Prepared by heating an appropriate mixture of SrO, SrCOj3, and Fe,O3 at 1200 °C for
12 h under vacuum with subsequent cooling down to room temperature, annealing at 500 °C for
30 min in air and quenching. Characterized by EDS analysis, Mossbauer spectroscopy, powder
X-ray diffraction, neutron powder diffraction, and single-crystal electron diffraction data. Ortho-
rhombic, space group I4/mmm, a = 3.88965(3), ¢ = 27.9906(1) A.

Kind of sample preparation and/or method of registration of the spectrum: Absorption. Kind of
sample preparation is not indicated.

Source: Bréard et al. (2004).

Wavenumbers (cm_l): 1771w, 1506s, 1437s, 1098sh, 869, 640, 569s.

Note: The band at 569 cm™' may correspond to polymerized Fe>*Og and/or Fe**O5 polyhedra.

C351 Barentsite Na;Al(HCO3),(COs),F,
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Origin: Restin’yun Mt., Khibiny massif, Kola Peninsula (type locality).

Description: Colorless anhedral grains from the association with shortite, albite, natrolite, trona,
natrite, villiaumite, etc. Holotype sample. Triclinic, a = 6.472(2), b = 6.735(2), ¢ = 8.806(2) A,
a = 92.50(2)°, p = 97.33(2)°, y = 119.32(2)°, V = 329.41 A%, Z = 1. Dpeas = 2.56(2) glem’,
D e = 2.55 g/em?. Optically biaxial (—), @ = 1.358(2), f = 1.479(2), y = 1.530(2), 2V = 62°. The
strongest lines of the powder X-ray diffraction pattern [d, A (I, %) (hkl)] are: 2.887
(84) (003, 2—11), 2.778 (100) (200, —-103), 2.658 (100) (2—21), 2.316 (50) (2—22), 2.169
(70) 120, 004), 1.870 (42) (—331, -204).

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Khomyakov et al. (1983).

Wavenumbers (cm™'): 3430, 2885, 2550, 2322, 1649s, 1484, 1424sh, 1370s, 1328s, 1063, 1021,
984, 856w, 823, 723w, 692sh, 677, 645, 584s.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum.
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C352 Chukanovite Fe,(CO3)(OH),
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Origin: Synthetic.

Description: Obtained by heating a mixture of powdered claystone (a rock containing clay minerals,
Ca-Mg-Fe carbonates and quartz as the main components) and iron powder, in the presence of iron
plates and an aqueous solution containing NaCl and CaCl, at 90 °C for 6 months. The synthetic
analogue of chukanovite was formed as randomly oriented powder on the iron plates. Characterized
by powder X-ray diffraction and electron diffraction data. Monoclinic, space group P2,/a, a = 12.5
(3), b=9.52), c =32(1) A, p=97.6(5)°, V=377(17) A>.

Kind of sample preparation and/or method of registration of the spectrum: Reflection from an
iron plate covered by the synthetic analogue of chukanovite.

Source: Pignatelli et al. (2014).

Wavenumbers (cm™'): 3485s, 3327s, 1992 (broad), 1748w, 1552s, 1525sh, 1408, 1368sh, 1340,
1116sh, 1069, 955, 837, 779, 757sh, 713sh, 690, 642.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum.

C353 Lecoqite-(Y) Na3Y(CO3)5-:6H,O
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Origin: Synthetic.

Description: Prepared hydrothermally from Na,COj;, YF3, and H,O in the molar ratio 25:1:55 at
220 °C for 48 h. Characterized by thermoanalytical data. The crystal structure is solved. Hexagonal,
space group P63, a = 11.347(5), ¢ = 5.935(5) A, V = 661.8(5) A%, Z = 2. Dipeas = 2.25(5) glem?,
Doy = 2.24 g/cm3.

Kind of sample preparation and/or method of registration of the spectrum: Transmission. A
diamond-anvil cell as a microsampling device was used.

Source: Ali et al. (2004a).

Wavenumbers (IR, cm_l): 3593w, 3320sh, 3115, 2778, 2305w, 2112w, 1634w, 1485s, 1375s, 1065,
1045sh, 890sh, 875, 760sh, 755, 715, 680s.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum. In the cited paper, Raman spectrum is given.

Wavenumbers (Raman, cm_l): 1635, 715s, 680.

C354 Somersetite [Pb;(OH),(COs),][Pb3(Pb,O; )(CO3)s5]
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Origin: Torr Works (“Merehead Quarry”), Somerset, England, UK (type locality).

Description: Greenish grains from the association with calcite, aragonite, and quartz. Holotype
sample. The crystal structure is solved. Hexagonal, space group P6s/mmc, a = 5.2427(7),
¢ = 40.624(6) A, V = 967.0(3) A3, Z = 2. Doye = 7.11 glem®. The empirical formula is
Pbg 004C4.008H1 0908019. The strongest lines of the powder X-ray diffraction pattern [d, AU, %)
(hkl)] are: 4.308 (33) (103), 3.581 (40) (107), 3.390 (100) (108), 3.206 (55) (109), 2.625 (78) (110),
2.544 (98) (0.0.16).

Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Absorption.

Wavenumbers (cm™"): 3539, (3280w), 2524w, 1734w, 1403s, 1217, 1046w, 849w, 738w, 690sh,
683s, 615w, 507w, 391.

Note: The spectrum was obtained by N.V. Chukanov. The bands at 1217 and 738 cm ™' correspond to
a minor admixture of BO5*~ groups substituting CO5>~ groups.
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C355 “Hydrucerussite-like mineral 9-40” Lead hydroxycarbonate
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Origin: Torr Works (“Merehead Quarry”), Somerset, England, UK.

Description: Investigated by O.I. Siidra. Characterized by single-crystal X-ray diffraction data.
Trigonal, a = 9.0929(5), ¢ = 40.660(6) A, V = 2911.42(9) A°>.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Absorption.

Wavenumbers (cm™"): 3531, (3422), 1733, (1619w), 1404s, 1220, 1046w, 984w, 848w, 741w, 683s,
595w, 575w, 391.

Note: The spectrum was obtained by N.V. Chukanov. The bands at 1220 and 741 cm ™' correspond to
a minor admixture of BO5>~ groups substituting CO5>~ groups.

C356 Quintinite-related hydroxyde carbonate Mg,Cr,(OH),,(CO3)-nH,0O Mg,Cr,(OH),(CO5)
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88 2 IR Spectra of Minerals and Related Compounds, and Reference Samples Data

Origin: Synthetic.

Description: Synthesized by the coprecipitation method from Mg(NO3),, Cr(NO3);, and Nay(COj3) in
the presence of NaOH. Characterized by thermoanalytical and powder X-ray diffraction data, and
by atomic absorption spectrometry. The empirical formula is
Mg 68Crg 32(OH)»(CO3)0.16-0.86H,0. The strongest line of the powder X-ray diffraction pattern
is observed at 22.92 A.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Labajos and Rives (1996).

Wavenumbers (cm_l): 3410s, 3020sh, 1625w, 1360s, 1077sh, 845sh, 762, 608, 517.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum.

C357 Quintinite-related hydroxyde carbonate NiyCr,(OH);,(CO3)-nH,0 NiyCr,(OH);,(CO3)
nH20
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Origin: Synthetic.

Description: Synthesized by the coprecipitation method from Ni(NOs),, Cr(NO3);, and Nay(COs)
in the presence of NaOH. Characterized by thermoanalytical and powder X-ray diffraction
data, and by atomic absorption spectrometry. The empirical formula is
Nig 65Cr.35(0H)2(CO3)p.15:0.99H,0. The strongest line of the powder X-ray diffraction pattern is
observed at 22.50 A.
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Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Labajos and Rives (1996).

Wavenumbers (cm ™ "): 3382s, 3020sh, 1624w, 1354s, 1060sh, 806s, 687sh, 580, 521.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum.

C358 Scarbroite Als;(CO3)(OH)5-5H,0
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Origin: The former Fonte Civillina, the town of RecoaroTerme, Vicenza, NE Italy.

Description: Nests of microcrystalline aggregates from the association with quartz, baryte, galena,
cerussite, etc. Characterized by powder X-ray diffraction data and semiquantitative electron micro-
probe analyses. Triclinic, a = 9.892(1), b = 14.934(2), c = 26.321(4) A, a=98.89(1)°, p=97.49(1)°,
y = 89.04(1)°.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Boscardin et al. (2009).

Wavenumbers (IR, cm™"): 3614w, 3583w, 3370 (broad), 2102w, (1773w), 1651w, 1622sh, (1573w),
1474sh, 1459sh, 1419s, 1288sh, 1096sh, 1084sh, 1052sh, 1020s, 963sh, 886, 868sh, 720, 622s,
540s, 497s, 451s.

Note: In the cited paper, the wavenumber 720 cm™' is erroneously indicated as 750 cm™'. The
wavenumbers were partly determined by us based on spectral curve analysis of the published
spectrum. In the cited paper, Raman spectrum is given.

Wavenumbers (Raman, cm_l): 3668, 3614s, 3593, 2994s, 1421, 1342, 1107s, 983, 889, 696, 600s,
449, 376, 267.
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C359 Bayleyite Mgz(UOZ)z(C03)3 18H20
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Origin: Hideout #1 mine, San Juan Co., Utah, USA.

Description: Yellow crystals from the association with gypsum. The sample was kindly provided by
A.V. Kasatkin.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Absorption.

Wavenumbers (cm_l): 3570sh, 3425, 3346s, 3260sh, 2579w, 2290sh, 1655sh, 1635, 1539s, 1373s,
1120sh, 1088w, 1059w, 1031w, 1009w, 898, 876, 744, 695sh, 649, 630sh, 575sh, 542, 471, 430.

Note: The spectrum was obtained by N.V. Chukanov.

C360 Linekite K,Ca;[(UO,)(CO3)3],-8H,0
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Origin: Geschieber vein, Svornost Mine, Jaichymov, Jaichymov District, Krusné Hory Mts, Karlovy
Vary Region, Bohemia, Czech Republic (type locality).

Description: Greenish-yellow tabular crystals from the association with braunerite. Investigated by
A.V. Kasatkin. The empirical formula is (electron microprobe): K; 94Caz 03(U0O53); 0o(CO3)s-nH,0.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Absorption.

Wavenumbers (cm™"): 3496s, 3420s, 3270sh, 2612w, 1604s, 1555s, 1372s, 1168w, 1148w, 1071,
1025sh, 893s, 850, 741, 691, 538, 474.

Note: The spectrum was obtained by N.V. Chukanov.

C361 Wermlandite carbonate analogue Mg;Al,(OH),5[Ca(H,0)c](CO5,S04),-6H,0
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Origin: Langban deposit, Bergslagen ore region, Filipstad district, Virmland, Sweden (type locality).

Description: Pale greenish-gray hexagonal platelets on calcite crystals. The crystal structure is solved.
Trigonal, space group P-3cl,a =9.303(3),c = 22.57(1) A, V=1692 A*. Z= 2. Dy cas = 1.93 g/cm’,
Deae = 1.96 glem’.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Rius and Allmann (1984).

Wavenumbers (cm™'): 1365s, 1264, 1105w, 1024sh, 650s, 564sh, 416s, 317w.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum. In the cited paper, the mineral is described as wermlandite s.s.,
Mg, Al,(OH),5[Ca(H,0)6](SO4),-6H,O. However the intensities of the bands of asymmetric
vibrations of carbonate and sulfate anions (at 1365 and 1105 cm ™', respectively) indicate that it
is a CO3-dominant mineral. The value of measured density confirms this conclusion.
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C362 Nakauriite Cug(SO4),(CO3)(OH)s-48H,0
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Origin: Nakauri mine, near Shinshiro city, Aichi pref., Chubu Region, Honshu Island, Japan (type
locality).

Description: Light blue crust consisting of radial aggregates. The associated minerals are chrysotile
and brucite. Confirmed by the IR spectrum.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Wavenumbers (cm™"): 3686w, 3650, 3495, 3275sh, 2996, 2435w, 1650sh, 1600, 1361s, 1143w,
1066w, 959w, 864w, 760sh, 689s, 672s, 514, 423, 376s.

Note: The spectrum was obtained by N.V. Chukanov. The formula accepted for nakauriite is wrong
and is to be revised: actually, nakauriite does not contain sulfate groups. The weak bands at 959 and
3686 cm ™! correspond to chrysotile impurity.

C363 Nakauriite Cug(SO4)4(CO3)(OH)¢48H,0
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Origin: Nakauri mine, near Shinshiro city, Aichi pref., Chubu Region, Honshu Island, Japan (type
locality).

Description: Holotype sample with impurities (see Sect. 1.3 in this book).

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Suzuki et al. (1976).

Wavenumbers (cm™"): 3700s, 3650s, 3500, 2990, 2430, 1660sh, 1404 (plateau), 1355s, 1075s,
1020sh, 983sh, 950s, 613s (broad), 454s.

Note: The strong bands at 3700, 1075, 950, 613, and 454 cm ™" correspond to chrysotile impurity.

C364 Nakauriite Cug(SO4),(CO5)(OH)s-48H,0
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Origin: Chromite quarry near Karkodin railway station, Chelyabinsk region, South Urals.

Description: Blue crystalline crust on serpentine. Investigated by I.V. Pekov and N.V. Chukanov. For
the description see Sect. 1.3 in this book.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Wavenumbers (cm_l): 3688s, 3651s, 3504, 3000s, 2490sh, 1678, 1500sh, 1361s, 1139w, 1074,
1025, 954s, 866w, 784w, 690sh, 669s, 614, 509, 440s, 426s, 398, 376s.

Note: The spectrum was obtained by N.V. Chukanov. The formula accepted for nakauriite is wrong
and is to be revised: actually, nakauriite does not contain sulfate groups. The bands at 3688, 1074,
1025, 954, 614, and 376 cm ™! correspond to serpentine.
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C365 Paratooite-(La) (La,Ca,Na,Sr);,Cu,(CO3);¢

L L]
\ ™ faaN
CTEMWINT IS
\
\
E |
5
e \
|
|
U
g ¢ (o 117 1 1 1 1
400 800 1200 1600 2000 2400 2800 3200 3600

Wavenumber (cm’)

Origin: Paratoo copper mine, Yunta, Olary Province, South Australia, Australia (type locality).

Description: Light blue clusters. The sample was kindly provided by A. Pring, the author of the first
description of paratooite.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Absorption.

Wavenumbers (cm™): 3561w, 3142w, 2944w, 1760sh, 1502s, 1455sh, 1387, 1076, 1034, 1015sh,
917w, 859, 798w, 764w, 727, 697, 674w, 536w, 472, 397.

Note: The spectrum was obtained by N.V. Chukanov.

C366 Coalingite Mg 1 oFe3 +2(OH)24(CO3) 2H20
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Origin: Union Carbide Asbestos pit, New Idria district, Diablo Range, Fresno Co., California, USA
(type locality).

Description: Brown crust on serpentine. Identified by the IR spectrum.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Absorption.
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Wavenumbers (cm™"): 3693s, 3647, 3445, 1632, 1601, 1395sh, 1384, 1349w, 1285w, 1235w, 1077,
1021w, 958, 825sh, 755sh, 558s, 443s, 399s, 371s.
Note: The spectrum was obtained by N.V. Chukanov.

C369 Ikaite Ca(CO;)-6H,0
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Origin: Artificial river bed in an alpine valley situated in the eastern part of Austria.

Description: Beige precipitate collected in February, 2014. Characterized by powder X-ray
diffraction data.

Kind of sample preparation and/or method of registration of the spectrum: Attenuated total
reflection of powdered mineral.

Source: Boch et al. (2015).

Wavenumbers (cm_l): 3350s, 2000w, 1650, 1455sh, 1400s, 1080, 873s, 743, 700w.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum.

C370 Abellaite NaPb,(CO5),(OH)
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Origin: Eureka mine, southern Pyrenees, Lleida province, Catalonia, Spain (type locality).

Description: White coating on the surface of the aggregate of primary minerals (roscoelite, pyrite,
uraninite, sulfides, etc.). Holotype sample. Trigonal, space group P63mc, a = 5.254(2), ¢ = 13.450
5) A,V = 32152) A Z = 2. Dege = 593 g/lem®. The empirical formula is
Nag 96Cag 04Pb 93(CO3),(OH). The strongest lines of the powder X-ray diffraction pattern [d, A
(1, %) (hkl)] are: 3.193 (100) (013), 2.627 (84) (110), 2.275 (29) (020), 2.242 (65) (021, 006), 2.029
(95) (023).

Source: Ibafiez-Insa et al. (2017).

Wavenumbers (IR, em™"): 3500, (3400), 1750w, (1600sh), 1425s, 1098w, 1053w, 998w, 878w,
844, 688s.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum. In the cited paper, Raman spectrum is given.

Wavenumbers (Raman, cm™"): 3504w, 1391, 1058s, 1038w, 868w, 683, 280, 202.

C371 Shannonite Pb,O(CO5)
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Origin: Tonopah-Belmont mine, Belmont Mt., Tonopah, Osborn district, Big Horn Mts., Maricopa
Co., Arizona, USA.

Description: White massives from the association with plumbojarosite.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Absorption.

Wavenumbers (em™"): (3532w), 2470w, 2396w, 1745sh, 1735w, 1433s, 1392s, 1374s, 1102w,
1050, 1009w, 841, 682, 473, 425, 376.

Note: The spectrum was obtained by N.V. Chukanov.
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CSi30 Roymillerite Pb24Mg9(SlgAlOQg)(SIO4)(BO3)(CO3)]o(OH)]404
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Origin: Kombat Mine, Grootfontein district, Otjozondjupa region, Namibia (type locality).

Description: Colorless platy single-crystal grains from the association with jacobsite, cerussite,
hausmannite, sahlinite, rthodochrosite, baryte, grootfonteinite, Mn-Fe-oxides, and melanotekite.
Holotype sample. The crystal structure is solved. Triclinic, space group P-1, a = 9.315(1),
b = 9.316(1), ¢ = 26.463(4) A, a = 83.295(3)°, p = 83.308(3)°, y = 60.023(2)°, V = 1971.2
(6) A%, Z=1. Dy, = 5.973 g/em>. Optically biaxial (—), a = 1.86(1), f ~ y = 1.94(1), 2V = 5(5)°.
The empirical formula is Pb,y 1,Mgg 74Mn; »5Feq 04B1.03Al1.04Co 46519 30H14.27053. The strongest
lines of the powder X-ray diffraction pattern [d, A (I, %) (hkD)] are: 25.9 (100) (001), 13.1
(11) (002), 3.480 (12) (017, 107, -115, 1-15), 3.378 (14) (126, 216), 3.282 (16) (—2-15, -
1-25), 3.185 (12) (—116, 1—-16), 2.684 (16) (031, 301, 030, 300, 332, —-109, 0-19, 1-18),
2.382 (11) (0.0.-11).

Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Absorption.

Wavenumbers (cm™'): 3700, 3583, 3513, 3352, 1726w, 1385s, 1231, 1204, 1083, 1050sh, 1042,
999s, 915, 898, 875sh, 842w, 806w, 780w, 725w, 688, 679, 635w, 605w, 580w, 548w, 467s,
420sh, 400sh.

Note: The spectrum was obtained by N.V. Chukanov.
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2.3

Org70 Barium formate Ba(HCO,),
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Description: Prepared from formic acid and barium carbonate. Orthorhombic, space group P2,2,2,

Wavenumber (cm’)

a=681,b=891,c=767A,Z=4.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Absorption.
Source: Harvey et al. (1963).
Wavenumbers (cm™'): 2975w, 2920sh, 2912, 2865, 2822, 2765sh, 2745, 2700w, 1600s, 1570s,

1398, 1385, 1355, 1345, 1069w, 1060sh, 765, 756.
Note: For the IR spectrum of barium formate see also Liu et al. (2001).

Org71 Cadmium formatedihydrate Cd(HCOO),-2H,O
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Origin: Synthetic.

Description: Monolinic, space group P2,/c, Z = 4.

Kind of sample preparation and/or method of registration of the spectrum: KBr and polyethylene
discs. Transmission.

Source: Abraham and Aruldhas (1994).
Wavenumbers (cm™1): 3432sh, 3382, 3257sh, 3112sh, 2962w, 2896, 2862s, 2774, 2740w, 2690w,

(2352w), (2314w), 1588s, 1405s, 1358s, 1348s, 1059w, 901w, 826w, 788w, 764s, 662w, 600w,
525w, 361, 299, 264, 231, 195, 154, 138, 121, 113, 103, 84, 68.
Note: Weak bands in the range from 2300 to 2400 cm ™' may correspond to atmospheric CO,.

Org72 Cadmium oxalate trihydrate Cd(C,0,4)-:3H,0
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Origin: Synthetic.

Description: Colorless crystals grown at room temperature in silica gel, in the presence of Cd** ions
impregnated with oxalic acid. Triclinic, @ = 6.0059, b = 6.66, c = 8.49 A, a = 105.71°, = 98.99°,
y = 74.66°.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Raj et al. (2008).
Wavenumbers (cm_l): 3542s, 3496s, 2919w, 1613s, 1461, 1381, 1314s, 778s, 599, 519.
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Org73 Copper strontium formate CuSr(HCOO),
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Origin: Synthetic.

Description: Prepared by neutralization of the corresponding carbonates with dilute formic acid
solution at 60—70 °C. Monoclinic, space group P2/c.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Stoilova and Vassileva (1999).

Wavenumbers (cm™1): 1608s, 1571s, 1411w, 1401, 1375, 1354, 1337, 1312, 1063.

Note: In the cited paper, the wavenumber 1401 cm ™' is erroneously indicated as 1407 cm ™.

Org74 Lead(II) oxalate Pb(C,0,)
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Origin: Synthetic.

Description: Prepared by reacting equimolecular amounts of 0.2 M solutions of lead nitrate and (NH,)
(HC,0,). Characterized by powder X-ray diffraction data. Triclinic, space group P-1, Z = 2 (see
JCPDF 14-0803).

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Mancilla et al. (2009b).

Wavenumbers (IR, cm_l): 1630sh, 1587s, 1365w, 1312, 1289s, 782, 773, 524, 504.

Note: In the cited paper, Raman spectrum is given.

Wavenumbers (Raman, cm_l): 1707w, 1589s, 1476s, 1436s, 1400w, 1366w, 911w, 891, 854,
572w, 497s, 484s.

Org75 Neptunium(IV) oxalate hexahydrate Np(C,0,4),-6H,O
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Origin: Synthetic.

Description: Obtained by precipitation from aqueous solution. The strongest lines of the powder X-ray
diffraction pattern [d, A (I, %)] are: 7.88 (70), 6.36 (100), 5.04 (15), 4.91 (20), 3.93 (90), 3.18 (15).

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Lindsay et al. (1970).

Wavenumbers (cm_l): 3542, 3480s, 3170sh, 2974w, 2332w, 1638s, 1495w, 1477w, 1461sh, 1360s,
1316, 1172w, 1098w, 1039w, 934w, 818s, 805sh, 694, 499, 456, 407, 309sh, 279sh, 245sh, 212sh.

Note: The wavenumbers were determined by us based on spectral curve analysis of the published
spectrum.
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Org76 Samarium oxalate decahydrate Sm,(C,04)3:10H,O
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Origin: Synthetic.

Description: Single crystals grown using diffusion gel technique from samarium nitrate hexahydrate
and oxalic acid dihydrate in the presence of sodium silicate (meta)nonahydrate. Characterized by
powder X-ray diffraction data and thermal analysis. Monoclinic, space group P2,/c.

Kind of sample preparation and/or method of registration of the spectrum: Transmission. Kind of
sample preparation is not indicated.

Source: Vimal et al. (2014).

Wavenumbers (cm_l): 3360s, 1628s, 1495sh, 1357, 1317s, 807, 761w, 595, 490.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum.

Org77 Uranium(I'V) oxalate fluoride hydrate U,(C,0,4)F¢-2H,0
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Origin: Synthetic.

Description: Prepared hydrothermally from UO,, HF, and oxalic acid dihydrate at 120 °C for 3 days.
Characterized by powder X-ray diffraction data. The crystal structure is solved. Monoclinic, space
group C2/c, a = 17.246(3), b = 6.088(1) A, ¢ = 8.589(2) A, p = 95.43(3)°, Z = 8

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Wang et al. (2006b).

Wavenumbers (cm_l): 3370 (broad), 1691s, 1680sh, 1638s, 1350, 1310, 804s, 638sh, 582s,
491, 405s.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the

published spectrum.

Org78 Zirconium basic oxalate Zr(C,04)(OH),-0.5H,0
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Origin: Synthetic.

Description: Obtained by interdiffusion of oxalic acid and ZrO(NO3), in silicate gel. Characterized by
TG analysis. The crystal structure is solved. Tetragonal, space group /4/m, a = 12.799(5), ¢ = 7.527
(5) A, V=1233.0(1) A®, Z = 8. Deye = 2.35 glem®.

Kind of sample preparation and/or method of registration of the spectrum: Transmission. Kind of
sample preparation is not indicated.

Source: Hamdouni et al. (2013).

Wavenumbers (cm_l): 3350, 1600s, 1300s, 920w, 798.
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Org79 Bacalite
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Origin: El Gallo, near El Rosario, Late Cretaceous El Gallo Formation, Baja California, northwestern
Mexico.

Description: Reddish to brownish yellow fossil resin forming lumps up to 5 cm in size from yellowish-
brown mud and fine-grained sandstones.

Kind of sample preparation and/or method of registration of the spectrum: Synchrotron-based
FTIR microspectroscopy.

Source: Riquelme et al. (2014).
Wavenumbers (cm™1): 3420, 2910s, 2868s, 2845s, 1693s, 1444, 1375, 1255, 1110, 1002, 845, 755.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum. For IR spectra of some other fossil resins (succinite, gedanite, gedano-
succinite, rumanite, and retinite) see Golubev and Martirosyan (2012).

Org80 Caoxite Ca(C,04)-:3H,0
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Origin: Synthetic.

Description: Obtained by the reaction between an aqueous solution of diethyl oxalate and calcite
crystals. Characterized by powder X-ray diffraction data. Triclinic, space group P-1, a = 6.1097
(13), b = 7.1642(10), ¢ = 8.4422(17) A, a = 76.43(1)°, f = 70.19(2)°, y = 70.91(2)°, V = 325.3
(H A% z=2.

Kind of sample preparation and/or method of registration of the spectrum: A single crystal
pressed in a diamond anvil cell. Transmission.

Source: Conti et al. (2015).

Wavenumbers (IR, cm_l): 3528s, 3427s, 3222, 1668s, 1624s, 1377w, 1327, 783.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum. In the cited paper, Raman spectrum is given. Raman bands at 2941 and

2882 cm ™' may correspond to a compound with C—H bonds. Raman shifts above 3000 cm ™" are

not given in the cited paper.
Wavenumbers (Raman, cm_l): 2941, 2882, 1472s, 912s, 507, 156.

Org81 Caoxite Ca(C,04)-3H,O
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Origin: Synthetic.

Description: Crystals synthesized at room temperature by reaction of aqueous solution of dimethyl
oxalate with an aqueous solution of anhydrous calcium chloride in a stoichiometric proportion.
Characterized by TG and DTA data.

Kind of sample preparation and/or method of registration of the spectrum: Single crystal placed
on a KBr plate. Transmission.

Source: Echigo et al. (2005).
Wavenumbers (cm™1): 3615sh, 3429s, 3265sh, 2955, 2815sh, 2105, 1915, 1640sh, 1610s, 1386,

1323, 1254sh, 1173sh, 1114sh, 1080, 1041, 908sh, 887sh, 867sh, 783, 714.
Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum. The bands in the range from 2800 to 3000 cm ™" correspond to the admixture

of an organic substance with C—H bonds.
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Org82 Coahuilite
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Origin: El Gallo, near El Rosario, Late Cretaceous El Gallo Formation, Baja California, northwestern
Mexico.

Description: Yellow to orange-brown fossil resin insoluble in alcohol and acetone, with a relatively
high content of aromatic groups.

Kind of sample preparation and/or method of registration of the spectrum: Synchrotron-based
FTIR microspectroscopy.

Source: Riquelme et al. (2014).

Wavenumbers (cm™1): 3287, 2975, 2921, 2895, 2865, 1707, 1600, 1513s, 1451, 1411, 1375, 1308w,
1220s, 1070s, 1038s, 1012, 812, 753.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum. For IR spectra of some other fossil resins (succinite, gedanite, gedano-
succinite, rumanite, and retinite) see Golubev and Martirosyan (2012).

Org83 Deveroite-(Ce) Ce,(C,04)3'10H,O
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Origin: Synthetic.

Description: Synthesized by mixing aqueous solutions of stoichiometric amounts of CeCl;-7H,0 and
oxalic acid. Characterized by powder X-ray diffraction data, DTA-TG-DTG, and elemental
analyses.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.

Transmission.
Source: Gabal et al. (2012).
Wavenumbers (cm_l): 3375, 2910w, 1615s, 1361, 1316, 1118w, 999, 797s, 749, 591s, 495, 371.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum.
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Origin: Krasno, Slavkovsky Les Mts., western Bohemia, Czech Republic.

Description: Polycrystalline crusts on pinetree bark and wood. The crystal structure is solved.
Orthorhombic, space group P2,2,2, a = 22.6520(7), b = 10.3328(3), ¢ = 7.6711(2) A,
V = 1795.4909) A%, Z = 4. Doy = 1.1334 g/cm®. The empirical formula is C;oH;3COOH.

Kind of sample preparation and/or method of registration of the spectrum: Attenuated total
reflection.

Source: PaZout et al. (2015).

Wavenumbers (IR, cm_l): 2919s, 2865s, 2847s, 2651, 2545, 2456, 1737w, 1689s, 1472, 1442, 1410,
1383, 1363, 1334, 1279, 1254, 1248, 1225w, 1185, 1139, 1101w, 1092w, 1046w, 1032w, 1015w,
960, 940, 904w, 885w, 875w, 856w, 836w, 823w, 794w, 770w, 747w, 703, 633w, 586w, 535w,
507w, 461w, 420w, 412w.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum. In the cited paper, Raman spectrum is given.

Wavenumbers (Raman, cm ™ '): 3013, 2952s, 29355, 2890s, 2844s, 1474s, 1452s, 1383, 1362, 1249,
1202, 739, 725s.
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Org85 Simojovelite
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Origin: La Pimienta, near Simojovel, Chiapas Highlands, Mexico.

Description: Fossil resin.

Kind of sample preparation and/or method of registration of the spectrum: Synchrotron-based
FTIR microspectroscopy.

Source: Riquelme et al. (2014).

Wavenumbers (cm_l): 3400 (broad), 2923s, 2860s, 1700s, 1440, 1378, 1235, 1098, 970, 846.

Note: For IR spectra of some other fossil resins (succinite, gedanite, gedano-succinite, rumanite, and
retinite) see Golubev and Martirosyan (2012).

Org86 Stepanovite NaMgFe’*(C,0,);-8-9H,0
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Origin: Synthetic.

Description: Obtained by the reaction of an aqueous solution of Naz[Fe(C,0,4)3]-5H,0 (prepared by
reaction of a suspension of freshly precipitated Fe(OH); with an aqueous solution of NaHC,QOy,)
with a great excess of MgCl,. The crystal structure is solved. Trigonal, space group P3cl,
a = 17.0483(4), c = 12.4218(4) A, V = 3126.7(1) A®>, Z = 6. Doyye = 1.687 g/em’.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Piro et al. (2016).

Wavenumbers (IR, cm_l): 3518s, 3450s, 3371s, 3233, 1674s, 1400s, 1324w, 1265, 900, 798,
696, 627, 536, 483, 423.

Note: In the cited paper, Raman spectrum is given.

Wavenumbers (Raman, cm_l): 3450w, 3350w, 3275w, 1728s, 1666, 1478, 1460, 1523, 1398, 1267,

903, 599, 537, 480s.

Org87 Zhemchuzhnikovite NaMgAl(C,04)3-8H,0
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Origin: Synthetic.

Description: Fe-rich variety, NaMg(Alo_55Fe3+0_45)(C204)3-nHZO, obtained by the mixing aqueous
solutions of NaMg[Fe(C,04);]-9H,0 and NaMg[A1(C,04)3]-9H,0. The crystal structure is solved.
Trigonal, space group P3cl, a = 16.8852(5), ¢ = 12.5368(5) A, V = 3095.522) A*, Z = 6.
Deate = 1.652 g/em?.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Piro et al. (2016).

Wavenumbers (IR, cm_l): 3458s, 3355s, 3219s, 1684s, 1404s, 1298, 1276, 1146w, 916, 901,
811, 765sh, 729, 581, 534, 490, 475, 419w.

Note: In the cited paper, Raman spectrum is given.

Wavenumbers (Raman, cm™!): 3467, 3222, 1788s, 1688, 1520w, 1479, 1440s, 1266, 991, 923,

856, 565, 533, 479s.
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Org88 Deveroite-(Ce) Ce,(C,04)3:10H,0
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Origin: Synthetic.

Description: Sm>* doped crystal synthesized using single diffusion gel technique. Characterized by
powder X-ray diffraction data and EDS analysis. Monoclinic, a = 11.34, b = 9.630, ¢ = 10.392 A,
p=114.5°.

Kind of sample preparation and/or method of registration of the spectrum: Transmission. Kind of
sample preparation is not indicated.

Source: Unnikrishnan and Ittyachen (2016).

Wavenumbers (cm_l): 3257, 1615s, 1364, 1316s, 915w, 860w, 796, 582, 495.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum.

Org89 Triazolite NaCu,(N;C,H,),(NH3),Cl3-4H,0 where N3C,H, ™ is 1,2,4-triazolate anion
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2.4 Nitrides and Nitrates 1m

Origin: Pabellén de Pica Mountain, 1.5 km south of Chanabaya village, Iquique Province, Tarapaca
Region, Chile (type locality).

Description: Clusters and radiated aggregates of prismatic crystals from the association with
salammoniac, halite, ammineite, joanneumite, chanabayaite, nitratine, natroxalate, and méhnite.
Holotype sample. The crystal structure is solved. Orthorhombic, space group P2,2,2,a = 19.3575
(5), b="7.15718(19), ¢ = 12.5020(4) A, V = 1732.09(8) A®, Z = 4. Dy = 2.028 g/cm?. Optically
biaxial (—), a = 1.582(4), f = 1.625(3), y = 1.625(3), 2V = 5(3)°. The empirical formula is
Nal.14(Cu1_86Fe(),14)(C12_9950.23)N9.23C3,43H23.34O4_29. The strongest lines of the powder X-ray
diffraction pattern [d, A (I, %) (hkl)] are: 10.22 (97) (101), 6.135 (40) (011), 5.696 (17) (301),
5.182 (59) (202), 5.119 (100) (211), 4.854 (19) (400), 3.752 (16) (312, 501), 3.294 (18) (221),
2.644 (17) (404), 2.202 (18) (324, 713).

Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Absorption.

Wavenumbers (cm™"): 3500sh, 3431s, 3371s, 3302s, 3215s, 3173s, 3145sh, 3047s, 2935sh, 2855,
2812, 2050w, 1751, 1653, 1635, 1621, 1510, 1414, 1300, 1267, 1198w, 1172, 1095, 1062, 1036w,
1002, 990sh, 887, 778w, 669, 638w, 575, 513w, 440w.

Note: The spectrum was obtained by N.V. Chukanov.

24 Nitrides and Nitrates

N20 Hexaamminenickel(IT) nitrate [Ni(NH;)s](NO3),
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Origin: Synthetic.
Description: Prepared in the reaction between nickel nitrate hexahydrate and gaseous ammonia in the
presence of silica gel. The crystal structure is solved. Cubic, space group Fm-3m, a = 10.8738(6) A,

V =1285.73(7) A®, Z = 4. Doy = 1.471(1) glem®.
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Kind of sample preparation and/or method of registration of the spectrum: Attenuated total
reflection of a powdered sample.

Source: Breternitz et al. (2015).

Wavenumbers (cm ") 3364, 3282w, 1616w, 1329, 1202s, 832, 648s.

Note: In the cited paper, the wavenumber 832 cm ™" is erroneously indicated as 823 cm ™.

N21 Lantanum nitrate hexahydrate La(NO3);-6H,O
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Origin: Synthetic.

Description: Commercial reactant. Triclinic, space group P2,/c, a = 7.386(3), b = 7.716(3),
c = 11.345(4) A, a = 99.773(5)°, f = 91.141(6)°, y = 115.58(5)°, V = 571.6(3) A®, Z = 2.
Dineas = 2.39(3) g/lem?, Deye = 2.391 g/em?. Optically biaxial (=), @ = 1.554(2), f = 1.558(2),
y = 1.566(2), 2V = 70(5)°. The strongest lines of the powder X-ray diffraction pattern [d, A , %)
(hkD)] are: 11.089 (100) (001), 3.540 (81) (0-13,-1—12), 5.484 (79) (002, 101), 2.918 (60) (—122),
3.089 (33) (—113, 201), 4.022 (30) (102, —112), 6.826 (23) (010).

Kind of sample preparation and/or method of registration of the spectrum: Diffuse reflection of
powdered sample mixed with KBr. The transformation into absorbance spectra was carried out by
using background spectra collected under identical conditions with KBr powder in the holder.

Source: Klingenberg and Vannice (1996).

Wavenumbers (cm~'): 3525s, 3246sh, 2804w, 2495, 2366, 2108w, 2069w, 1772, 1643s, 1554s,
1415sh, 1379, 1276, 1042, 815, 752.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum. In the cited paper, the wavenumber 2178 cm ™' is erroneously indicated as
2108 cm ™.
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N22 Uranyl nitrate hexahydrate UO,(NOs),-6H,O
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Origin: Synthetic.
Description: Commercial reactant.

400

1600

Kind of sample preparation and/or method of registration of the spectrum: A mixture with KBr.

Transmission.
Source: Caldow et al. (1960).

Wavenumbers (cm '): 1531s, 1515s, 1392s, 1300, 1032, 933s, 804, 752, 745sh.
Note: The band at 1392 cm ™ may correspond to KNOj3; formed in the reaction between UO,(NO3),-6H,0
and KBr. Consequently, the presence of uranyl bromide in the sample is not excluded.

N23 Nierite S-Siz;Ny
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Origin: Synthetic.
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Description: Prepared by reacting silicon powder with nitrogen at 1350 °C for 2 h followed by heating

at 1500 °C for 16 h. Hexagonal, space group P63/m, Z = 2.

Kind of sample preparation and/or method of registration of the spectrum: Csl disc. Transmission.
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Source: Wild et al. (1978).

Wavenumbers (cm_l): 1035, 938s, 915s, 579, 441, 380.

Note: The wavenumbers were determined by us based on spectral curve analysis of the published
spectrum.

N24 Nitratine Na(NO3)
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Origin: Synthetic.

Kind of sample preparation and/or method of registration of the spectrum: Nujol mull. Transmission.
Source: Miller and Wilkins (1952).

Wavenumbers (cm_l): 2428w, 1790w, 1358s, 836.

Note: A shoulder near 1447 cm ™' corresponds to Nujol.

N25 Osbornite TiN

\ [
(]
S H——f
]
=
E1LN
o
]
U
1 T 1
400 800 1200 1600 2000 2400 2800 3200 3600

Wavenumber (cm’)



24 Nitrides and Nitrates 115

Origin: Synthetic.

Description: A layer deposited using sequential additions of TiCl, and NH; on fumed silica powder.

Kind of sample preparation and/or method of registration of the spectrum: Diffuse reflection of a
mixture with KBr powder.

Source: Snyder et al. (2006).

Wavenumbers (cm™): 765, 670s, 530sh.

N26 Qingsongite BN
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Origin: Synthetic.

Description: Produced from hexagonal BN by spontaneous high pressure (5.5 GPa) and high
temperature (1800—-1900 K) nucleation using Mg as a solvent-catalyst.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Kutsay et al. (2010).

Wavenumbers (IR, cm™"): 1398, 1223, 1100, 1022.

Note: The wavenumbers were determined by us based on spectral curve analysis of the published
spectrum. The weak band at 1398 cm ™' corresponds to the admixture of hexagonal BN. In the cited
paper, a figure of qingsongite Raman spectrum is given.
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N27 Qingsongite (C-bearing) C,3(BN)y~
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Origin: Synthetic.

Description: Obtained from a mixture of hexagonal BN and graphite powders at 30 GPa and
temperature between 2000 and 2500 K. Cubic, a = 3.613(3). The observed lines of the powder
X-ray diffraction pattern [d, A (hkl)] are: 2.086 (111), 1.806 (200) (very weak), 1.276 (220).

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Knittle et al. (1995).

Wavenumbers (IR, cm_l): ~1045.

Note: In the cited paper, Raman spectrum is given.

Wavenumbers (Raman, cm ™ ): 1323.

N28 Sinoite Si,N,O

Origin: Synthetic.

Description: Orthorhombic, space group Cmc2,.

Kind of sample preparation and/or method of registration of the spectrum: No data.

Source: Mirgorodsky et al. (1989).

Wavenumbers (cm_l): 1130, 1070sh, 1030sh, 990, 953s, 906s, 730sh, 679, 648w, 542, 496,
448, 327, 252.
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2.5 Oxides and Hydroxides

0495 Ferricoronadite Pb(Mn**¢Fe’*,)0
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Origin: “Mixed Series” metamorphic complex near the NeZilovo village, Pelagonian massif, Republic
of Macedonia (type locality).

Description: Veinlets in granular aggregate consisting of franklinite, gahnite, hetaerolite, roméite,
almeidaite, Mn-analogue of plumboferrite, hogbomite-group minerals, Zn-bearing talc, baryte,
quartz, etc. Holotype sample. The crystal structure is solved. Tetragonal, space group [4/m,
a = 9.9043(7), ¢ = 2.8986(9) A, V = 284.34(9) A®, Z = 1. Doy = 5.538 g/cm®. The empirical
formula is (electron microprobe): Pb1_03B30.32(Mn4+4_85Fe3+1_35Mn3+1.1gTi0_49Alo_09ZH0.O4)016.
According to the Mossbauer spectrum, all iron is trivalent. The Mn K-edge XANES spectroscopy
shows that Mn is predominantly tetravalent, with subordinate Mn>*. The strongest lines of the
powder X-ray diffraction pattern [d, A (1, %) (hkD)] are: 3.497 (33) (220), 3.128 (100) (—130, 130),
2424 (27) (=121, 121), 2.214 (23) (240, -240), 2.178 (17) (031), 1.850 (15) (141, —141), 1.651
(16) (060), 1.554 (18) (—251, 251).

Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Absorption.

Wavenumbers (cm_l): 1078w, 795sh, 700, 665, 560s, 510s, 475sh, 400sh.

Note: The spectrum was obtained by N.V. Chukanov.



118 2 IR Spectra of Minerals and Related Compounds, and Reference Samples Data

0496 Ferrihollandite Ba(Mn**¢Fe**,)06
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Origin: Sorharas, Ultevis, Lappland, Sweden.

Description: Black prismatic crystals. The empirical formula is (electron microprobe):
(Bap.79Ko.17Pbg.11S10.07Nag 07)(Mng 25Fe0 93Alg.43Tio 32Mg0.10Zn0.02)Os.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Absorption.

Wavenumbers (cm_l): 1095w, 708, 572s, 525s, 485sh.

Note: The spectrum was obtained by N.V. Chukanov.

0497 Cesarolite PbMn**;04(OH),
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Origin: Belorechenskoe deposit, Adygea (Adygeya) Republic, Northern Caucasus, Russia.

Description: Black massive, with brown streak, from the association with baryte, dolomite, fluorite,
galena, and gypsum. Investigated by A.V. Kasatkin. The empirical formula is (electron micro-
probe): Pbg 75Cug2Zng 1Mn; o(O,0H)g. The strongest lines of the powder X-ray diffraction pattern
are observed at 3.42, 3.13, 2.39, 2.21, 2.11, 1.88, 1.77, 1.69, 1.57, 1.48, and 1.41 A.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Absorption.

Wavenumbers (cm™"): 3381, 3158s, 1630, 1570, 1420w, 1165sh, 1080, 480, (420sh).

Note: The band at 1630 cm™ ' may correspond to adsorbed water; the weak band at 1420 cm ™' may be
due to dolomite impurity.

Note: The spectrum was obtained by N.V. Chukanov.

0498 Sodalite Ca-Al-Mo-W-analogue Cag(Al{,0,4)[(M004);5(WO4)os]
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Origin: Synthetic.

Description: Synthesized in a solid-state reaction from the stoichiometric mixture of y-Al,03, CaCOs3,
MoOs, and WOj5. The sample was provided by Prof. W. Depmeier. Cubic or pseudocubic. MoO4*~
and WO,>~ are extra-framework anions. The composition is confirmed by electron microprobe
analyses.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Absorption.

Wavenumbers (cm_l): 1080sh, 1009, 982, 885s, 868s, 846s, 832s, 679, 668, 640, 630sh, 606, 570sh,
491w, 470w, 403s.

Note: The spectrum was obtained by N.V. Chukanov. The anions MoO,>~ and WO, are almost
indistinguishable by means of IR spectroscopy (compare powellite and scheelite).
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0499 Sodalite Ca-Al-Mo-W-analogue Cag(Al;,0,4)[(M0O4)(WO,)]
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Origin: Synthetic.

Description: Synthesized in a solid-state reaction from the stoichiometric mixture of y-Al,03, CaCOs3,
MoOs, and WOs5. The sample was provided by Prof. W. Depmeier. Cubic or pseudocubic. MoO4*~
and WO, are extra-framework anions. The composition is confirmed by electron microprobe
analyses.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Absorption.

Wavenumbers (cm_l): 1080sh, 1009, 981, 885s, 869s, 846s, 833s, 679, 668, 640, 630sh, 606, 568w,
490w, 470w, 406s.

Note: The spectrum was obtained by N.V. Chukanov. The anions MoO,*~ and WO,>~ are almost
indistinguishable by means of IR spectroscopy (compare powellite and scheelite).

0500 Sodalite Ca-Al-Mo-analogue Cag(Al;,0,4)[(M004)(WOQOy,)]
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Origin: Synthetic.

Description: Synthesized in a solid-state reaction from the stoichiometric mixture of y-Al,03, CaCOs3,
and MoOs. The sample was provided by Prof. W. Depmeier. Cubic or pseudocubic. MoO4>~ is
extra-framework anion. The composition is confirmed by electron microprobe analyses.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Absorption.

Wavenumbers (cm™"): 1080, 1008, 981, 885s, 868s, 8465, 833s, 679, 667, 641, 635sh, 606, 568w,
491w, 470w, 404s.

Note: The spectrum was obtained by N.V. Chukanov.

0501 Lesukite Cu-bearing variety (Al,Cu),(OH)s_,Cl-nH,O (n =~ 2)
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Origin: Cerro Mejillones, Mejillones Peninsula, Mejillones, Antofagasta, II Region, Chile.

Description: Lemon-yellow powdery aggregate consisting of microscopic cubic crystals from the
association with gypsum, atacamite, and goethite. Investigated by I.V. Pekov. Characterized by
powder X-ray diffraction data. The empirical formula is (electron microprobe): (Al gsCuq 15)
(OH)4.85Cl; 0onH,O.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Absorption.

Wavenumbers (cm_l): 3445sh, 3418s, 3310s, 2271w, 1933w, 1670sh, 1602, 1170sh, 1148, 1111,
1030sh, 986, 720sh, 700sh, 647s, 598s, 546, 535sh, 440w, 395w.

Note: The spectrum was obtained by N.V. Chukanov.
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0502 Deltalumite 5-Al,O3
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Origin: Western lava flow of the 2012-2013 Tolbachik Fissure Eruption, Tolbachik volcano,
Kamchatka Peninsula, Far-Eastern Region, Russia (type locality).
Description: Pale beige spherical clusters from the association with corundum and moissanite.
Holotype sample. Tetragonal, space group P-4m2, a = 5.608(1), ¢ = 23.513(7) A, V = 739.4
(4) A%, Z = 16. Doy = 3.663 g/lem®. Optically uniaxial (=), @ = 1.654(2), ¢ = 1.653(2). The
empirical formula is (electron microprobe): Al, 0O3. The strongest lines of the powder X-ray
diffraction pattern [d, A (I, %) (hkI)] are: 2.728 (61) (202), 2.424 (51) (212), 2.408 (49) (213), 2.281
(42) (206), 1.993 (81) (1.0.11, 220, 221), 1.954 (48) (0.0.12), 1.396 (100) (327, 3.0.11, 400, 401,

2.1.14,2.2.12).

Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Absorption.
Wavenumbers (cm_l): 1157w, 1100w, 1063w, 1024w, 865sh, 820s, 755s, 703s, 628, 571s, 391.
Note: The spectrum was obtained by N.V. Chukanov.

0503 Magnesiohogbomite-2N3S (Mg,Fe,Zn,Ti),(Al,Fe);00;9(OH)
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Origin: Sadok Lake, Chelyabinsk region, South Urals.

Description: Dark brown platy grains from clinopyroxenite. Characterized by powder X-ray
diffraction data and Mossbauer spectroscopy. Hexagonal, a = 5.715(5), ¢ = 23.931(2) A,
V = 67701(4) A3. The empirical formula is (Mg5‘4_5A7FC3+1_4_1.7F62+0_8_0.9)(A11840_18_6T11‘0_1_1
Fe’*)4_0.9Cro0.1)033(0H),.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Korinevsky et al. (2016).

Wavenumbers (cm_l): 3355, 675s, 630s, 536s, 511sh, 440.

0504 Woodallite MgCr,(OH),¢Cl,4H,0

/ /
: (17 T[]
2117 Ny
L /
z I
Iy

Wavenumber (cm_')

Origin: Kyzyl-Uyuk stream, Terektin ridge, Altai Mts., Siberia, Russia.

Description: Lilac crust on serpentine. Investigated by I.V. Pekov. The empirical formula is (electron
microprobe): (Mgs g0F€o.10)(Cro.04F€0.89Alp.17)Cl1.92(504)0.02(CO3),(OH)16-4H20 (x < 1). The
sample contains zones with Fe:Cr ~ 1:1 in atomic units.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Absorption.

Wavenumbers (cm™"): 3640sh, 3520s, 3370sh, 1635, 1390w, 1076w, 940sh, 600s, 392s.

Note: The spectrum was obtained by N.V. Chukanov.
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0505 Gallium(III) oxide a-Ga,O3
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Origin: Synthetic.

Description: Prepared by the precipitation from GaCl; aqueous solution, by adding aqueous solution
of tetramethyl ammonium hydroxide up to pH 7.82. After 2 h of aging at room temperature the
precipitate was dried and heated at 500 °C for 4 h in air. Confirmed by powder X-ray diffraction
data. Trigonal, space group R-3c, a = 4.982, ¢ = 13.433 A.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Risti¢ et al. (2005).

Wavenumbers (cm_l): 680sh, 577, 520s, 418, 360s.

0506 Gallium(III) oxyhydroxide a-GaOOH
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Origin: Synthetic.

Description: Prepared by the precipitation from GaCl; aqueous solution, by adding aqueous solution
of tetramethyl ammonium hydroxide up to pH 7.82. Confirmed by powder X-ray diffraction data.
Isostructural with goethite. Orthorhombic, space group Pbnm, a = 4.58, b = 9.80, ¢ = 2.97 A.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Risti¢ et al. (2005).

Wavenumbers (cm™"): 3403, 3243s, 2990, 2000, 1950, 1642w, 1221w, 1015s, 958s, 688, 640, 500s,
388s, 295.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum.

0507 Aluminium niobate AINbO,
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Origin: Synthetic.

Description: Prepared by firing intimate mixture of AI(OH)3 and Nb,Os in air at 1350 °C. Monoclinic.
Characterized by powder X-ray diffraction data.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Blasse and ‘T Lam (1978).

Wavenumbers (IR, cm_l): 965, 840, 710, 620sh, 570.

Note: In the cited paper, Raman spectrum is given.

Wavenumbers (Raman, cm_l): 940sh, 800, 730, 690, 600, 400.
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0508 Barium cerium tantalite Ba,CeTaOg
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Description: Obtained in the solid-state reaction between BaCOj;, Ce,(COj3)3, and Tay,Os. The
reactant mixture taken in stoichiometric ratio was calcined at 1350 °C for 15 h. The calcined
sample was palletized into a disk with polyvinyl alcohol as binder and sintered at 1370 °C for 5 h.
Characterized by powder X-ray diffraction data. Monoclinic, a = 9.78, b = 9.02, ¢ = 4.27 A,

B =93.8°.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.

Transmission.
Source: Bharti and Sinha (2011).

Wavenumbers (cm_l): 645, 573sh, 512s, 404.
Note: The wavenumbers were determined by us based on spectral curve analysis of the published
spectrum. The bands at 1747, 1415, 1058, 857, 796(sh), and 691 cm ! correspond to the admixture
of a carbonate. In the cited paper, the absorptions in the ranges 1700-1800 and 1400—1500 cm '
have been erroneously assigned to the presence of adsorbed moisture in KBr and symmetric
stretching vibrations of TaOg octahedra, respectively.
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0509 Barium cobalt antimonate Ba;CoSb,0q
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Origin: Synthetic.

Description: A compound with ordered hexagonal perovskite-type structure.

Kind of sample preparation and/or method of registration of the spectrum: KBr and polyethylene
discs. Transmission.

Source: Liegeois-Duyckaerts (1985).

Wavenumbers (cm™'): 723, 678s, 551, 493, 408s, 361, 298, 222, 139, 112.

0510 Barium cobaltate Ba,CoO,4
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Origin: Synthetic.

Description: Synthesized from the mixture of barium and cobalt carbonates at 950 °C. Confirmed by
chemical analyses and powder X-ray diffraction data.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Baran (1973).

Wavenumbers (cm_]): 670s, 645s, 620s, 340, 305, 299.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum.

0511 Barium nickel oxide BaNiO, BaNiO,
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Origin: Synthetic.

Description: Prepared by the conventional sintering process from NiO and BaCOj3. Characterized by
Mossbauer spectrum and powder X-ray diffraction data. Orthorhombic, a = 5.737, b = 9.190,
¢ =4.760 A.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Gottschall et al. (1998).

Wavenumbers (cm_l): 570, 560sh, 487s, 444s.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum.



2.5 Oxides and Hydroxides

0512 Barium nickel oxide BaNiO3; BaNiO;
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Origin: Synthetic.
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Description: Prepared by the conventional sintering process from NiO and BaCO3. Characterized by
Mossbauer spectrum and powder X-ray diffraction data. Hexagonal, a = 5.635, ¢ = 4.8041 A.

Hypothetically, Ni is trivalent and the formula is Ba>*Ni**O*~,(0")".

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.

Transmission.
Source: Gottschall et al. (1998).
Wavenumbers (cm™Y): 611sh, 595, 490s, 406.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the

published spectrum.

0513 Barium niobate BaNb,Ogq
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Origin: Synthetic.

Description: Prepared by heating stoichiometric mixture of Nb,O5 and BaCOj; pressed in a pellet at
1200 °C for 60 h. Orthorhombic, space group Pbmm, Z = 2.

Kind of sample preparation and/or method of registration of the spectrum: Transmission.

Source: Repelin et al. (1979).

Wavenumbers (IR, ecm™"): 830w, 760, 700sh, 635s, 560s, 470sh, 450, 410w, 375sh, 355, 310s,
295sh, 238, 170, 151, 87.

Note: In the cited paper, Raman spectrum is given.

Wavenumbers (Raman, cm_l): 847, 712s, 633, 557s, 496, 379, 366, 306, 280, 230, 200, 190,
141, 120, 112, 100.

0514 Barium titanate Ba,TiO,
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Origin: Synthetic.

Description: Obtained by heating a mixture of TiO, and BaCO; at 1200-1300 °C for 1-3 days.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Wijzen et al. (1994).

Wavenumbers (cm_l): 774, 753, 719s, 695s, 370, 340, 319w.
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0515 p-Gallium(IIl)-oxide S-Ga,O;
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Origin: Synthetic.

Description: Monoclinic, space group C2/m, a = 12.21, b = 3.037, ¢ = 5.798 10\, f = 103.838°.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Risti¢ et al. (2005).

Wavenumbers (cm_l): 680, 644, 482s, 374, 325, 289.

0516 Bismuth(III) aluminate Bi,Al;O9 Bi,Al,Oq
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Origin: Synthetic.

Description: Synthesized from a stoichiometric mixture of Bi(NOs3);-5H,O and Al(NOj3);-9H,0
together with 10 wt.% of glycerine. The mixture was heated first at 353 K, then at 473 K for 2 h,
and finally (after homogenization the powder) at 1210 K for 48 h. Structurally related to mullite.

Kind of sample preparation and/or method of registration of the spectrum: KBr and polyethylene
discs. Absorption.

Source: Murshed et al. (2015).

Wavenumbers (IR, cm_l): (943sh), 920, 846sh, 772sh, 728s, 691sh, 649, 601sh, 572s, 536sh, 522s,
497s, 470sh, 421w, 399, 378sh, 373, 353, 297w, 289sh, 286w, 251w, 204w, 185, 172, 166, 159,
97w.

Note: In the cited paper, Raman spectrum is given.

Wavenumbers (Raman, cm_l): 840, 763, 691, 633, 615, 571, 509, 491, 478, 441, 406, 385,
373, 345, 322, 312, 281, 274s, 251, 184, 138, 120s, 103.

0517 Bismuth(III) aluminoferrite Bi,Fe;AlOQy Bi,Fe;AlOg
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Origin: Synthetic.

Description: Produced by thermal decomposition of a mixture of corresponding metal nitrates using a
glycerine method. Structurally related to mullite.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Absorption.

Source: Voll et al. (2006).

Wavenumbers (cm_l): 1144w, 1100sh, 887w, 852, 819, 650sh, 624s, 512sh, 464s, 448sh.

Note: The wavenumbers were determined by us based on spectral curve analysis of the published
spectrum.
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0518 Bismuth(IIl) stannate pyrochlore-type Bi,Sn,0,
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Description: Obtained by sintering at 1173 K of pelletized precipitate formed after adding ammonia
solution to the 0.01 M solution containing bismuth chloride and stannous oxy chloride in stoichio-

metric ratio. Tetragonal, a = 21.328, ¢ = 21.4 A.

Kind of sample preparation and/or method of registration of the spectrum: Transmission. Kind of
sample preparation is not indicated.

Source: Ravi et al. (1999).

Wavenumbers (cm_l): 731s, 694s, 686sh, 636sh, 627sh, 588sh, 576sh, 563, 556sh, 496sh, 487, 480,

469sh.

Note: The wavenumbers were determined by us based on spectral curve analysis of the published

spectrum.

0519 Bismuth(III) tantalate Bi;Taz0;3 Bi;Ta3z03
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Origin: Synthetic.

Description: Obtained from Bi,O3 and Ta,05 by solid-state method at 950 °C for 18 h. Monoclinic,
space group C2/m, a = 34.060(3), b = 7.618 (9), ¢ = 6.647(6) A, = 109.210 (7)°, Z = 4.

Kind of sample preparation and/or method of registration of the spectrum: Transmission. Kind of
sample preparation is not indicated.

Source: Chon et al. (2014).

Wavenumbers (cm_]): 874, 687sh, 590s, 502s, 308w.

0520 Bismuth(III) titanate BisTi;O, Bi;Ti;0;,
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Origin: Synthetic.

Description: Prepared hydrothermally. Structurally related to perovskite. The strongest lines of the
powder X-ray diffraction pattern are observed at 3.81, 2.95, 2.72, 2.26, 1.92, and 1.61 A.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Chen and Jiao (2001).

Wavenumbers (cm_l): 822, 680sh, 582s, 447sh, 374s.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum.



2.5 Oxides and Hydroxides 135

0521 Bismuth ferrite BiFeO;
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Origin: Synthetic.

Description: Obtained by two-stage solid phase synthesis from Bi,03 and Fe,O3, first at 923 K for 1 h
and thereafter (after re-grounding and pressing) at 1123 K for 2 h. The compound has
rhombohedrally distorted perovskite structure, space group R3c.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Bujakiewicz-Koroniska et al. (2011).

Wavenumbers (cm_l): 832sh, 814w, 543s, 440s.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum. In the cited paper, also FIR spectrum for a sample suspended in Apiezon N
grease is given.

0522 Calcium indium oxide Ca,InO, Ca,InO,
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Origin: Synthetic.

Description: Prepared from indium and calcium nitrates, in solid-state reaction at 1173 K for 2 h.
Characterized by powder X-ray diffraction data. Orthorhombic, space group Pca2, or Pbcm, Z = 4
(see JCPDS 017-0643).

Kind of sample preparation and/or method of registration of the spectrum: Transmission. Kind of
sample preparation is not indicated.

Source: Zheng et al. (2012).

Wavenumbers (IR, cm_l): 1639w, 1412w, 1378w, 872w, 639, 602, 556sh, 485sh, 470s, 417sh.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum. The weak bands at 1639, 1412+872, and 1378 cm ' may correspond to
H,0, CO5%~, and NO;~ impurities, respectively. In the cited paper, Raman spectrum is given.

Wavenumbers (Raman, cm_l): 648w, 543s, 495, 455, 403, 370w, 336, 284w, 258, 199, 113s.

0523 Cadmium stannate CdSnO;
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Origin: Synthetic.

Description: Obtained by thermal decomposition of CdSn(OH)s at 540 °C during 15 min.
Characterized by powder X-ray diffraction data. Isostructural with ilmenite.

Kind of sample preparation and/or method of registration of the spectrum: Cslr disc.
Transmission.

Source: Botto and Baran (1980).

Wavenumbers (cm_l): 605, 565sh, 521s, 472s, 400sh, 348w, 315.

Note: The sample contains minor admixture of a spinel-type stannate.
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0524 Cesium uranyl niobate Cs,(UQO,),(Nb,Og) Cs,(UO,),(Nb,Og), or CsSUNbOg
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Origin: Synthetic.

Description: Carnotite-type niobate with UNbOg layers.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Saad et al. (2008).

Wavenumbers (cm_l): 910, 881, 865, 809w, 776sh, 735, 646, 617sh, 572s, 497, 439s.

0525 Cesium uranyl niobate CSg[(U02)804(Nb05)(Nb208)2] CSg[(U02)804(Nb05)(Nb208)z]
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Origin: Synthetic.

Description: Prepared from CsNOj, U3Og, and Nb,Os by solid-state reaction at 1000 °C in air.
Monoclinic, space group P2,/c, a = 16.729(2), b = 14.933(2), ¢ = 20.155(2) A, p=110.59(1)°,
V =4713.5(1) A%, Z = 4. Dipeas = 5.94(2) g/lem?, Doy = 5.95(3) g/em?®. The crystal structure is
based on the uranyl niobate layer containing UO; pentagonal bipyramids and NbOs square
pyramids.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Saad et al. (2008).

Wavenumbers (cm_l): 905, 884, 866, 833sh, 809w, 778w, 733, 668sh, 644, 615, 570s, 495, 436s.

0526 Calcium antimonite CaSb,0q
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Origin: Synthetic.

Description: Obtained in a solid-state reaction between CaCO5; and Sb,0s. In the crystal structure,
SbOj octahedra are present. Trigonal, space group P-31/m, a = 5.22, ¢ = 5.01 A.

Kind of sample preparation and/or method of registration of the spectrum: CsI disc.
Transmission.

Source: Husson et al. (1984).

Wavenumbers (IR, cm_l): 620sh, 580s, 542s, 335s, 305sh, 220, 202.

Note: In the cited paper, Raman spectrum is given.

Wavenumbers (Raman, cm™'): 678s, 530, 498w, 345, 332, 243s.

Note: The wavenumbers of Sb—O stretching bands (at 580 and 542 cm ') are anomalously low as
compared with most other Sb(V) oxides.
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0527 Calcium copper titanate CaCu3TizO, CaCu;Ti4O,
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Origin: Synthetic.

Description: Nano-sized powder synthesized by a polymerization-based complex method and cal-
cined at 800 °C in air for 8 h. A perovskite-type compound. Characterized by powder X-ray
diffraction data. Cubic, a = 7.398(2) A.

Kind of sample preparation and/or method of registration of the spectrum: Transmission. Kind of
sample preparation is not indicated.

Source: Masingboon et al. (2008).

Wavenumbers (cm_l): 561s, 516, 437.

Note: The sample exhibits a giant dielectric constant (Masingboon et al. 2009)

0528 Calcium niobate columbite-type CaNb,Og¢
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Origin: Synthetic.

Description: White solid prepared from the mixture of Nb,O5 and CaCO5; powders at 1300 °C for
48 h. Characterized by powder X-ray diffraction data.

Kind of sample preparation and/or method of registration of the spectrum: Powder spread on
polyethylene film and on CslI plate. Transmission.

Source: Husson et al. (1977a).

Wavenumbers (IR, em™"): 895, 870, 855, 745s, 653, 590s, 492s, 456, 438, 400, 390, 364, 337,
311sh, 290, 275sh, 262, 237, 232, 219sh, 207w, 194w, 180w, 165w, 155w, 145w.

Note: In the cited paper, Raman spectrum is given.

Wavenumbers (Raman, cm_l): 904s, 849, 664, 627, 600, 540s, 495, 487, 462, 430, 385s, 379, 369,
344, 340, 314, 293s, 286, 264, 259, 239s, 223, 213w, 194s, 186, 162, 136s, 127, 108, 84, 63.

0529 Calcium plumbate Ca,PbO,
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Origin: Synthetic.

Description: Obtained by standard solid-state reaction, starting with stoichiometric mixture of PbO,/
CaCOg3;, heated between 850 and 900 °C, in the presence of a continuous air stream. Orthorhombic,
space group Pbam, Z = 2.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Diez et al. (1995).

Wavenumbers (cm_l): 540, 499, 420s, 387s, 351sh, 326w, 294.
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0530 Chromium uranium oxide Cr,UO¢ Cr,UOg¢
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Origin: Synthetic.

Description: Synthesized hydrothermally from Cr(NO3);-9H,O and y-UO; at 325-425 °C.
Characterized by powder X-ray diffraction data.

Hexagonal, a = 4.988(1), ¢ = 4.620(1) A. Dy = 7.31 g/cm3.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc and Nujol
mull. Absorption.

Source: Hoekstra and Siegel (1971).

Wavenumbers (cm_l): 670sh, 570s, 487s, 455sh, 326, 234, 205w.

0531 Cobalt zinc tellurium oxide Co3Zn,TeOg
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Origin: Synthetic.
Description: Spinel-type compound obtained in the solid-state reaction between TeO,, CoCOs3, and
ZnCO; at 1050 °C.
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Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Baran and Botto (1980).

Wavenumbers (cm™"): 678, 630s, 512s, 460, 438, 406s, 360w.

0532 Copper(Il) hydroxide Cu(OH),
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Locality: Synthetic.

Description: Characterized by powder X-ray diffraction data. Orthorhombic, space group Cmcm,
a = 2.936(5), b = 10.54(1), ¢ = 5.238(8) A.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Schonenberger et al. (1971).

Wavenumbers (cm_l): 3574s, 3304s, 940, 695s, 640, 517, 485, 420.

0533 Cobalt ferrite spinel-type CoFe,O4
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Origin: Synthetic.

Description: Prepared using a conventional ceramic technique. The powder X-ray diffraction showed
a single phase and a spinel structure.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Srinivasan et al. (1984).

Wavenumbers (cm_]): 650, 570, 390, 340.

0534 Indium oxide In,03
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Origin: Synthetic.

Description: Commercial reactant.

Kind of sample preparation and/or method of registration of the spectrum: Diffuse reflection of a
powdery sample pressed into pellet with KBr. The absorption spectrum was calculated from
reflection spectrum by using the Kubelka-Munk function.

Source: Jiang et al. (2011).

Wavenumbers (cm_l): 602, 566, 538, 471s, 441sh.

Note: The wavenumbers were determined by us based on spectral curve analysis of the published
spectrum.
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0535 Lanthanum aluminum oxide LaAlO;
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Origin: Synthetic.

Description: Cubic, with the perovskite-type structure (see JCPDS 85-848). Characterized by powder
X-ray diffraction data.

Kind of sample preparation and/or method of registration of the spectrum: Transmission. Kind of
sample preparation is not indicated.

Source: Zhou et al. (2004).

Wavenumbers (cm™Y): 656, 440s.

0536 Lanthanum iron(III) oxide LaFeO;
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Origin: Synthetic.

Description: Prepared from stoichiometric mixture of La,O3 and Fe,O; in the presence of excess of
the euthectic mixture of NaCl and KCl at 900 °C for 6 h. Characterized by powder X-ray diffraction
data. Orthorhombic, space group Pnma, a = 5.5676(2), b = 7.8608(3), ¢ = 5.5596(2) A.

Kind of sample preparation and/or method of registration of the spectrum: Attenuated total
reflection of a powdered sample.

Source: Romero et al. (2014).

Wavenumbers (IR, cm_l): 581sh, 531s, 508sh, 475w, 461sh, 455w, 434w, 424w, 416w.

Note: In the cited paper, Raman spectrum is given. The Raman bands at 1310 and 1143 cm™' have
been assigned to second-order excitations.

Wavenumbers (Raman, cm_l): 1310s, 1143, 650s, 500, 486, 433s, 431, 411, 288, 264, 173, 151,
101.

0537 Lead(II) stannate Pb,SnO, Pb,SnO,
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Origin: Synthetic.

Description: Prepared from the stoichiometric mixture of PbO and SnO, at 700 °C for 25 h in air.
Tetragonal, a = 8.74, ¢ =6.30 A (see JCPDS No. 24-0589).

Kind of sample preparation and/or method of registration of the spectrum: Csl disc.
Transmission.

Source: Vigouroux et al. (1982).

Wavenumbers (IR, cm_l): 573, 495s, 451, 421, 364, 320w.

Note: In the cited paper, Raman spectrum is given.

Wavenumbers (Raman, cm_l): 613w, 540, 457s, 379, 292s, 275, 196, 129s, 80, 35.
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0538 Lead tin oxide Pb**,Pb**Sn**0g Pb>*,Pb**Sn**Og
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Origin: Synthetic.

Description: Prepared from a mixture of SnPb,0, and Pb;0, powders at 580 °C for several months.
The crystal structure is solved. Tetragonal, space group P4,/m, a = 8.77, ¢ = 6.43 A.

Kind of sample preparation and/or method of registration of the spectrum: CsI disc. Absorption.

Source: Vigouroux et al. (1982).

Wavenumbers (IR, cm_l): 545, 465s, 415, 345, 300w.

Note: In the cited paper, Raman spectrum is given.

Wavenumbers (Raman, cm™1): 550s, 260, 195, 152w, 125s.

0539 Lithium aluminate LiAlsOg LiAlsOg
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Origin: Synthetic.

Description: Prepared by sintering a mixture of Li,CO; and Al,O5 at 1300 °C. A compound with
ordered spinel-type structure. Characterized by powder X-ray diffraction data.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Brabers (1976).

Wavenumbers (cm ™ "): 680s, 646s, 611s, 558s, 531s, 486s, 442s, 417w, 396, 385, 357w, 334.

Note: The wavenumbers were determined by us based on spectral curve analysis of the published
spectrum.

0540 Lithium aluminate LiAlO,-beta f-LiAlO,

A [

A /

sl /200 /

A IAVAIRN I /

= \/ \ /
\\/

Wavenumber (cm'])

Origin: Synthetic.

Description: Prepared from lithium ethoxide and aluminu methoxide with subsequent hydrolysis and
heating to 600 °C. Characterized by powder X-ray diffraction data. Monoclinic.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Hirano et al. (1987).

Wavenumbers (cm_l): 820sh, 787s, 655, 614w, 575sh, 518, 462, 415w.

Note: The wavenumbers were determined by us based on spectral curve analysis of the published
spectrum.
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0541 Lithium aluminate LiAlO,-gamma y-LiAIO,
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Origin: Synthetic.

Description: Prepared from lithium ethoxide and aluminum ethoxide with subsequent hydrolysis and
heating to 1000 °C. Characterized by powder X-ray diffraction data. Tetragonal.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Transmission.

Source: Hirano et al. (1987).

Wavenumbers (cm_l): 834sh, 800s, 787sh, 745sh, 655, 550s, 520, 482, 450.

Note: The wavenumbers were determined by us based on spectral curve analysis of the published
spectrum.

0542 Lithium aluminium oxide-alpha «a-LiAlO,
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Origin: Synthetic.
Description: The polymorph with trigonally distorted NaCl-type structure synthesized in a solid-state
reaction from Al oxide and Li carbonate.
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Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Moore and White (1970).

Wavenumbers (cm™"): 590s, 500s, 365sh, 290, 277, 253, 233w, 187w

0543 Lithium aluminium oxide-gamma y-LiAlO,
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Origin: Synthetic.

Description: Synthesized in a solid-state reaction from Al oxide and Li carbonate. The structure
consists of corner-linked tetrahedra in which both Li and Al are four-coordinated. The space group
is P4,2\2,Z =4.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Transmission.

Source: Moore and White (1970).

Wavenumbers (cm_l): 850sh, 807, 649, 540, 516, 473w, 442, 361, 322, 282s, 192w.

0544 Lithium cobalt(III) iron(IIl) oxide delafossite-type LiCog sFeys0,
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Origin: Synthetic.

Description: Prepared by heating up to 600 °C a gel obtained from the stoichiometric mixture of Li,
Co, and Fe nitrates and aqueous solution of maleic acid. Characterized by powder X-ray diffraction
data. Trigonal, space group R3m.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Absorption.

Source: Khosravi et al. (2013).

Wavenumbers (cm_]): 590s, 532s, 450, 240w.

0545 Lithium ferrite LiFe*>*s0g LiFe**sOg

N

\
\

W

Transmittance
-

\V
O 7 T T
200 300 400 500 600 700

Wavenumber (cm'l)

Origin: Synthetic.

Description: Prepared by sintering a mixture of Li,CO5; and Fe,O5 at 1300 °C. A compound with
ordered spinel-type structure. Characterized by powder X-ray diffraction data.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Brabers (1976).

Wavenumbers (cm_l): 672w, 590s, 550s, 471, 442, 400, 376, 365sh, 336, 315sh.

Note: The wavenumbers were determined by us based on spectral curve analysis of the published
spectrum.
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0546 Lithium iron(III) oxide y-LiFeO,
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Origin: Synthetic.

Description: Synthesized in a solid-state reaction from Al oxide and Li carbonate. The structure
consists of corner-linked tetrahedra in which both Li and Al are four-coordinated. The space group
is P4,2,2, Z=4.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Moore and White (1970).

Wavenumbers (cm~"): 550sh, 490s, 450s, 400sh, 355s, 330sh, 290s, 250.

0547 Lithium magnesium manganese(IV) oxide spinel-type Li,MgMn;0g
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Origin: Synthetic.

Description: Prepared by solid-state reaction using Li;COjz;, MnO,, and MgO. Characterized by
powder X-ray diffraction data. Cubic, space group Fd3m, a = 8.2794(2) A.

Kind of sample preparation and/or method of registration of the spectrum: TIBr disc. Absorption.

Source: Strobel et al. (2003).

Wavenumbers (cm_l): 633s, 489s.

Note: The wavenumbers were determined by us based on spectral curve analysis of the published
spectrum.

0548 Lithium manganese oxide spinel-type LiMn**Mn**0,
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Origin: Synthetic.

Description: Prepared by solid-state reaction. Cubic, space group Fd3m, a = 8.1967 A. A normal
spinel containing Li at tetrahedral site and Mn at octahedral site.

Kind of sample preparation and/or method of registration of the spectrum: TIBr disc. Absorption.

Source: Strobel et al. (2003).

Wavenumbers (IR, cm_l): 610, 500s, 435sh.

Note: For the vibrational spectra of LiMn® +Mn4+04 see also Helan and Berchmans (2011) and Julien
et al. (1998). In the cited paper, Raman spectrum is given.

Wavenumbers (Raman, cm_l): 627s, 588s, 486, 421, 368w.
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0549 Lithium niobateilmenite-type LiNbO;
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Origin: Synthetic.

Description: Obtained by hydrothermal synthesis. Metastable modification isostructural with ilmenite.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Baran et al. (1986).

Wavenumbers (IR, cm_l): 783, 630sh, 595s, 500sh, 398, 318s, 245s.

Note: In the cited paper, Raman spectrum is given.

Wavenumbers (Raman, cm_l): 735s, 677w, 470, 381w, 291, 275, 214, 173w.

0550 Lithium zinc niobium oxide spinel-type LiZnNbO,
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Origin: Synthetic.

Description: Synthesized in the solid-state reaction between Li,CO3, ZnO, and Nb,Os5 at 1000 °C for
10 h. Tetragonal, space group P4,22, a = 6.079, ¢ = 8.401 A.

Kind of sample preparation and/or method of registration of the spectrum: Polyethylene disc.
Transmission.

Source: Keramidas et al. (1975).

Wavenumbers (IR, cm™"): 798, 725, 662s, 590s, 572, 488s, 454, 437w, 405, 370s, 308s, 270, 240,
208, 196sh, 171, 158sh, 122w.

Note: In the cited paper, Raman spectrum is given.

Wavenumbers (Raman, cm_l): 868w, 819s, 762w, 718, 684w, 616s, 589s, 582, 496, 460, 435,
366w, 335, 323, 300w, 266, 250s, 237s, 222s, 193, 155, 152, 134s, 120, 94s.

0551 Manganese(II) antimony(IIT) oxide MnSb,0,
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Origin: Synthetic.

Description: Synthesized hydrothermally from the stoichiometric mixture of MnO and Sb,0; in the
presence of 5% HF, at 500 °C. Tetragonal, space group P4,/mbc, a = 8.7145, c = 6.0011 A z=4
Sb has tetrahedral SbO3E coordination where E is a lone pair.

Kind of sample preparation and/or method of registration of the spectrum: KBr and Csl discs.
Transmission.

Source: Chater et al. (1986).

Wavenumbers (IR, cm™"): 680, 647s, 569s, 495s, 385w, 340s, 250sh, 198, 170, 134, 96.5, 79.

Note: In the cited paper, Raman spectrum is given. For the vibrational spectra of MnSb,0, see also
Gavarri et al. (1988).

Wavenumbers (Raman, cm_l): 670s, 620, 547w, 527, 473.5sh, 465, 398.5w, 350, 345sh, 292s,
254.5, 221, 215, 189, 155.5, 124s, 118w, 112w, 105s, 52, 47.
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0552 Nickel manganese(IV) oxide NigMnOg
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Origin: Synthetic.

Description: Prepared by addition an excess of oxalic acid to boiled solution of Ni(Il) and Mn
(IT) acetates in acetic acid (25%) with subsequent drying and calcination at 873 K for 3 h.
Characterized by powder X-ray diffraction data. Cubic, space group Fm3m, a = 8.306(3).

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.

Transmission.
Source: Porta et al. (1991).

Wavenumbers (cm_l): 582sh, 562s, 482, 443s, 406sh, 331.

0553 Potassium diuranate K,U,O,
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Origin: Synthetic.

Description: Prepared by heating stoichiometric mixture of U3Og and K,COj; in air. Characterized by
powder X-ray diffraction data. Orthorhombic, a = 6.95(2), b = 7.97(2), ¢ = 22.16(2) A.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Absorption.

Source: Volkovich et al. (1998).

Wavenumbers (IR, cm™"): 816s, 778sh, 588, 554sh, 497sh, 452s, 401sh, 361sh, 292.

Note: In the cited paper, Raman spectrum is given.

Wavenumbers (Raman, cm_l): T778s, 562w, 491w, 434, 336, 287, 267w, 245w, 150sh, 133, 100w.

0554 Potassium niobate KNbO;
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Origin: Synthetic.

Description: Synthesized hydrothermally from Nb,Os and KOH at 200 °C. Characterized by powder
X-ray diffraction data and electron microprobe analysis. Orthorhombic, a = 5.697, b = 3.971,
c=5721A.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Wang et al. (2007).

Wavenumbers (cm_l): 875, 846, 782sh, 656s, 526s, 477sh, 412s.

Note: The wavenumbers were determined by us based on spectral curve analysis of the published
spectrum.
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0555 Potassium niobate KNb,O;g KNb;O;3
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Origin: Synthetic.

1000

Description: Structurally related to TINb,;O,g (tetragonal, space group P4/mbm, a = 27.50,

c=394 A, 7Z=23).

Kind of sample preparation and/or method of registration of the spectrum: CsI disc.

Transmission.
Source: Bhide et al. (1980).

Wavenumbers (cm_l): 845sh, 725s, 640s, 590s, 480, 435, 360, 270.

0556 Potassium niobate perovskite-type KNbO;
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Origin: Synthetic.

Description: Prepared in a solid-state reaction, by double-ply heating the stoichiometric mixture of
Nb,O5 and KNO; at 1000 °C for 1 h with intermediate grinding. Structurally related to perovskite.
Orthorhombic, space group Bmm2, a = 5.697, b = 3.971, ¢ =5.721 A.

Kind of sample preparation and/or method of registration of the spectrum: KBr or CsI disc and
polyethylene matrix. Transmission.

Source: Rocchiccioli-Deltcheff (1973).

Wavenumbers (cm_l): 750sh, 625s, 550sh, 370, 180.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum.

0557 Potassium niobate tungstate KNbWOgq
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Origin: Synthetic.

Description: Prepared by the solid-state reaction between WO3;, Nb,Os, and KNOj at 973 K. The
crystal structure solved by the Rietveld method is related to that of pyrochlore. Cubic, space group
Fd3m, a = 10.5001(7), V = 1057.67(2) A3, Z = 8. Dey = 4.7529 glem?.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc and Nujol
suspension. Absorption.

Source: Knyazev et al. (2010).

Wavenumbers (IR, cm~'): 935sh, 719s, 618s, 408sh, 385s, 329sh, 255, 212, 142.

Note: In the cited paper, Raman spectrum is given.

Wavenumbers (Raman, cm_l): 934w, 861w, 664s, 576, 473w, 438w, 360w, 246sh, 196s, 152s.
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0558 Potassium tantalite perovskite-type KTaO;
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Origin: Synthetic.

Description: Prepared in a solid-state reaction, by double-ply heating the stoichiometric mixture of
Nb,Os and KNO; at 1230 °C for 4 h with intermediate grinding. Structurally related to perovskite.
Cubic, a = 3.989 A.

Kind of sample preparation and/or method of registration of the spectrum: KBr or Csl disc and
polyethylene matrix. Transmission.

Source: Rocchiccioli-Deltcheff (1973).

Wavenumbers (cm™1): 755sh, 605s, 340.

Note: The wavenumbers were determined by us based on spectral curve analysis of the published
spectrum.

0559 Potassium tantalate tungstate KTaWOq
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Origin: Synthetic.

Description: Prepared by the solid-state reaction between WO3;, Nb,Os, and KNOj at 973 K. The
crystal structure solved by the Rietveld method is related to that of pyrochlore. Cubic, space group
Fd3m, a = 10.4695(1), V = 1147.57(3) A®, Z = 8. D . = 5.8197 glem’.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc and Nujol
suspension. Absorption.

Source: Knyazev et al. (2010).

Wavenumbers (IR, cm_l): (933sh), 719s, 629s, 412s, 382sh, 340, 263sh, 203, 133.

Note: In the cited paper, Raman spectrum is given.

Wavenumbers (Raman, cm_l): 937, 870, 664s, 580sh, 481w, 452w, 359w, 248s, 191s, 145s.

0560 Potassium urinate K,UO,
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Origin: Synthetic.

Description: Prepared by heating stoichiometric mixture of U30g with K,COj3 at 800 °C for several
hours, with several intermediate grindings. Characterized by powder X-ray diffraction data. Tetrag-
onal, a = 4.31(2), c = 13.09(2) A.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Volkovich et al. (1998).

Wavenumbers (IR, cm™"): 833w, 728s, 648sh, 611sh, 571s, 540s, 472sh, 395sh, 327sh, 261sh.

Note: In the cited paper, Raman spectrum is given.

Wavenumbers (Raman, cm_l): 694s, 492, 439, 344w, 293w, 221, 168.
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0561 Sodium diuranate Na,U,O,
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Origin: Synthetic.
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Description: Prepared by heating stoichiometric mixture of U;Og and Na,COj in air. Characterized by

powder X-ray diffraction data. Orthorhombic, a = 6.77(1), b = 7.97(1), ¢ = 18.32(1) A.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Absorption.

Source: Volkovich et al. (1998).

Wavenumbers (IR, em™"): 827s, 793, 767, 634sh, 602sh, 568s, 537sh, 486sh, 449s, 418sh, 347w,

278.
Note: In the cited paper, Raman spectrum is given.

Wavenumbers (Raman, cm_l): 826w, 788s, 779s,752, 599sh, 584, 536w, 420s, 357w, 313s,

274, 233, 202, 146, 117s, 100w.

0562 Sodium stannate Na,SnO,
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Origin: Synthetic.

Kind of sample preparation and/or method of registration of the spectrum: CsI disc.
Transmission.

Source: Kessler et al. (1979).

Wavenumbers (IR, em™"): 680, 650s, 360, 290s, 260, 230.

Note: In the cited paper, Raman spectrum is given.

Wavenumbers (Raman, cm_l): 679, 664s, 638, 612w, 310, 235, 212w, 180, 160, 145, 100.

0563 Sodium tantalite perovskite-type NaTaO;
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Origin: Synthetic.

Description: Prepared in a solid-state reaction, by double-ply heating the stoichiometric mixture of
Ta,O5 and NaNO; at 1200 °C for 6 h and for 12 h with intermediate grinding. Structurally related to
perovskite. Orthorhombic, space group Pc2n, a =~ 5.51-5.52, b =~ 7.75-7.79, ¢ =~ 5.48-5.50 A.

Kind of sample preparation and/or method of registration of the spectrum: KBr or CsI disc and
polyethylene matrix. Transmission.

Source: Rocchiccioli-Deltcheff (1973).

Wavenumbers (cm™"): 750sh, 680s, 590s, 365sh, 340, 310sh, 217sh, 173, 127.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum.
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0564 Sodium uranate Na,UO,

Origin: Synthetic.

Description: Prepared by heating stoichiometric mixture of U3;Og and Na,CO;5 at 800 °C for several
hours, with several intermediate grindings. Characterized by powder X-ray diffraction data. Ortho-
thombic, a = 6.77(1), b = 7.97(1), ¢ = 18.32(1) A.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Volkovich et al. (1998).

Wavenumbers (IR, cm_l): 809w, 774s, 732s, 706w, 518s, 488, 453s, 310, 257s.

Note: The IR data are taken from Volkovich et al. (1998). There are strong discrepancies between these
data and the figure of the IR spectrum of Na,UQ, given in this paper. In the cited paper, Raman
spectrum is given.

Wavenumbers (Raman, cm™"): 736w, 712s, 547w, 506w, 442w, 362w, 329w, 238s, 177w, 140w.

0565 Sodium yttrium titanate NaYTiO4
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Origin: Synthetic.

Description: Tetragonal, structurally related to perovskite. The structure based on double layers of Y>*
ions and double layers of Na* ions perpendicular to the ¢ axis.

Kind of sample preparation and/or method of registration of the spectrum: No data in the cited
paper.

Source: Blasse and van den Heuvel (1974).

Wavenumbers (cm ™ "): 878, 760w, 624s, 594s, 518w, 459, 377s, 288, 259sh.

Note: The wavenumbers were determined by us based on spectral curve analysis of the published
spectrum. The band at 878 cm ™' is ascribed by the authors to stretching vibrations of the Ti—-O bond
directed towards the Na-layers. In the cited paper, a figure of the Raman spectrum is given.
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0566 Strontium aluminum hydroxide Sr3Al,(OH),»

Hydrogarnet Sr3Alz(OH)12 Sr3AlL,(OH);»
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Origin: Synthetic.
Description: Prepared hydrothermally. Characterized by powder X-ray diffraction data. Cubic, struc-

turally related to garnet-group minerals.
Kind of sample preparation and/or method of registration of the spectrum: KBr disc.

Transmission.

Source: Li et al. (1997).
Wavenumbers (cm™'): 3643s, 3430, 1715w, 1624, 1445, 1369, 1095w, 1048w, 1002w,

839, 776, 505s.
Note: The wavenumbers were determined by us based on spectral curve analysis of the published

spectrum.

0567 Strontium cerium antimonate perovskite-type Sr,CeSbOg
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Origin: Synthetic.

Description: A compound with ordered perovskite-type structure prepared by heating a mixture of
SrCO3, Ce,(CO3)3, and Sb,0s, taken in stoichiometric ratio, at 1350 °C for 15 h. Characterized by
powder X-ray diffraction data and energy dispersive X-ray spectrum. Orthorhombic, a = 8.84,
b=0622c=583A

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Bharti, and Sinha (2010).

Wavenumbers (cm_l): 1443w, 670s, 550.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum. The weak band at 1443 cm ™" may correspond to the admixture of a carbonate.

0568 Strontium magnesium niobate Sr;MgNb,Og
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Origin: Synthetic.

Description: A compound with ordered perovskite-type structure prepared by a solid-state reaction
technique. Characterized by powder X-ray diffraction data.

Kind of sample preparation and/or method of registration of the spectrum: Csl disc (?).
Transmission.

Source: Blasse, and Corsmit (1974).

Wavenumbers (IR, cm_l): 660s, 540, 450sh, 395s, 370s, 340s, 315, 285w, 250w, 225w.

Note: In the cited paper, Raman spectrum is given.

Wavenumbers (Raman, cm_l): 830s, 535w, 455, 400, 310w, 240w.



166 2 IR Spectra of Minerals and Related Compounds, and Reference Samples Data

0569 Tellurite rhombohedral polymorph TeO;
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Origin: Synthetic.

Description: Prepared by stepwise heating a mixture of a-TeO, and 1,05 (with the molar ratio 1:2) at
250, 280, and 310 °C (for 2 h at each temperature) and 340 °C for 24 h. Characterized by powder
X-ray diffraction data. Rhombohedral, a = 5.00383, ¢ = 13.22429 A.

Kind of sample preparation and/or method of registration of the spectrum: KBr and polyethylene

discs. Transmission.
Source: Cornette et al. (2011).

Wavenumbers (IR, cm™"): 855sh, 794s, 780sh, 490sh, 439s, 331, 270s, 239.
Note: In the cited paper, Raman spectrum is given.
Wavenumbers (Raman, cm ™ 1): 844, 663w, 487, 333s, 261.

0570 Tellurium(IV) tin oxide TesSnOg Te;SnOg
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Origin: Synthetic.

Description: Prepared by heating a mixture of TeO, and SnO, taken in stoichiometric amounts, at
700-750 °C for 12—-15 h with several intermediate grindings. Cubic, space group a3, Z = 8.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Botto and Baran (1981).

Wavenumbers (cm~"): 788, 743, 708s, 482, 403sh, 375s, 290w.

0571 Tellurium(IV) titanium oxide Te;TiOg Te;TiOg
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Origin: Synthetic.

Description: Prepared by heating a mixture of TeO, and TiO, taken in stoichiometric amounts, at
700-750 °C for 12—-15 h with several intermediate grindings. Cubic, space group a3, Z = 8.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Botto and Baran (1981).

Wavenumbers (cm_l): 758, 665s, 610s, 484, 430sh, 382sh, 358s.
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0572 Tellurium(IV) zirconium oxide TezZrOg Te;ZrOg
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Origin: Synthetic.

Description: Prepared by heating a mixture of TeO, and ZrO, taken in stoichiometric amounts, at
700-750 °C for 12-15 h with several intermediate grindings. Cubic, space group la3, Z = 8.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Transmission.

Source: Botto and Baran (1981).

Wavenumbers (cm~"): 778, 698, 650s, 472w, 410sh, 355, 290.

0573 Tin(IV) hydroxide Sn(OH),

N

/ RN

Transmittance
/

N/

1 1 1
400 800 1200 1600 2000 2400 2800 3200 3600 4000
Wavenumber (cm’)




2.5 Oxides and Hydroxides 169

Origin: Synthetic.

Description: Synthesized by dissolving tin metal in concentrated HCIl followed by addition of
concentrated NH,OH.

Kind of sample preparation and/or method of registration of the spectrum: Transmission. Kind of
sample preparation is not indicated.

Source: Prodjosantoso et al. (2015).

Wavenumbers (cm_]): 3436s, 1625, 1402w, 580s.

0574 Tungsten trioxide monoclinic WO;
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Origin: Synthetic.

Description: Obtained as a result of thermal decomposition of (NH,);oW,04;-nH,0 at 1223 K for
5 h. Characterized by powder X-ray diffraction data. Monoclinic, space group P2/n, a = 7.319,
b =17.556,c=17.722 A, p = 90.48° (see JCPDS card 43-1035).

Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Absorption.

Source: Kustova et al. (2011).

Wavenumbers (cm_l): 943sh, 900sh, 873s, 815s, 777s, 766sh, 730sh, 631sh, 415sh, 390, 377, 362sh,
341, 325, 287, 273w, 228w.
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0575 Tungsten trioxide orthorhombic WO;
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Origin: Synthetic.

Description: Obtained as a result of thermal decomposition of (NH,);oW,04;-nH,0 at 873 K for 6 h.
Characterized by powder X-ray diffraction data. Orthorhombic, space group Pcnb, a = 7.339,
b=17.574, c = 7.742 A (see JCPDS card 20-1324).

Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Absorption.

Source: Kustova et al. (2011).

Wavenumbers (cm_l): 930sh, 867sh, 815s, 768s, 705sh, 644sh, 374, 360sh, 325, 285, 230w.

0576 Tungsten trioxide triclinic WO;
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Origin: Synthetic.

Description: Obtained by mechanical treatment (grinding and pressing) of monoclinic WOs;.
Characterized by powder X-ray diffraction data. Orthorhombic, space group P-1, a = 7.309,
b=7522,c=17671 A, a = 88.8°, f = 90.93°, y = 90.93° (see JCPDS card 32-1395).

Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Absorption.

Source: Kustova et al. (2011).

Wavenumbers (cm~'): 908sh, 866sh, 823s, 765s, 719sh, 627sh, 389sh, 378sh, 358, 325, 309, 299,
282w, 257, 229w.

0577 Vanadium oxide bariandite-type V;¢,0,49H,0
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Origin: Synthetic.

Description: Mixed valence vanadium(IV)/(V) nanostructured oxide with a bariandite-like structure
prepared by sol-gel processing of themolecular vanadium(IV) alkoxide [V,(OPr')g]
(OPr' = isopropoxide).

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Menezes et al. (2009).

Wavenumbers (IR, em™"): 1632, 1396, 1261w, 1158w, 1104w, 1062w, 1001, 758, 669, 544s.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum. In the cited paper, Raman spectrum is given.

Wavenumbers (Raman, cm_l): 1022, 908s, 518s, 429w, 409w, 270s.
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0578 Yttrium iron antimony(V) oxide pyrochlore-type Y,FeSbO,
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Origin: Synthetic.

Description: Prepared by heating a mixture of Y,05, Fe,O5, and Sb,O3, taken in stoichiometric
amounts, at 1150 °C for 4.5 h. Characterized by powder X-ray diffraction data. Cubic,
a=10.223 A. Deye = 5.811 glem?.

Kind of sample preparation and/or method of registration of the spectrum: Transmission. Kind of
sample preparation is not indicated.

Source: Jana et al. (2016).

Wavenumbers (cm_l): 642s, 564w, 535sh, 512sh, 495, 490, 478sh, 465, 455, 447, 432s, 429sh.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum.

0579 Yttrium oxide Y,O;
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Origin: Synthetic.

Description: Commercial reactant. Characterized by powder X-ray diffraction data. Cubic, space
group Ia3.

Kind of sample preparation and/or method of registration of the spectrum: Thin powdery film on
polyethylene sheet. Transmission.

Source: White and Keramidas (1972).

Wavenumbers (IR, cm_l): 562s, 465s, 408s, 346, 311, 243.

Note: In the cited paper, Raman spectrum is given.

Wavenumbers (Raman, cm_l): 603, 576w, 480s, 440, 389s, 337, 325, 236w, 162.

0580 Franklinite ZnFe,O,
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Origin: Synthetic.

Description: Prepared using a conventional ceramic technique. Characterized by powder X-ray
diffraction data.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Srinivasan et al. (1984).

Wavenumbers (cm_l): 660sh, 550s, 415s, 338.
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0581 Zinc stannate ZnSnO;
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Origin: Synthetic.

Description: Prepared in the reaction between solid Li;SnO; and ZnCl, melt. Characterized by
powder X-ray diffraction data and electron probe microanalysis. Isostructural with ilmenite.
Trigonal, space group R-3, a = 5.2835, ¢ = 14.0913 A, Z = 6. The strongest lines of the powder
X-ray diffraction pattern [d, A (I, %) (hk)] are: 3.84 (20) (102), 2.79 (100) (104), 2.64 (88) (110),
1.918 (26) (204), 1.755 (45) (116), 1.553 (32) (214), 1.526 (25) (300).

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Kovacheva and Petrov (1998).

Wavenumbers (cm™Y): 610, 552s, 501.

0583 Bismite a-Bi>O;
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Origin: Synthetic.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Absorption.

Source: Cahen et al. (1980).

Wavenumbers (cm™"): 544w, 509, 460sh, 426, 374, 337, 269sh, 216s.

Note: The wavenumbers were determined by us based on spectral curve analysis of the published
spectrum.

0584 Bismutocolumbite BiNbO,
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Origin: Synthetic.

Description: Prepared by stepwise heating of stoichiometric mixture of Bi,O; and Nb,Os at 700, 800,
and 900 °C for 6 h at each temperature. Characterized by powder X-ray diffraction data.
Orthorhombic.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Rao and Buddhudu (2010).

Wavenumbers (IR, cm™"): 1534w, 952w, 809, 680sh, 620s, 610sh, 538sh.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum. In the cited paper, Raman spectrum is given.

Wavenumbers (Raman, cm_l): 984w, 840s, 746w, 621, 540, 474w, 422, 242s, 196s.
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0585 Bismutotantalite triclinic dimorph BiTaO,
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Origin: Synthetic.
Description: Prepared from a mixture of oxides at 1373 K for 2 days. Characterized by powder X-ray

diffraction data.
Kind of sample preparation and/or method of registration of the spectrum: KBr disc.

Transmission.

Source: Zhang et al. (2009b).

Wavenumbers (cm_l): 874, 661s, 616s, 563sh, 497w, 432.

Note: The wavenumbers were determined by us based on spectral curve analysis of the published
spectrum.

0586 Braunite Mn>*Mn>*cOg(Si0.)
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Origin: Synthetic.

Description: Prepared from MnO,, MnCl,, and SiO, above 615 °C (i.e. above the MnCl, melting
point). Characterized by powder X-ray diffraction data. The crystal structure is solved. Tetragonal,
space group I4,/acd, a = 9.371(2), c = 18.847(8) A, V = 571.6(3) A°>, Z = 8.

Kind of sample preparation and/or method of registration of the spectrum: Nujol mull between
polyethylene plates. Absorption.

Source: Palvadeau et al. (1991).

Wavenumbers (cm_l): 951s, 945sh, 710, 666sh, 619sh, 613s, 551, 519s, 479, 450, 419sh,
378, 373sh, 335sh, 317, 283w, 270w, 255w, 233, 218sh, 192w, 166w, 151w, 134w, 120w,
103w, 91w.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum.

0587 Brizzite polymorph Na,Sb,Oq
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Origin: Synthetic.

Description: Structurally related to pyrochlore.

Source: Vandenborre et al. (1982).

Wavenumbers (cm_l): 725s, 455s, 355, 250, 120w.

Note: A weak band between 500 and 600 cm ™! corresponds to H,O impurity.
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0588 Bromellite BeO
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Origin: Synthetic.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Absorption.
Source: Hofmeister et al. (1987).

Wavenumbers (cm ") (1160sh), (1100sh), 1000, 780s, 751s, 710s, (680sh), (585sh).

0589 Brookite TiO,
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Origin: Synthetic.

Description: Nanocrystals prepared hydrothermally. Characterized by powder X-ray diffraction data.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Yanging et al. (2000).

Wavenumbers (cm™'): 545s, 486, 437sh, 401s, 339s, 284sh, 264sh, 251s, 222sh.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum.

0590 Brucite Co-analogue S-Co(OH),
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Origin: Synthetic.

Description: Nanoplates prepared hydrothermally from CoCl, and NaOH at 120 °C for 3 h.
Characterized by powder X-ray diffraction data.

Kind of sample preparation and/or method of registration of the spectrum: Transmission. Kind of
sample preparation is not indicated.

Source: Zhan (2009).

Wavenumbers (cm_l): 3633s, 1566w, 1394w, 675, 490s.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum. The bands in the range of 600—1600 cm ™' may correspond to impurities.
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0591 Gamma-alumina y-Al,O;
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Origin: Synthetic.

Description: Obtained by calcining commercial boehmite at 550 °C for 5 h. Characterized by powder
X-ray diffraction data. y-Al,O3 has tetragonally deformed defect spinel-type structure.

Kind of sample preparation and/or method of registration of the spectrum: Thin powdery layer
between two KBr windows. Absorption.

Source: Saniger (1995).

Wavenumbers (cm_l): 1403w, 1184w, 1085w, 826s, 764sh, 634s, 506, 393.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum.

0592 Chlormayenite Cal 2A1 14032( O 4C12)
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Origin: Synthetic.

Description: Synthesized by heating of a stoichiometric mixture of CaCOj3, Al,O3, and CaCl, first at
1323 K for 16 h and thereafter at 1473 K for 24 h with intermediate grinding. Characterized by
powder X-ray diffraction data, neutron powder diffraction, and EDX analysis. The crystal structure
is solved. Cubic.

Kind of sample preparation and/or method of registration of the spectrum: Transmission. Kind of
sample preparation is not indicated.

Source: Schmidt et al. (2014).

Wavenumbers (cm_l): 842s, 817s, 812sh, 783s, 614, 598, 571, 458s, 440, 405, 344s, 325sh, 312sh,
304sh, 278, 253sh, 246, 229, 209sh, 203w, 195sh, 171w, 150.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum. In the cited paper, the wavenumber 783 cm ™' is erroneously indicated as
738 cm .

0593 Chrysoberyl BeAl,O,
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Origin: Colatine, Espirito, Santo, Brazil.

Description: The sample contains 3.1 wt% Fe,05, which corresponds to 2.5 mol% BeFe,O,.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc and powder
dispersed in petroleum jelley. Absorption.

Source: Hofmeister et al. (1987).
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Wavenumbers (cm_l): 1161sh, 1090, 1032sh, 1009sh, 967, 904, 774, 751sh, 736sh, 719sh, 673, 663,
642, 606, 584, 570s, 556s, 531s, 510s, 500sh, 490sh, 481sh, 470sh, 439, 415 (for a sample pressed
in a disc with KBr); 531s, 512s, 490sh, 480sh, 473, 440, 420sh, 400sh, 373sh, 367, 359sh,

322, 309w, 289w.
Note: In the cited paper, the wavenumber 531 cm ™" is erroneously indicated as 538 cm ™.

0594 Cochromite Ni-bearing Coq ¢Nig ;Cr,O4
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Origin: Synthetic.

Description: Spinel-type compound obtained by annealing a mixture of Co(NOj),-6H,0, Ni
(NO3),-6H,0, and Cr(NO3);-9H,0 (taken in stoichiometric amounts and preheated at 400 °C) at
1000 °C for 24 h. Characterized by powder X-ray diffraction data. Cubic, a = 8.3323 A.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc and Nujol
mull. Transmission.

Source: Ptak et al. (2014).

Wavenumbers (IR, cm_l): 664sh, 632s, 528s, 378, 198.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum. For the vibration spectra of synthetic cochromite analogue see also Maczka
et al. (2013). In the cited paper, Raman spectrum is given.

Wavenumbers (Raman, cm_l): 683, 601w, 514, 450, 195s.
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0595 Columbite-(IMn) Mn2+Nb206
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Origin: Synthetic.

Description: Prepared using conventional solid-state reaction techniques. Characterized by powder
X-ray diffraction data. Orthorhombic, a = 14.413(17), b = 5.759(5), ¢ = 5.083(7) A.

Kind of sample preparation and/or method of registration of the spectrum: Csl disc (above
340 cm™ ") and polyethylene film (below 340 cm™"). Transmission.

Source: Husson et al. (1977a, b).

Wavenumbers (IR, em™"): 865, 840sh, 822, 707s, 625s, 560s, 488s, 445sh, 368sh, 342s, 315, 302,
280s, 260, 245, 223, 208w, 188, 165, 152w.

Note: In the cited paper, Raman spectrum is given.

Wavenumbers (Raman, cm_l): 877s, 823, 707w, 634w, 624w, 606, 531s, 487, 440w, 399, 386,
361, 315s, 298w, 288, 275, 264w, 245s, 215, 207, 179, 160w, 140s, 127, 113, 89s.

0596 Corundum a-Al,O3
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Origin: Synthetic.

Description: Irregular grains from 1 to 3 pm across.

Kind of sample preparation and/or method of registration of the spectrum: Free particles
dispersed in air. Absorption.

Source: Mutschke et al. (2013).

Wavenumbers (cm_l): 833sh, 670s, 618s, 493, 466, 386w, 354w.

Note: The wavenumbers were determined by us based on spectral curve analysis of the published
spectrum.

0597 Delafossite Al analogue Cu'*AlO,
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Origin: Synthetic.

Description: Synthesized from CuO and AI(NO3)3-9H,0 by a sol-gel method using ethylene glycol as
solvent. Characterized by powder X-ray diffraction data. Trigonal, space group R-3m, a = 2.852,
c=16.830 A.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Absorption.

Source: Benreguia et al. (2015).

Wavenumbers (IR, cm_l): (3460), 1637sh, 1385w, 949w, 772, 554s, 526s.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum. The bands above 1600 cm ™' may correspond to adsorbed water. In the cited
paper, Raman spectrum is given. The band at 1385 cm ™' may correspond to the admixture of
potassium nitrate in KBr.

Wavenumbers (Raman, cm_l): T773s, 417s, 255, 214.
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0598 Fluorcalciomicrolite (Ca,Na,0),Ta,OgF
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Origin: No data.

Description: The empirical formula is (electron microprobe): (Ca;,3Nag745sREE((1S10.01)
(Ta,; 78Nbg08Ti0.08510.06)Os[Fo.57(0OH,0,0)g.43]-

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Geisler et al. (2004).

Wavenumbers (IR, em™"): (1480w), 1105w, 1031, 1010, 912w, 876w, 740sh, 580s, 396s.

Note: Weak bands in the range from 2300 to 2400 cm ™' correspond to atmospheric CO,. The weak
band at 1480 cm ™' may correspond to the admixture of a carbonate. In the cited paper, Raman
spectrum is given.

Wavenumbers (Raman, cm_l): 835, 690s, 504s, 341, 295, 155.

0599 Fluornatropyrochlore (Na,Pb,Ca,REE,U),Nb,O¢F
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Origin: Boziguoer REE deposit, Baicheng County, Akesu, Xinjiang, China (type locality).

Description: A grain from the holotype specimen.

Kind of sample preparation and/or method of registration of the spectrum: Reflection.

Source: Yin et al. (2015).

Wavenumbers (cm™1): 932.

Note: The spectrum is wrong. The main broad band at 932 cm™' may correspond to an anhydrous
metamict silicate [possibly, thorite or chevkinite-(Ce)] that are present in the association with
fluornatropyrochlore.

0601 Gallium hydroxyde hydrate Ga(OH); nH,O Ga(OH);nH,O
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Origin: Synthetic.

Description: Obtained by addition of hot water and tetramethylammonium hydroxide solution to the
solution of gallium(Ill)-isopropoxide dissolved in 2-propanol. X-ray amorphous.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Risti¢ et al. (2005).

Wavenumbers (cm_l): 3443s, 2000w, 1634, 1542w, 1383sh, 1362, 1040sh, 912, 650s, 482s, 345s,
278sh.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum.
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0602 Harmunite cubic polymorph CaFe,O,4
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Origin: Synthetic.

Description: Nanoparticles synthesized from a stoichiometric mixture of calcium chloride and iron
(IIT) nitrate by a sol-gel technique with subsequent annealing. Characterized by powder X-ray
diffraction data.

Kind of sample preparation and/or method of registration of the spectrum: Transmission. Kind of
sample preparation is not indicated.

Source: An et al. (2015).

Wavenumbers (cm_l): 3431, 1625w, 1445, 869w, 690, 624s, 557s, 466sh, 447.

Note: The wavenumbers were determined by us based on spectral curve analysis of the published
spectrum. The bands at 3431 and 1625 cm™"' may correspond to water molecules adsorbed on the
surface of the nanoparticles. The bands at 1445 and 869 cm ™' may correspond to the admixture of a
carbonate. The assignment of the band at 1445 cm ™' given in the cited paper is erroneous.

0603 Hausmannite Mn>*Mn>**,0,
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Origin: Synthetic.

Description: Prepared by heating MnCO; at 1185 °C for 5 h. Characterized by powder X-ray
diffraction data. Tetragonal.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Brabers (1969).

Wavenumbers (cm ™ "): 674sh, 617s, 600sh, 513s, 417, 380sh, 351, 242w

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum.

0604 Hydrokenomicrolite (O,H,O),Ta,(0O,0H)s(H,0)
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Origin: Artificial.

Description: Prepared by treating natural fluorcalciomicrolite at 175 °C in a 1 M HCI-CaCl, solution
for 14 days. The grains are heterogeneous, with fluorcalciomicrolite core and hydrokenomicrolite
outer zones.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Geisler et al. (2004).

Wavenumbers (IR, cm™"): 3440, 3230w, 1630w, 1086, 1061, 676s, 402s.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum. Weak bands in the range from 2300 to 2400 cm ™' correspond to atmospheric
CO,. In the cited paper, Raman spectrum is given.

Wavenumbers (Raman, cm™"): 1115w, 800, 637, 549, 515, 338s, 302, 248sh, 159, 138, 120.
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0605 Ilsemannite Mo;OgnH>0 (?)
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Origin: Synthetic.

Description: Blue amorphous product of ultrasound irradiation of a slurry of molybdenum
hexacarbonyl. Characterized by DSC and TG data.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Absorption.

Source: Dhas and Gedanken (1997).

Wavenumbers (cm™"): 3415, 3180, 1621, 1412, 986, 765s, 712sh, 587, 535sh.

Note: The wavenumbers were determined by us based on spectral curve analysis of the published
spectrum. The assignment of the band at 1412 cm™' made by the authors of the cited paper is
questionable. Weak bands in the range from 2800 to 3000 cm ™' correspond to the admixture of an
organic substance.

0606 Iwakiite-hausmannite intermediate member Mn”>*(Mn**Fe**)0,
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Origin: Synthetic.

Description: Prepared by heating MnCOj3 at 1360 °C for 5 h in air. Characterized by powder X-ray
diffraction data. Tetragonal.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Brabers (1969).

Wavenumbers (cm_]): 660sh, 580s, 439s, 344sh.

Note: The wavenumbers were determined by us based on spectral curve analysis of the published
spectrum.

0607 Kyawthuite Bi**Sb "0,
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Origin: Chaung-gyi-ah-le-ywa, Chaung-gyi valley, 5 km north-northeast of the town of Mogok, Pyin-
Oo-Lwin district, Myanmar (type locality).

Description: Reddish orange faceted waterworn crystal of gem quality from alluvium. Holotype (and
the only known) sample. The crystal structure is solved. Monoclinic, space group I2/c, a = 5.4624
(4), b =4.88519(17), c = 11.8520(8) A, # = 101.195(7)°, V=310.25(3) A>, Z = 4. D s = 8.256
(5) glem®, Deye = 8.127 g/em®. The empirical formula is (Bi**(g3Sb**( 15)(Sb>0.06Ta>.01)O4.
The strongest lines of the powder X-ray diffraction pattern [d, A (I, %) (hkl)] are: 3.266 (100)
(—112), 2.900 (66) (112), 2.678 (24) (200), 2.437 (22) (020, —114), 1.8663 (21) (024), 1.8026
(43) (—116, 220, 204), 1.6264 (23) (—224, 116), 1.5288 (28) (312, —-132).

Kind of sample preparation and/or method of registration of the spectrum: Specular reflection.

Source: Kampf et al. (20161).

Wavenumbers (IR, cm_l): 760sh, 722s, 685s, 641sh, 527sh, 510-430 (broad, with an extremum at
488 cm™ ).

Note: Natural origin of kyawthuite is questionable and is to be confirmed by independent finds. In the
cited paper, Raman spectrum is given.

Wavenumbers (Raman, cm™1): 793, 736, 453s, 396s, 322, 258, 173s.
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0608 Layered perovskite BaBi,Ta,0o BaBi,Ta,09
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Origin: Synthetic.

Description: Prepared by solid-state reaction of BaCOs, Bi,O3, and Ta,05 at 1000 °C for 72 h with
intermediate grindings. Characterized by powder X-ray diffraction data. Tetragonal, space group 14/
mmm, a = 3.954, c = 25.487 A.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Transmission.

Source: Li et al. (2008).

Wavenumbers (cm_l): 809.5, 631s, 512.

0609 Layered perovskite CaBi,Ta,09 CaBi,Ta,O9
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Origin: Synthetic.

Description: Prepared by stepwise heating of a stoichiometric mixture of CaCOs, Bi,03, and Ta,Os,
first at 900 °C for 15 h, thereafter at 1000 °C for 15 h, and finally at 1200 °C for 24 h with
intermediate grindings. Characterized by powder X-ray diffraction data. Orthorhombic, space group
A2iam, a = 5.467, b = 5.427, ¢ = 24.931 A.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Li et al. (2008).

Wavenumbers (cm_l): 782, 622s, 551.

0610 Layered perovskite SrBiTa,09 SrBi,Ta,Oq
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Origin: Synthetic.

Description: Prepared by stepwise heating of a stoichiometric mixture of SrCOj3, Bi,Oj3, and Ta,0Os,
first at 900 °C for 15 h, thereafter at 1000 °C for 15 h, and finally at 1200 °C for 24 h with
intermediate grindings. Characterized by powder X-ray diffraction data. Orthorhombic, space group
A2iam, a = 5.473, b = 5.527, ¢ = 25.031 A.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Li et al. (2008).

Wavenumbers (cm_l): 786, 629s, 558.
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0611 Lueshite NaNbO;
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Origin: Synthetic.

Description: Prepared by heating a stoichiometric mixture of NaNO; and Nb,Os at 1000 °C for 1 h.
Characterized by powder X-ray diffraction data. Orthorhombic, space group Pbma, a = 5.666,
b = 15.520, c = 5.506 A.

Kind of sample preparation and/or method of registration of the spectrum: CsI disc.
Transmission.

Source: Rocchiccioli-Deltcheff (1973).

Wavenumbers (cm~"): 680sh, 625s, 550sh, 375, 335, 290, 260.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum.

0612 Metastudtite UO5-2H,0
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Origin: Synthetic.

Description: Obtained by dehydrating synthetic studtite at 90 °C for 48 h. Characterized by powder
X-ray diffraction and thermoanalytical data. Orthorhombic, space group Pnma, a = 8.4184(4),
b =8.7671(4), c = 6.4943(3) A, Z = 4.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Guo et al. (2014a).

Wavenumbers (IR, cm_l): 3153.

Note: In the cited paper, Raman spectrum is given.

Wavenumbers (Raman, cm_l): 1725, 1652, 869s, 829s. 478w, 356, 280, 190, 156.

Note: The wavenumbers were determined by us based on spectral curve analysis of the published
spectrum.

0613 Minium Pb**,Pb**0,
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Origin: Synthetic.

Description: Commercial reactant. Tetragonal, space group P4,/m.

Kind of sample preparation and/or method of registration of the spectrum: CsI disc.
Transmission.

Source: Vigouroux et al. (1982).

Wavenumbers (IR, cm_l): 526, 512sh, 448s, 379s, 322s, 281.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum. In the cited paper, Raman spectrum is given.

Wavenumbers (Raman, cm_l): 549s, 477, 391s, 313, 232, 152w, 121s, 76, 34w.



2.5 Oxides and Hydroxides 195

0614 Mopungite NaSb(OH)g
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Origin: Synthetic.

Description: Obtained by boiling aqueous solution of NaCl with potassium antimonate.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Absorption.

Source: Siebert (1959).

Wavenumbers (cm_l): 3400, 3280sh, 3220s, 2145, 1635w, 1120sh, 1105s, 1075sh, 1030, 775, 735,
695, 628s, 600sh, 586s, 528.

0615 Nichromite Ni,CrO4
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Origin: Synthetic.

Description: Synthesized by heating a mixture of corresponding nitrates. Characterized by powder
X-ray diffraction data. Cubic. Contains ~25% admixture of tetragonal (pseudocubic), phase, space
group I4,/amd. For the main phase, a = 8.3186(2).

Kind of sample preparation and/or method of registration of the spectrum: A spectrometer fitted
with a photoacoustic detector was used.
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Source: Hosterman et al. (2013).

Wavenumbers (IR, em™"): No quantitative data (only a figure of the IR spectrum is given).
Note: In the cited paper, Raman spectrum is given.

Wavenumbers (Raman, cm_l): 678, 508, 427, 190.

0616 Oxybetafite-(Gd) Gd,Ti,0
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Origin: Synthetic.

Description: Obtained using a solid-state reaction technique. Characterized by powder X-ray diffrac-
tion data. Cubic.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Transmission.

Source: Knop et al. (1969).

Wavenumbers (cm_]): 555s, 460s, 411, 390sh, 295.

0617 Oxybetafite-(Sm) Sm,Ti,O,
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Origin: Synthetic.

Description: Obtained using a solid-state reaction technique. Characterized by powder X-ray diffrac-
tion data. Cubic.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Transmission.

Source: Knop et al. (1969).

Wavenumbers (cm_l): 539, 445s, 390s, 290.

0618 Oxybismuthobetafite Bi,Ti,O,
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Origin: Synthetic.

Description: Obtained using a solid-state reaction technique. Characterized by powder X-ray diffrac-
tion data. The symmetry is not cubic.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Transmission.

Source: Knop et al. (1969).

Wavenumbers (cm_l): 500s, 437s.

0619 Paramelaconite Cu'*,Cu’**,04
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Origin: Synthetic.

Description: Prepared by oxidation of Cu,O or reduction of CuO. Trtragonal, a ~ 5.84, ¢ ~ 9.93 A.

Kind of sample preparation and/or method of registration of the spectrum: Absorption. Kind of
sample preparation is not indicated.

Source: Djurek et al. (2015).

Wavenumbers (cm_l): 590sh, 538s, 512sh, 450, 322w.

0620 Pyrophanite MnTiO;
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Origin: Synthetic.

Description: Prepared using solid-state reaction techniques. Characterized by powder X-ray
diffraction data.

Kind of sample preparation and/or method of registration of the spectrum: CsI disc. Transmission.

Source: Baran and Botto (1978).

Wavenumbers (cm_l): 690, 600sh, 547s, 440s, 405, 333, 270, 215w.

0621 Rutile TiO,
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Origin: Unknown.

Description: Natural fibrous crystals included in quartz.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Absorption.
Source: Peng et al. (1995).

Wavenumbers (cm_l): 745sh, 610s, 535sh, 395.

0622 Schoenfliesite MgSn(OH)g
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Origin: Pitkdranta, Karelia, Russia.

Description: Fibrous affregate from the association with serpentine, chlorite, chondrodite, diopside,
luorite, calcite, dolomite, magnetite, and cassiterite. Cubic, a = 7.77(1). Dyeas = 3.32 g/cm3,
D, = 3.49 g/cm3. The empirical formula is (Mgg 94Mng 13)Sng 97(OH)g 0. The strongest lines of
the powder X-ray diffraction pattern [d, A (I, %) (hkl)] are: 4.495 (60) (111), 3.898 (100) (200),
2.758 (60) (220), 2.349 (40) (311), 1.741 (50) (420).

Kind of sample preparation and/or method of registration of the spectrum: Nujol mull.
Transmission.

Source: Nefedov et al. (1977).

Wavenumbers (cm_l): 3230sh, 3160s, 2260w, 1165s, 1089, 1025sh, 960sh, 835, 760s, 647sh.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum.
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0623 Sodium titanate Na,Tiz;O; Na,Tiz0,

Origin: Synthetic.
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Description: Prepared by using a stoichiometric molar ratio of Na,CO5 and TiO, (rutile) at 1250 °C
for 4 h. Characterized by powder X-ray diffraction data. Monoclinic. The crystal structure contains
distorted TiO5 pyramid.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Absorption.

Source: Peng et al. (1995).

Wavenumbers (cm_l): 918, 881, 730sh, 684s, 593sh, 550s, 493s, 475s, 425, 380w.

0624 Lepidocrocite Fe>*O(OH)
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Origin: Hilarion mine, Agios Konstantinos, Lavrion mining District, Attik{ (Attika, Attica) Prefecture,

Greece.

Description: Yellowish-brown columnar aggregate from the association with goethote and hematite.
Pseudomorph after rail. The sample was kindly granted by L.V. Pekov. Confirmed by the IR
spectrum.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Absorption.

Wavenumbers (cm™"): (3500sh), 3105s, 2880sh, 1976w, 1894w, 1155, 1020s, 892, 788, 748, 570sh,
528s, 483s.

Note: The spectrum was obtained by N.V. Chukanov.

0625 Spertiniite Cu(OH),

/
¢ [
AN Vil
2 [ [ il
-l | |
MO N 1 N A 1 1
200 600 1000 1400 1800 2200 2600 3000 3400 3800

Wavenumber ( cm'l)

Origin: Synthetic.

Description: Acicular crystals. Confirmed by powder X-ray diffraction data and electron microdif-
fraction pattern.

Kind of sample preparation and/or method of registration of the spectrum: Absorption. Kind of
sample preparation is not indicated.

Source: Rodriguez-Clemente et al. (1994).

Wavenumbers (cm ™ 1): 3560s, 3292s, 1725, 1620w, 1465w, 1380w, 917, 689s, 636, 514, 484, 448,
412s, 284sh.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum. The band at 1620 cm ™' corresponds to adsorbed water. Weak bands in the
range from 2800 to 3000 cm ™' correspond to the admixture of an organic substance.
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0626 Sphaerobismoite /;-Bi,O;
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Origin: Synthetic.

Description: Orange crystals obtained by rapid pouring an aqueous solution of Biy(NOj); into a
boiling solution of NaOH, followed by immediate filtration of the precipitate. Characterized by
powder X-ray diffraction data. Tetragonal, a = 7.72, ¢ = 5.63 A.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Cahen et al. (1980).

Wavenumbers (cm™"): 639, 580, 527, 489sh, 347, 222s, 211s.

Note: The wavenumbers were determined by us based on spectral curve analysis of the published
spectrum.

0627 Tantite Ta,Os
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Origin: Synthetic.

Description: A crystalline film deposited on Si substrate by using CVD at 430 °C and annealed at
800 °C for 10 min. Surface SiO, was removed by using a diluted HF solution.

Kind of sample preparation and/or method of registration of the spectrum: A film 100 nm thick.
Absorption.

Source: Ono et al. (2001).

Wavenumbers (cm_]): 570sh, 510, 210s.

0628 Tistarite Ti,03

Origin: Synthetic.

Kind of sample preparation and/or method of registration of the spectrum: Reflectance of a single
crystal.

Source: Lucovsky et al. (1977).

Wavenumbers (cm™"): 448s, 343 (for E Il ¢); 511, 451s, 376s, 280w (for E L c¢).

0629 Trevorite Co-analogue CoFe,0,
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Origin: Synthetic.

Description: Synthesized from corresponding nitrates by a solid-state reaction technique at 1000 °C
for 24 h. Characterized by powder X-ray diffraction data. Cubic, space group Fd-3m.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc and Nujol
mull. Absorption.

Source: Ptak et al. (2014).

Wavenumbers (IR, cm_l): 591, 460w, 384, 186w.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum. In the cited paper, Raman spectrum is given.

Wavenumbers (Raman, cm_l): 470.
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0630 Ulvospinel Zn-analogue TiZn,0,
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Origin: Synthetic.

Description: Synthesized from corresponding oxides by a solid-state reaction technique at 1000 °C for
25 h. Characterized by powder X-ray diffraction data.

Kind of sample preparation and/or method of registration of the spectrum: Powder spread
uniformly over the surface of a polyethylene plate. Transmission.

Source: Keramidas et al. (1975).

Wavenumbers (IR, cm_l): 674sh, 640sh, 590s, 50sh, 396s, 350.

Note: In the cited paper, Raman spectrum is given.

Wavenumbers (Raman, cm_l): 780, 722s, 567w, 541w, 478, 441w, 351, 344, 313s, 256, 156,
136, 117, 101.
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Origin: Kalongwe deposit, Shaba, province, Zaire (type locality).

Description: Green tabular crystals from the association with kasolite. Characterized by powder X-ray
diffraction data and electron microprobe analyses.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Botto et al. (2002).

Wavenumbers (IR, em™"): 3508s, 3423s, 3262, 2845, 3100sh, 2247, 2035, 1943, 1643w, 1139,
1024, 978s, 897s, 859s, 842s, 803s,694, 655, 548s, 508s, 460s, 400s, 377s, 354s, 340s, 252s.
Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum. In the cited paper, Raman spectrum is given.
Wavenumbers (Raman, cm_l): 2233, 2018, 1946, 862, 805s, 474, 186.

0632 Vandenbrandeite hydrogen-free analogue CuUQ,4
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Origin: Synthetic.

Description: Prepared in a solid-state reaction between CuO and UOj;. The strongest lines of the
powder X-ray diffraction pattern [d, A (I, %)) are: 5.08 (50), 4.15 (90), 3.76 (50), 3.44 (100), 3.26
(50), 2.71 (90).

Kind of sample preparation and/or method of registration of the spectrum: Nujol mull.
Transmission.

Source: Jakes et al. (1968).

Wavenumbers (cm™'): 877, 755s, ~700, 635sh, ~605, 583, ~544sh, ~510s, ~450s.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum. In the cited paper, also IR spectra of MnUQ,4, MnU30,(, CoUQ,4, CoU30y,
NiUOy, NiU30,, CuU30,o, AgUO,, and HgUO, are given.
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0633 Zincite ZnO
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Origin: Synthetic.

Description: Commercial reactant.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Transmission.
Source: Music¢ et al. (2003).

Wavenumbers (cm_l): 529, 494s, 443s.

0634 Masuyite Pb(UO,);03(0OH),-3H,0
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Origin: Rum Jungle (?), northern Australia.

Description: Specimen No. 26494 from the collections of the Department of Geology and Mineralogy,
University of Queensland. Confirmed by powder X-ray diffraction data.

Kind of sample preparation and/or method of registration of the spectrum: Transmission.

Source: Wilkins (1971).

Wavenumbers (cm™): 1622, 1522w, 1391w, 1089, 1024, 900s, 796w, 778sh, 692sh, 503sh, 462s, 364s.
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0635 Sodium titanate Na,TigO;3 Na,TigO;3
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Origin: Synthetic.

Description: Prepared by using a stoichiometric mixture of Na,CO5 and TiO, (rutile) at 1250 °C for
4 h. Characterized by powder X-ray diffraction data. Monoclinic, with distorted TiO¢ octahedra.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Peng et al. (1995).

Wavenumbers (cm_l): 964s, 916sh, 816sh, 745, 702s, 560sh, 507s, 473, 447, 390w.

0640 Chibaite SiO,-1(CH,,CyHe,C3Hg,CaH o) (tmax = 3/17)
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Origin: Arakawa, Minamiboso city, Chiba prefecture, Kanto region, Honshu Island, Japan (type
locality).
Description: White semitransparent crystals. Intergrowths with quartz.
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Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Absorption.

Wavenumbers (cm_l): 3014w, 2970w, 2928w, 2880w, 2854w, 2003w, 1882w, 1165sh, 1113s,
1093s, 797, 780, 745sh, 695, 609w, 519, 464s, 398, 374.

Note: The bands at 1165, 797, 780, 695, 464s 398, and 374 cm~ ! are partly due to quartz.

Note: The spectrum was obtained by N.V. Chukanov.

0641 Samarskite-(Y) (Y,Ce,U,Fe,Nb)(Nb,Ta, Ti)O,
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Origin: Herrebgkasa, Aspedammen, Idd, Halden, @stfold, Norway.

Description: Black grains. X-ray amorphous, metamict. The empirical formula is (electron micro-
probe): (Yo.25Uo.2Cag 2Feq 2Lng. 1 )(Nbg g5 Tig.1 Tap.05)O0g-nH, 0.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Absorption.

Wavenumbers (cm™"): 3300sh, 3192s (broad), 1626, 1520, 1403w, 965sh, 851, 593s, 390sh.

Note: The spectrum was obtained by N.V. Chukanov.

0642 Samarskite-(Yb) YbNbO,
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Origin: Little Patsy pegmatite (Patsy pegmatite), South Platte Pegmatite District, Jefferson Co.,
Colorado, USA (type locality).

Description: Black grains in pegmatite. X-ray amorphous, metamict. The empirical formula is (electron
microprobe): (Ybo,13DYo.07Er0.04Y0.01120.01)C20.24U0.12Thg osFeo.18Mng 02(Nbog 03 T2, 11 Tig 01)-#H20.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Absorption.

Wavenumbers (cm~"): 3160s (broad), 1623, 1530sh, 1412w, 838, 607s, (390sh).

Note: The spectrum was obtained by N.V. Chukanov.

0643 Gauthierite KPb[(UO,);05(0H),]-8H,0
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Origin: Shinkolobwe mine, Shinkolobwe, Katanga province, Democratic Republic of Congo (type
locality).

Description: Yellowish orange crystals from the association with soddyite and a metazeunerite—
metatorbernite series mineral. Holotype sample. The crystal structure is solved. Monoclinic,
space group P2/c, a = 29.844(2), b = 14.5368(8) A, ¢ = 14.0406(7) A, p = 103.708(6)°,
V =5917.8(6) A>, Z = 8. Deye = 5.437 g/em®. Optically biaxial (—), a = 1.780(5), # = 1.815
(5), y = 1.825(5), 2V = 70(5)°. The empirical formula is K ¢7;Pbg78U7034H,377. The strongest
lines of the powder X-ray diffraction pattern [d, A (I, %) (hkD)] are: 7.28 (49) (020, 400), 3.566
(67) (040, —802, —204), 3.192 (100) (622, —224), 2.541 (18) (—842, —244), 2.043 (14) (406), 2.001
(23) (662,264, 14.2.0), 1.962 (14) (426, —146), 1.783 (17) (12.0.4, -10.4.6).

Kind of sample preparation and/or method of registration of the spectrum: Attenuated total
reflection of a polycrystalline sample.

Source: Olds et al. (2016a).

Wavenumbers (IR, em™"): 3350sh, 3154 (broad), 2919, 2852, 1980w, 1607, 915s, 764w.

Note: The bands in the range from 2800 to 3000 cm ™' correspond to the admixture of an organic
substance. In the cited paper, Raman spectrum is given.

Wavenumbers (Raman, cm_l): 833s, 821s, 696, 558, 539, 464, 454, 403, 355, 328, 260, 204,
160, 128.
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0645 Amakinite (Fe’*,Mg)(OH),
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Origin: Synthetic.

Description: Mg-free, partly deuterated sample. The empirical formula is Fe?*(OH); 7(OD)g 3.
Characterized by powder X-ray and neutron diffraction data. Trigonal, space group P-3ml,
a = 3.2628(1), ¢ = 4.604(1) A.

Kind of sample preparation and/or method of registration of the spectrum: CsI disc.
Transmission.

Source: Lutz et al. (1994).

Wavenumbers (IR, ecm™"): 3624s, 2656, 1020w, 782sh, 488s, 395, 305s.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum. The band at 2656 cm™' corresponds to D—O-stretching vibrations. In the
cited paper, Raman spectrum is given.

Wavenumbers (Raman, cm_l): 3573s, 407, 260.

0646 Clarkeite Na(UO,)O(OH)-nH,O
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Origin: Synthetic.

Description: Obtained by precipitation generated in a uranyl peroxycarbonato complex solution at pH
14 controlled by NaOH, with subsequent drying in vacuum at 100 °C for 3 h.

Kind of sample preparation and/or method of registration of the spectrum: Transmission. Kind of
sample preparation is not indicated.

Source: Kim et al. (2009).

Wavenumbers (cm™"): 3450s (broad), 2738w, 2090w (broad), 1845, 1636s, 1537, 1378, 1347,
1126w, 1048sh, 888s, 786w, 720w.

Note: The wavenumbers were determined by us based on spectral curve analysis of the published
spectrum.

0647 Duttonite V**O(OH),
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Origin: Synthetic.

Description: Nanorods obtained by aqueous precipitation at pH 4.0 in the presence of hydrazine at
95 °C during 4.5 days. Characterized by powder X-ray diffraction data.

Kind of sample preparation and/or method of registration of the spectrum: Attenuated total
reflection of a powdered sample.

Source: Besnardiere et al. (2016).

Wavenumbers (cm_l): 1600, 1145w, 982, 905, 738, 536s, and broad bands near 2800 and
1900 cm ™).

Note: The wavenumbers were determined by us based on spectral curve analysis of the published
spectrum.
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0648 Higgite V>*V*0,(OH);
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Origin: Synthetic.

Description: Nanorods obtained by aqueous precipitation at pH 3.6-3.8 in the presence of hydrazine at
95 °C during 4.5 days. Characterized by powder X-ray diffraction data. Monoclinic, a = 12.208,
b =2997, c =4840 A, = 98.29°

Kind of sample preparation and/or method of registration of the spectrum: Attenuated total
reflection of powdered sample.

Source: Besnardiere et al. (2016).

Wavenumbers (cm_l): 1618w, 991, 860, 604sh, 536s.

Note: The wavenumbers were determined by us based on spectral curve analysis of the published
spectrum.

0649 Jianshuiite MgMn**;0,-3H,0
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Origin: Luzhai Mn deposit, Jianshui Co., Honghe Autonomous Prefecture, Yunnan, China (type
locality).

Description: Aggregate of dark brown microcrystals. Holotype sample. Characterized by powder
X-ray diffraction data. Triclinic, space group P-1, a = 7.534(4), b = 7.525(6), ¢ = 8.204(8) A,
a = 89.753(8)°, p = 117.375(6)°, y = 120.000(6)°. Dyeas = 3.50-3.60 g/cm’. The empirical
formula is (Mgo_gsMn2+0_05)Mn4+3_1507.20'2.80H20.

Kind of sample preparation and/or method of registration of the spectrum: Transmission.

Source: Yan et al. (1992).

Wavenumbers (cm_l): 3396, 3352, 1635, 1096w, 1020w, 645sh, 620, 530s, 496s, 475s, 442s, 312sh.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum. Weak bands in the range from 2800 to 3000 cm ™' correspond to the admixture
of an organic substance.

0650 Mushistonite Cu”*Sn**(OH),
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Origin: Mushiston Sn deposit, Kaznok valley, Penjikent, Zeravshan range, Tajikistan (type locality).

Description: Pseudomorphs after stannite. Holotype sample. Cubic, a = 7.735 A. The strongest lines
of the powder X-ray diffraction pattern [d, A (I, %) (hkl)] are: 3.88 (100) (111), 2,740 (50) (220),
2.230 (20) (222), 1.932 (16) (400), 1.729 (35) (420), 1.578 (23) (422).

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Marshukova et al. (1984).

Wavenumbers (cm™"): 3211s, 3093s, 1603, 1471, 1424, 1178s, 1117sh, 1087sh, 800, 745sh, 597sh,
540s, 495sh.

Note: The wavenumbers were determined by us based on spectral curve analysis of the published
spectrum.
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0651 Orthobrannerite U**U%Ti,0,,(OH),
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Origin: Dengzhong Co., Baoshan prefecture, Yunnan, China (type locality).

Description: Black crystals. Holotype sample. Metamict, X-ray amorphous. The strongest lines of the
powder X-ray diffraction pattern of a heated sample [d, A (I, %)] are: 4.87 (70), 3.89 (80), 3.17
(100), 2.45 (90), 1.659 (90).

Kind of sample preparation and/or method of registration of the spectrum: Transmission.

Source: X-ray Laboratory, Peking Institute of Uranium Geology, Wuhan Geological College (1978).

Wavenumbers (cm_l): 3480, 1669w, 1620w, 1451, 1405sh, 1157w, 1078w, 1036w, 880, 581sh,
546s, 461sh, 391sh.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum.

0652 Pyrochroite Mn**(OH),
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Origin: Synthetic.
Kind of sample preparation and/or method of registration of the spectrum: CsI disc. Transmission.
Source: Lutz et al. (1994).



2.5 Oxides and Hydroxides 215
Wavenumbers (IR, cm_l): 3631s, 1075w, 1029w, 950w, 606, 450s, 388sh, 290s.
Note: In the cited paper, Raman spectrum is given.

Wavenumbers (Raman, cm_l): 3578s, 401, 234.

0653 Fluorcalciopyrochlore (Ca,Na),(Nb,Ti),OgF
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Origin: Tatarka River, Krasnoyarskiy Kray, Siberia, Russia.

Description: Yellow-brown octahedral crystal. The empirical formula is (electron microprobe):
(Cap.gsNag.19REE( 02)(Nb 91 Tig 04aFe0 03Re€0.02)(0,0H)6 36F0.64-1H20 (7 < 1).

Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Absorption.

Wavenumbers (cm_l): 3426w, 1643w, 1145w, 1075sh, 955sh, 870sh, 725sh, 565s, 416s.

Note: The spectrum was obtained by N.V. Chukanov.

0654 Ferronigerite-2N1S (Al,Fe,Zn),(Al,Sn)s0,;(OH)

/—\
] ™~

M/ ™~

Transmittance
—

[

o i) T
400 800 1200 1600 2000 2400 2800 3200 3600

>

Wavenumber (cm™)



216 2 IR Spectra of Minerals and Related Compounds, and Reference Samples Data

Origin: Three Aloes Mine, Uis, Damaraland District, Kunene Region, Namibia.

Description: Orange-brown tabular crystal. The empirical formula is (electron microprobe):
Als g7Fe0.70Zn0,15Mg0.07Cr0.02(Sn0.93Ti.07)O011(OH).

Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Absorption.

Wavenumbers (cm™"): 3627w, 3473, 3352w, 1165sh, 1083, 975, 832, 765sh, 746, 712, 616s, 561s,
534s, 470s, 417, 399, 380sh.

Note: The spectrum was obtained by N.V. Chukanov.

0655 Hydroromarchite Sn**;0,(OH),
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Origin: Synthetic.

Description: Yellow precipitate obtained by addition of water to diethylether solution of Sn(NMe,)s.
Characterized by TG and powder X-ray diffraction data.

Kind of sample preparation and/or method of registration of the spectrum: Transmission. Kind of
sample preparation is not indicated.

Source: Khanderi et al. (2015).

Wavenumbers (IR, cm_l): 3300s, (1623), 724, 544s.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the
published spectrum. Weak bands in the ranges 1000—1500 and 2800-3000 cm ™" correspond to
the admixture of an organic substance. The band at 1623 cm™' may correspond to adsorbed water
molecules. In the cited paper, Raman spectrum is given.

Wavenumbers (Raman, cm_l): 264, 229s, 186, 132s.
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0656 Kusachiite Cu**Bi**,0,
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Origin: Synthetic.

Description: Prepared hydrothermally from bismuth acetate and copper nitrate in the presence of
NaOH at 140 °C for 12 h. Characterized by powder X-ray diffraction data. Tetragonal, space group
P4nce, a = 8.567, c = 5.791 A, V = 425.17 A°.

Kind of sample preparation and/or method of registration of the spectrum: Transmission. Kind of
sample preparation is not indicated.

Source: Yuvaraj et al. (2016).

Wavenumbers (IR, cm_l): 890w, 648, 547s, 522s, 410.

Note: The wavenumbers were partly determined by us based on spectral curve analysis of the published
spectrum. Bands above 1000 cm ™" correspond to impurities. In the cited paper, Raman spectrum is given.

Wavenumbers (Raman, cm_l): 575w, 399, 257s, 187w, 123s, 84w.

0657 Montroydite HgO
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Origin: Synthetic.
Description: Commercial reactant. Characterized by powder X-ray diffraction data.
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Kind of sample preparation and/or method of registration of the spectrum: No data.

Source: Xhaxhiu et al. (2013).

Wavenumbers (cm_l): 1122w, 600, 484.

Note: Bands above 1400 cm ™' correspond to impurities. For the IR spectrum of montroydite see also
Godelitsas et al. (2003).

0658 Romarchite SnO
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Origin: Synthetic.

Description: Nanoparticles. Characterized by powder X-ray diffraction data.

Kind of sample preparation and/or method of registration of the spectrum: Transmission. Kind of
sample preparation is not indicated.

Source: Krishnakumar et al. (2008).

Wavenumbers (cm_l): 651s, 613sh, 535sh.

Note: The wavenumbers were determined by us based on spectral curve analysis of the published
spectrum.

0659 Zirconolite-2M (Ca,Y)Zr(Ti,Mg,Al),O,
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Origin: Synthetic.

Description: Synthesized by a solid-state reaction method at 1400 °C for 16 h. Characterized by
powder X-ray diffraction data. Monoclinic, a = 12.441, b = 7.239, ¢ = 11.341 A, p = 100.694°.
The empirical formula is Cag g3Ce 17Z1Ti; 66Alo 3407.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc.
Transmission.

Source: Souag et al. (2015).

Wavenumbers (cm_l): 685, 646, 517s, 473s, 413sh.

Note: The band position denoted by Souag et al. (2015) as 685 cm™
675 cm .

! was determined by us at

0660 Magnesiohogbomite-2N3S (Mg,Fe,Zn,Ti)4(AlFe);00;9(OH)
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Origin: Zelentsovskaya pit, near Zlatoust, Chelyabinsk region, Southern Urals, Russia.

Description: Crystals from the association with clinochlore, magnetite, and spinel. Investigated by
LV. Pekov. Characterized by single-crystal X-ray diffraction data. Hexagonal, a = 5.743(3),
c = 23.102) A, V = 659.7(8) A>. The empirical formula is (electron microprobe):
(Mg2 04Fe; 89Zng 0sMng 02)(Aly 55 Tip.77)O019(OH).

Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Absorption.

Wavenumbers (cm_l): 3435sh, 3332, 835sh, 705sh, 674s, 626s, 540s, 507s, 437.

Note: The spectrum was obtained by N.V. Chukanov.
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0661 Diaoyudaoite NaAl;;O;
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Origin: Technogenetic, from the slag of the Klyuchevskoi ferroalloy factory, Sverdlovsk region, Russia.

Description: Brown platy crystals from the association with corundum. Investigated by I.V. Pekov.
Characterized by single-crystal X-ray diffraction data. Hexagonal, a = 5.618(10), ¢ = 22.62(3) A,
V = 618(2) A®. The composition is close to that of diaoyudaoite end-member.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Absorption.

Wavenumbers (cm™"): 1120sh, 1069w, 819, 768s, 709s, 668, 624s, 599s, 553, 445, 380.

Note: The spectrum was obtained by N.V. Chukanov.

0662 Zincovelesite-6N6S Zn;(Fe** Mn>*, AL, Ti)0,5(OH)
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Origin: “Mixed Series” metamorphic complex near the NeZilovo village, Jacupica Mountains,
Pelagonia mountain range, Macedonia (type locality).

Description: Black lenticular aggregates from the association with franklinite, gahnite, hetaerolite,
zincochromite, ferricoronadite, baryte, As-rich fluorapatite, dolomite, Zn-bearing talc, almeidaite,
etc. Holotype sample. The crystal structure is refined by the Rietveld technique. Trigonal, probable
space group P-3ml, a=5.902(2) A, ¢ = 55.86(1) A, V= 1684.8(9) A®>, Z= 6. Doyc = 5.158 g/cm”.
The empirical formula is Hl_0521'13_26Mg0.21CU0.05F63+3.lgMn3+2.32A11.38Ti0.57sb0.20016. The stron-
gest lines of the powder X-ray diffraction pattern [d, A (1, %) (hkD)] are: 2.952 (62) (110), 2.881
(61) (1.0.16), 2.515 (100) (204), 2.493 (88) (1.1.12), 2.451 (39) (1.0.20), 1.690 (19) (304, 2.1.16),
1.572 (19) (2.0.28), 1.475 (29) (221).

Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Absorption.

Wavenumbers (cm_l): 3407w, 817sh, 647, 605, 563s, 550sh, 484s, 400sh.

Note: The spectrum was obtained by N.V. Chukanov.

0663 Wolsendorfite Pb;(UO,);40,9(OH),-12H,0
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Origin: Shinkolobwe, Katanga (Shaba), Democratic Republic of Congo.

Description: Orange-red grains. Investigated by A.V. Kasatkin. The empirical formula based on
semiquantitative electron microprobe analysis is Pbs 3Ca; gAsy4(UO5)14.35(0,0H),-nH,0.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Absorption.

Wavenumbers (cm_l): 3470s, 3344s, 1645, 1515, 1423, 992, 808s, 739, 707, 542w, 437s, 402.

Note: The spectrum was obtained by N.V. Chukanov.



222 2 IR Spectra of Minerals and Related Compounds, and Reference Samples Data

0664 Hydrocalumite Ca,Al(OH)4(CI,OH)-3H,O
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Origin: Bellerberg, near Ettringen, Eifel Mts., Rhineland-Palatinate (Rheinland-Pfalz), Germany.

Description: Colorless platy crystal from the association with ettringite. Confirmed by qualitative
electron microprobe analyses.

Kind of sample preparation and/or method of registration of the spectrum: KBr disc. Absorption.

Wavenumbers (cm™1): 3670, 3645s, 3629, 3598, 3500sh, 3475s, 3368, 3207, 3108, 2700sh, 2149w,
1973w, 1795w, 1641, 1404s, 990sh, 874, 804s, 713, 531s, 422s.

Note: The spectrum was obtained by N.V. Chukanov.

0665 Magnesiohogbomite-2N4S (Mg, Fe™),0AL,Ti*",0,46(OH),
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Origin: Kastor, Kirkkjokk, Sweden.

Description: Black grains. The empirical formula is (electron microprobe): (Mgs ¢4Fes26Mng 12)
(Alp3 oFeq g0)(Ti1 g7Fe0.13)044(OH),.

Kind o