Bull Mineral Petrolog 32, 1, 2024. ISSN 2570-7337 (print); 2570-7345 (online) 37

https://doi.org/10.46861/bmp.32.037 PUVODNI PRACE/ORIGINAL PAPER

Chenowethite, rare Mg-uranyl -sulphate, from the Jachymov
ore district, Krusné hory Mountains (Czech Republic) -
description and Raman spectroscopy

JIRi SEJKORA"* AND JAKUB PLASIL?

"Department of Mineralogy and Petrology, National Museum, Cirkusovéa 1740, 193 00 Praha 9 - Horni Pocernice;
*e-mail: jiri.sejkora@nm.cz
2Institute of Physics of the Czech Academy of Sciences, Na Slovance 1999/2, 182 00 Praha 8, Czech Republic

SEJKORA J, PLASIL J (2024) Chenowethite, rare Mg-uranyl -sulphate, from the Jachymov ore district, Krusné hory Moun-
tains (Czech Republic) - description and Raman spectroscopy. Bull Mineral Petrolog 32(1): 37-44 ISSN 2570-7337

Abstract

We studied a rare magnesium uranyl sulphate mineral, chenowethite, from the Jachymov ore district, Krusné hory
Mountains (Czech Republic). It was confirmed from the two samples originating from the Svornost mine in Jachymov.
Chenowethite forms rich crystalline aggregates on supergene-altered rocks in association with dark yellow to orange
mineral of the zippeite group and white acicular crystals of gypsum. Its randomly arranged aggregates are composed of
elongated thin tabular crystals up to 100 um in length. Chenowethite is pale or bright yellow with a pale yellow streak and
fluoresces greenish yellow, weak or dull under 254 nm and 366 nm UV-radiation, respectively. Chenowethite crystals are
transparent to translucent and have an intensive vitreous luster. It is very brittle, and at least one system of perfect cleav-
age (along {010}) was observed. The quantitative chemical analyses of chenowethite agree well with the proposed ideal
composition and correspond to the following empirical formulae (on the basis of 2 U atoms pfu) (Mg, ,Fe, ,.MN; 12)51 05
[(U02)2(304)2.06(0H)2.04]'11 Hzo (sample A) and (Mgo.ngeo.ﬂMno.o4zno.o1)21.08[(Uoz)z(so4)1.96(8io4)o.o1(OH)z.zs]'11 Hzo
(sample B). Chenowethite is orthorhombic, the space group Cmcm, with the unit-cell parameters refined from X-ray
powder diffraction data: a 6.9329(8), b 19.0019(15), ¢ 16.3298(15) A and V 2151.2(3) A% (sample A) and a 6.937(3),
b 19.019(5), ¢ 16.348(6) A and V 2156.8(1.1) A3 (sample B). Vibrational (Raman and infrared) spectroscopy documents

the presence of molecular water, uranyl and sulphate units in the crystal structure of chenowethite.
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Introduction

Uranyl sulphates are common supergene alteration
products formed by oxidation-hydration weathering of
uraninite (Plasil 2014) associated with sulphides, such
as pyrite or chalcopyrite (Finch, Murakami 1999; Krivo-
vicheyv, PIasil 2013). More specifically, in old mining wor-
kings, oxidizing weathering of sulphides generates acid
solutions that react with primary uraninite to form the ura-
nyl sulphates (Fernandes et al. 1995; Brugger et al. 2003;
Plasil et al. 2014).

Chenowethite, Mg(H,0)[(UO,),(SO,),(OH),]-5H,0,
has been described recently by Kampf et al. (2022) as
a new mineral from the Blue Lizard, Green Lizard and
Markey mines in the White Canyon mining district, Red
Canyon, San Juan County, Utah (USA). At type localities,
chenowethite forms transparent pale green-yellow thin
blade crystals up to 0.5 mm in length (Kampf et al. 2022).
This paper aims to summarize the results of the complex
mineralogical study, including Raman and infrared spec-
troscopy of this rare magnesium uranyl sulphate mineral
on the base of finds of well crystallized samples in the
Jachymov ore district, Czech Republic.

Occurrence and specimen description

Chenowethite was found on specimens originating
from the Jachymov ore district (formerly St. Joachimsthal),
Krusné hory Mountains, approximately 20 km north of
Karlovy Vary, northwestern Bohemia, Czech Republic.
The material we studied most probably originates from
the Jan Evangelista vein at the level Daniel of the Svor-
nost mine located in the central part of this ore district,
and was collected by the mineralogist Dr. Jan HlouSek.

The Jachymov ore district is a classic example of
Ag+As+Co+Ni+Bi and U vein-type hydrothermal minera-
lization. The ore veins cut a complex of medium-grade
metasedimentary rocks of Cambrian to Ordovician age,
in a Variscan granite pluton envelope. Most of ore mine-
rals formed during the Variscan mineralizing epoch from
mesothermal fluids (Ondru$ et al. 2003a,b,d). Primary
and supergene mineralization in this district resulted in
extraordinarily varied associations; more than 440 mine-
ral species have been reported from there (Ondrus et al.
1997a,b and 2003c,d; Hlousek et al. 2014; Skacha et al.
2019).

Chenowethite has been found on two samples (A and
B in the following text) and forms rich crystalline aggrega-
tes (Figs. 1 - 3) on supergene-altered rocks in association
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Fig. 1 Rich crystalline aggregate of chenowethite on supergene-altered rock
from Jachymov (sample A); field of view 6 mm; photo J. Sejkora.

Fig. 2 Crystalline aggregate of chenowethite formed by elongated thin tabular
crystals from Jachymov (sample A); field of view 1.2 mm; photo J. Sejkora.

(=

Fig. 3 Crystalline aggregate of chenowethite formed by elongated thin tabular
crystals from Jachymov (sample B); field of view 2 mm; photo J. Sejkora.

with dark yellow to orange mineral of
zippeite group and white acicular cry-
stals of gypsum. lts randomly arran-
ged aggregates are composed of
elongated thin tabular crystals up to
100 ym in length (Fig. 4). The mine-
ral is pale (sample A) or bright yellow
(sample B), with pale yellow streak
and fluoresces greenish yellow, weak
to dull under both 254 nm and 366
nm UV-radiation. Crystals are trans-
parent to translucent and have an in-
tensive vitreous luster. It is very brittle
and at least one system of perfect
cleavage (probably along {010}) was
observed.

Chemical composition

Samples of chenowethite were
analysed with a Cameca SX-100
electron microprobe (National Mu-
seum, Prague) operating in the wa-
velength-dispersive mode with an
accelerating voltage of 15 kV, a spe-
cimen current of 5 nA, and a beam
diameter of 10 uym. The following li-
nes and standards were used: Ka:
albite (Na), celestine (S), chalcopy-
rite (Cu), Co (Co), Cr,0, (Cr), diop-
side (Mg), fluorapatite (Ca, P), halite
(CI), hematite (Fe), LiF (F), Ni (Ni),
rhodonite (Mn), sanidine (Al, Si, K),
vanadinite (V), ZnO (Zn); La: baryte
(Ba), clinoclase (As), wulfenite (Mo),
YVO, (Y); LB: celestine (Sr); and Ma:
Bi (Bi), UO, (U), wulfenite (Pb). Peak
counting times (CT) were 20 s; CT for
each background was one-half of the
peak time. The raw intensities were
converted to the concentrations au-
tomatically using the PAP (Pouchou
and Pichoir 1985) matrix-correction
algorithm. The contents of Al, As, Ba,
Bi, Ca, Cl, Cr, F, K, Mo, Na, P, Pb, Sr,
V and Y were also measured but al-
ways found to be below the detection
limits (about 0.05 - 0.10 wt. %). Wa-
ter content could not be analysed di-
rectly because of the minute amount
of material available. The absence
of carbonate and ammonium groups
and the presence of H,O were con-
firmed by infrared spectroscopy. A
large range of experimental totals
could be a result of (i) H,O loss under
vacuum in the EPMA chamber; (ii)
uneven surface of samples; and (iii)
small size of crystals and resulting
porosity of aggregates.

Chemical composition of studied
samples (Table 1) agrees very well
with the ideal formula of chenowethite
Mg[(UO,),(SO,),(OH),]-11H,0, and
published analyses of this mine-
ral phase from type locality (Kampf
et al. 2022). The cationic site is
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occupied by dominant Mg with minor contents of Fe
(up to 0.20 apfu) and Mn (up to 0.04 apfu) and in the
case of sample B also traces of Cu, Cu, Ni and Zn.
The empirical formulae of chenowethite on the ba-
sis of 2 U atoms pfu are (Mg, Fe,,,Mn
[(UO,),(S0,),4(OH), 4,1 11H,0
(mean of 9 analyses at sample A) and
(Mgo.steo.ﬁMno.o4zno.o1)z1.os[(uoz)2
(80,);.66(Si0,) 0:(OH), 5,1 11H,0
(mean of 11 analyses at sample B).
A partial vacancy in the Mg site and
minor (NH,)" contents described for
chenowethite from the type locali-
ty (Kampf et al. 2022) were not ob-
served in the studied samples from
Jachymov.

0.03)21.08

X-ray powder diffraction

Powder X-ray diffraction data
were collected on a Bruker D8
Advance diffractometer (National
Museum, Prague) with a solid-sta-
te 1D LynxEye detector using CuK,
radiation and operating at 40 kV and
40 mA. The powder pattern was co-
llected using Bragg-Brentano geo-
metry in the range 2.5 - 70° 26, in
0.01° steps with a counting time of 20
s per step. Positions and intensities

Table 1 Chemical composition of chenowethite (wt. %)

Fig. 4 Aggregates of elongated thin tabular crystals of chenowethite from J&-
chymov (sample B); field of view 250 um; BSE photo J. Sejkora.

of reflections were found and refined using the Pearson-
VIl profile-shape function with the ZDS program package
(Ondrus 1993) and the unit-cell parameters were refined
by the least-squares algorithm implemented by Burnham
(1962). The experimental powder pattern was indexed in

W gl

Jachymov sample A Jachymov sample B Red Canyon ideal
this paper this paper Kampf et al. (2022) composition

wt. % mean range (n = 9) mean range (n = 11) mean range (n = 8)
(NH,),0 0.60 0.43-0.70
FeO 0.23 0.14 - 0.31 0.81 0.36 - 1.31 0.67 0.52-0.94
MgO 4.05 3.19-4.41 3.78 2.52-5.06 2.96 2.50 - 3.46 4.08
CuO 0.02 0-0.11
CoO 0.03 0-0.09 0.35 0.30-0.46
NiO 0.04 0-0.11 0.29 0.24-0.34
MnO 0.23 0.17 - 0.30 0.27 0-0.70
ZnO 0.08 0-0.32
SiO, 0.06 0-0.22
SO, 16.31 15.56 - 16.86 15.96 11.53 - 19.79 16.61 15.73-17.33 16.20
uo, 56.48 53.78 - 59.73 58.26 50.52 - 66.48 59.33 58.42 - 60.07 57.86
H,0* 21.38 20.44 - 22.40 22.22 19.18 - 25.29 22.03 21.87
total 98.68 94.63-102.55 101.51 87.77-117.69 102.84 100.00
apfu on the base U = 2
NH, 0.222
Fe 0.032 0.111 0.090
Mg 1.017 0.921 0.708 1.000
Cu 0.002
Co 0.003 0.045
Ni 0.004 0.037
Mn 0.033 0.037
Zn 0.010
Si 0.009
S 2.064 1.957 2.000 2.000
U 2.000 2.000 2.000 2.022
OH 2.036 2.227 1.982 2.000
H,0 11 11 10.800 11

H,O0* was calculated based on the charge balance and ideal content of 11 water molecules pfu.
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line with the calculated intensities values obtained from
the crystal structure of chenowethite (Kampf et al. 2022),
based on the Lazy Pulverix program (Yvon et al. 1977).

The peak positions in experimental X-ray powder pat-
terns (Table 2) agree well with data published for che-
nowethite from type locality (Kampf et al. 2022) as well
as with those calculated from the crystal structure of this
mineral. Some observed differences in intensities of indi-
vidual diffraction maxima are due to the preferred orien-
tation effects. The refined unit-cell parameters, compared
with published data, are given in Table 3.

Raman spectroscopy

The Raman spectra of studied samples were collect-
ed in the range 4000 - 40 cm™ using a DXR dispersive
Raman Spectrometer (Thermo Scientific) mounted on a
confocal Olympus microscope. The Raman signal was
excited by an unpolarised green 532 nm solid state, di-
ode-pumped laser and detected by a CCD detector. The
experimental parameters were: 100x objective, 10 s ex-
posure time, 100 exposures, 50 um pinhole spectrograph
aperture and 2 mW laser power level. The spectra were
repeatedly acquired from different grains to obtain a rep-
resentative spectrum with the best signal-to-noise ratio.

The eventual thermal damage of the measured point was
excluded by visual inspection of the excited surface after
measurement, by observation of possible decay of spec-
tral features at the start of excitation and by checking for
thermal downshift of Raman lines. The instrument was
set up using a software-controlled calibration procedure
using multiple neon emission lines (wavelength calibra-
tion), multiple polystyrene Raman bands (laser-frequency
calibration), and standardized white-light sources (inten-
sity calibration). Spectral manipulations were performed
using the Omnic 9 software (Thermo Scientific).

Chenowethite, Mg(H,0),[(UO,),(SO,),(OH),]-5H,0,
is an orthorhombic uranyl-containing mineral, the space
group Cmcm, Z = 4. The crystal structure of chenowethite
contains pairs of UO, pentagonal bipyramids that sha-
re a common edge, forming dimers. These dimers are
linked by sharing corners with SO, groups, yielding a
[(UO,),(8O,)2(0OH),J* sheets that are topologically equi-
valent to those in deliensite, plasilite, greenlizardite, jo-
hannite, feynmannite and meitnerite. The interlayer in
the chenowethite crystal structure contains a disordered
Mg(H,O), octahedron and three isolated H,O groups
(Kampf et al. 2022).

In general, molecular water (C,, symmetry) is charac-
terized by three fundamental v, (A,) symmetric stretching

Table 2 X-ray powder diffraction data of chenowethite from Jachymov

sample A sample B sample A sample B
Iobs, dobs. dca/c. Iobs. dobs, dcalc, h k / Iobs, dobs. dcalc. Iobs. dobs. dcalc, h k l
100.0 9.503 9.501 100 9522 9510 0 2 O 1.7 2546 2546 0.2 2548 2548 2 2 4
49 8218 8212 24 8230 82200 2 1 24 2528 2528 0.7 2531 2530 1 7 O
53 6.051 6.050 0.6 6.064 6.054 1 1 1 2.3522 2355 1 3 6
254 4751 4750 179 4757 4755 0 4 O 22 23507 2.3505 12353 2353 0 8 1
33 4675 4676 13 4687 4680 1 3 O 0.9 2.3094 2.3092 2 4 4
89 4563 4561 47 4571 456 0 4 1 1.5 2.2724 22718 0.2 2.2706 2.2731 3 1 1
1.7 4496 4.496 1 3 1 0.9 2.1769 2.1770 04 21782 21791 0 8 3
1.3 4175 4177 02 4181 41801 1 3 0.4 21713 21710 ’ 21723 3 3 O
6.8 4.083 4082 95 4087 4087 0 0 4 1.5 2.1492 2.1491 0.3 2.1501 21511 1 7 4
7.9 3.752 3.751 4 3756 3755 0 2 4 1.5 2.0415 2.0412 1.5 2.0425 2.0435 0 0O 8
39 3578 3579 0.6 3583 35830 4 3 0.6 2.0189 2.0197 0.2 2.0214 2.0215 1 9 O
59 3461 3466 06 3471 3468 2 0 O 0.2 1.9208 1.9209 0.3 1.9219 19228 0 8 5
28 3333 3333 13 3339 3331 5 0 1.8 1.9003 1.9011 1.2 1.9015 19028 2 6 5
28 3257 3256 02 3252 3258 2 2 O 1.7 1.8879 1.8875 0.5 1.8893 1.8892 0 10 1
1.7 3.167 3.167 14 3170 3170 0 6 O 0.9 1.8773 1.8772 02 18762 18786 3 1 5
39 3110 3109 12 313 31120 6 1 0.6 1.8709 1.8708 ’ 18727 1 3 8
20 3.09% 3.09% 1.1 3100 3.099 0 4 4 1.1 1.8100 1.8103 0.2 1.8124 18120 1 9 4
22 3.091 3.089 15 3.092 30920 2 5 0.6 1.7779 1.7776 3 5 4
5.0 2920 2919 1 2922 2922 1 1 5 0.4 1.7595 1.7597 3 7 0
1.3 2.800 2.800 2 4 0 0.9 1.7475 1.7479 1 1 9
09 2738 2737 05 2740 2740 0 6 3 0.6 1.6915 1.6916 1 3 9
1.3 2677 2.678 1 3 5 0.4 1.6165 1.6159 3 7 4
3.1 2643 2642 02 2644 2644 2 0 4 0.7 1.5883 1.5881 1 7 8
24 2582 2582 1 5 4 0.6 1.5834 1.5835 0.5 1.5844 15849 0 12 O
Table 3 Unit-cell parameters for chenowethite (for orthorhombic space group Cmcm)
alA] bIA] cIA VAl
Jachymov A this paper 6.9329(8) 19.0019(15) 16.3298(15) 2151.2(3)
Jachymov B this paper 6.937(3) 19.019(5) 16.348(6) 2156.8(1.1)
Red Canyon' Kampf et al. (2022) 6.9435(6) 19.035(2) 16.3577(13) 2162.0(3)
Red Canyon? Kampf et al. (2022) 6.951(2) 19.053(6) 16.372(5) 2168.19(7)

Red Canyon' - single crystal X-ray data; Red Canyon? - X-ray powder diffraction data.
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OH vibrations (~3657 cm™), v, (8 H,0) (A,) bending vib-
rations (~1595 cm™) and v, (B,) antisymmetric stretching
OH (~3756 cm™") vibrations. All vibrations are Raman and
infrared active. Their wavenumbers are influenced by
the formation of hydrogen bonds. At wavenumbers lower
than 1100 cm™, libration modes of water molecules may
be observed (Cejka 1999; Nakamoto 2009). A free uranyl
cation, (UO,)*, D, point-group symmetry, is, in general,
characterized by three fundamental vibration modes: the
v, symmetric stretching vibration, Raman active (900 -
750 cm™), the v, (5) doubly degenerate bending vibration,

try lowering may cause splitting of degenerate vibrations
and Raman and infrared activation of all vibrations (Cejka
1999; Nakamoto 2009)

The Raman spectra of both chenowethite samples
from Jachymov, recently studied, are close to each oth-
er and correspond to the published spectrum of che-
nowethite from Red Canyon (Kampf et al. 2022). The
full-range Raman spectra of the studied chenowethite
samples are given in Figure 5, and wavenumbers with
assignments are given in Table 4; in the following text, we
discuss the data for sample A. Bands of the low intensity,

infrared active (300 - 200 cm™),
and the v, antisymmetric
stretching vibrations, infrared
active (1000 - 850 cm™). The
lowering of the ideal symmetry
(due to crystal field and so on)
may cause splitting of the v,
(8) vibration and Raman and
infrared activation of all three
vibrations (Cejka 1999; Naka-
moto 2009). A free sulphate
anion, (S0,)*, T, point-group

3560
3448
3282

sample B

850

1046
1020

1082

1208
927

symmetry, is characterized
by four fundamental modes:
the v, symmetric stretching
vibration, Raman active (~983
cm™), the v, (8) doubly degen-
erate bending vibration, Ra-
man active (~450 cm), the
v, triply degenerate antisym-
metric stretching vibration,
Raman and infrared active,

Raman intensity

3448

3549
3284

_/\x

sample A

1046
10186

240
197

8

1204
1079
798
655
607
456
348
164
11

(~1105 cm™), and the v, ()

—

triply degenerate bending vi- 4000 3000
bration, Raman and infrared

active (~611 cm™). T, symme-

2000 1500
Raman shift (cm™)

1000 500

Fig. 5 Raman spectra for chenowethite from Jachymov (split at 2000 cm’').

Table 4 Tentative assignment of Raman spectra of chenowethite from Jachymov

sample A sample B Red Canyon* tentative assignment
[em™] [cm™] [em]
3549 3560
3448 3448 3436 v O-H stretch of hydrogen bonded water molecules
3284 3282
1204 1208 121
1" 72 v, antisymmetric stretch of (SO,)*
1079 1082 1077
1046 1046 1040 v, symmetric stretch of (SO,)*
1016 1020 1015
926 927 927 v, antisymmetric stretch of (UO,)**
850 850 846 . -
798 795 800 v, symmetric stretch of (UO,)
655 660 656 5.
607 610 604 v, bend of (SO,)
456 458 452 v, bend of (SO,)*
348 348 341 vU-O_
240 249 244 2+
197 199 196 v, bend of (UO,)
164 164 160
147 lattice and other modes
111 113 109

Red Canyon* - Kampf et al. (2022).
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located at 3549, 3448 and 3284 cm™, are connected with
the v OH stretching vibrations of hydrogen-bonded water
molecules; according to the empirical relation between
the energy of vibration and the corresponding bond length
(Libowitzky 1999), O-H---O hydrogen-bond lengths vary
approximately in the range from 2.73 to 3.0 A. The broad
character of Raman bands in this region and the complex
nature of the interlayer part of the crystal structure, which
includes several different H,O groups, partly disordered
(Kampf et al. 2022), make the unambiguous assignment
of the specific hydrogen bonds impossible. A low band at
1204 cm™ is assigned to the triply degenerate v, (SO,)*
antisymmetric stretching vibration. Medium strong bands
at 1046 and 1016 cm™ with a shoulder at 1079 cm™ are

attributed to the v, (SO, )* symmetric stretching vibrations.
A very weak band at 926 cm™ is related to the v, (UO,)*
antisymmetric stretching vibrations and a very strong
band at 850 cm* with a shoulder at 798 cm™' is assigned
to the v, (UO,)?* symmetric stretching vibrations. Accord-
ing to the empirical relationship of Bartlett and Cooney
(1989), the v, (UO,)*" and v, (UO,)*, respectively, cor-
respond to an approximate U-O bond length of 1.77 and
1.76 A, in excellent agreement with U-O bond lengths
from the X-ray data: 1.756(12) and 1.766(12) A (Kampf
et al. 2022). Two very weak bands at 655 and 607 cm
are connected with the split triply degenerate v, (3) (SO, )*
bending vibrations. A band at 456 cm™' is assigned to the
doubly degenerate v, (SO,)* bending vibrations; a weak

band at 333 cm™ may be as-

sociated with v U-O_ vibration
(Kampf et al. 2022). Medi-
[ um-intensity bands at 240 and
' 197 cm™ are related to the v,
(UO,)** doubly degenerate
bending vibrations; weak
bands at 164 and 111 cm
may be attributed to O_-U-O_,
bending vibrations (Ohwada
1976), U-Oeq-ligand stretching
modes (Bullock, Paret 1970;
Ohwada 1976; PIlasil et al.
2010), UO,* translations and
rotations and external lattice
vibration modes (Plasil et al.
2010; Kampf et al. 2018).

Infrared spectroscopy

The infrared vibrational
spectrum of chenowethite
was recorded by the atte-

I
: NH,” groups
| 1412 /.,ﬁ
ammoniozippeite™ E \ |'
] |
/\\ i | ® j
—J\ \H__ : B _,_,/\__ b - ?‘_, llnllln\/\/_\
i £
I
I
3 i
= ]
M 1
_E ]
[=] 1
w ]
=] 1
< :
sample B |
]
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I
!
]
]
]
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]
sample A |
[}
4000 3000 2000 1500 1000 500

Wavenumbers (cm™)

Fig. 6 Infrared spectra for chenowethite from Jachymov (split at 2000 cm™) compared
to the spectrum of ammoniozippeite* from Jachymov (Sejkora et al. 2023).

nuated total reflection (ATR)
method with a diamond cell
on a Nicolet iS5 spectrome-
ter. Spectra over the 4000 -

Table 5 Tentative assignment of infrared spectra of chenowethite from Jachymov

sample A sample B tentative assignment
[cmT] [em™]
3519 3498
3427 3422
v O-H stretch of hydrogen bonded water molecules
3346 3339
3247 3243
1634 1631 v, bend of hydrogen bonded water molecules
11 117
8 8 v, antisymmetric stretch of (SO,)*
1118 1118
1042 104
0 048 v, symmetric stretch of (SO,)*
1004 1006
922 920 v, antisymmetric stretch of (UO,)**
801 806 v, symmetric stretch of (UO,)** and/or libration mode of H,O
650 653 v, bend of (SO, )*
607 606
586 585 v, bend of (SO, )* and/or libration mode of H,0
460 460 v, bend of (SO, )*
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400 cm range were obtained by the co-addition of 64
scans with a resolution of 4 cm™ and a mirror velocity
of 0.4747 cm/s. Spectra were co-added to improve the
signal-to-noise ratio.

The IR spectrum of chenowethite has not been pu-
blished yet. The full-range spectra of samples from
Jachymov are given in Figure 6, and the tentative
assignment is in Table 5; both spectra are close to each
other and in the following text, we discuss the data for
sample A. The experimental spectra confirm the absence
of NH," groups (characteristic band about 1400 cm™) in
the studied samples (Fig. 6). Strong and broad infrared
bands at 3519, 3427, 3346 and 3247 cm are assigned to
the v O-H stretching vibration of hydrogen-bonded water
molecules, according to Libowitzky (1999) correlation fun-
ction, O-H---O hydrogen bond lengths vary approximate-
ly from 2.9 to 2.71 A. A medium-strong infrared band at
1634 cm™ is attributed to the v, H,O bending vibration of
water molecules. Infrared bands at 1186 and 1118 cm"
are assigned to the split triply degenerate v, (SO,)* an-
tisymmetric stretching vibrations, and those at 1042 and
1004 cm™ to the v, (SO,)> symmetric stretching vibrati-
ons. A strong infrared band at 926 cm™ is attributed to
v, (UO,)** antisymmetric stretching vibrations, calculated
uranyl U-O bond length (Bartlett, Cooney 1989) 1.77 A is
comparable with bond lengths from the X-ray data (Kampf
et al. 2022). The medium-strong infrared band at 801 cm
may be connected with v, (UO,)?** symmetric stretching
vibration and/or libration mode of H,O molecules (Kam-
pf et al. 2018); the later assignment is more probable,
the calculated bond length (Bartlett, Cooney 1989) 1.81
A does not correspond to bond length from X-ray data
very well. Weak and medium strong bands at 650, 607
and 586 cm' are attributed to the split triply degenerate
v, (S0O,)* bending vibrations, and the band at 586 cm
may also be connected with the libration mode of water
molecules (Sejkora et al. 2023). A weak infrared band at
460 cm™ is related to the doubly degenerate v, (SO,)*
bending vibration.

Conclusion

Very rare Mg uranyl sulphate, chenowethite, was de-
termined from specimens from the Jachymov ore district
(Czech Republic) by X-ray powder diffraction and electron
microprobe analyses. The molecular structure of this we-
I-defined sample can be better constrained using vibra-
tional spectroscopy. Raman and infrared spectroscopy
confirmed the presence of molecular water, uranyl and
sulphate units in its crystal structure.
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