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Abstract

We have undertaken a study of the rare ammonium uranyl sulphate mineral, ammoniozippeite, from the Jáchymov 
ore district, Krušné hory Mountains (Czech Republic). It has been found on a few specimens and forms rich crystalline 
aggregates in thin cracks of supergene altered rocks with uraninite veinlets in association with gypsum. Its radially 
arranged aggregates are composed by well-developed flattened acicular crystals up to 1 mm in length. Ammoniozip-
peite is bright yellow and locally even yellow-orange with pale yellow streak and fluoresces yellow, weak or dull under 
254 nm and 366 nm UV-radiation, respectively. Ammoniozippeite crystals are transparent to translucent and have 
an intensive vitrous luster. It is a very brittle and at least one system of perfect cleavage (along {010}) was observed. 
The quantitative chemical analyses of ammoniozippeite agree well with the proposed ideal composition and corre-
spond to the following empirical formula [(NH4)1.96K0.11]Σ2.07[(UO2)2(SO4)1.98O2.06]·H2O (on the basis of 2 U atoms pfu). 
Ammoniozippeite is orthorhombic, the space group Ccmb, with the unit-cell parameters refined from X-ray powder 
diffraction data: a 8.7862(13), b 14.1579(19), c 17.162(2) Å and V 2134.8(4) Å3. Vibrational (Raman and infrared) 
spectroscopy documented the presence molecular water, ammonium, uranyl and suphate units in the crystal structure 
of ammoniozippeite.
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Introduction

The discovery of the first yellow earthy uranyl sulfate, 
most probably of the zippeite group, was made by John 
(1821) during his study of uranium minerals from Jáchy-
mov (St. Joachimsthal), Czech Republic. The mineral 
name zippeite was introduced later by Haidinger (1845), 
who applied it to the material studied by John. Despite 
recognition of zippeite almost one century ago, this uranyl 
sulfate remains poorly characterized. Until 1976, it was 
accepted that zippeite is a hydrated uranyl sulfate mineral 
with the uranium-to-sulfur molar ration equal to 2 devoid 
of cations. Frondel et al. (1976) analyzed natural and 
synthetic zippeite minerals, found contents of mono- and 
divalent cations and distinguished K, Na, Mg, Ni, Co and 
Zn end members. Details of the structures and chemistry 
of the zippeite-group minerals remained unknown. 

Later, crystal structures of two synthetic members of 
zippeite group were published - zinczippeite (Spitsyn et 
al. 1982) and zippeite (Vochten et al. 1995). Burns et al. 
(2003) provided a complete crystallographic study based 
on the synthetic analogues of the zippeite-group mine-
rals. Zippeites (mono- and divalent) are of monoclinic 
symmetry, mostly belonging to the C2/m space group (in-
cluding those containing Mg2+, Co2+, Ni2+, Zn2+ and one of 
the synthetic NH4

+ zippeites), C2 (zippeite), P21/n (natro-
zippeite), P21/c (a second synthetic Mg2+ member) and 
orthorhombic Cmca (a second synthetic NH4

+ zippeite). 

Brugger et al. (2003) described a new Mg-domi-
nant mineral species marécottite with triclinic symmetry 
(P-1) and zippeite-type sheets in the crystal structure 
and reported the redefinition of magnesiozippeite (C2/m); 
crystal structure of marécottite was refined by Plášil and 
Škoda (2015). Brugger et al. (2006) published crystal 
structure data for pseudojohannite, a new mineral spe-
cies from Jáchymov (Ondruš et al. 2003c), and inferred 
its triclinic symmetry (P1 or P-1), later its crystal structure 
was refined in the space group P-1 by Plášil et al. (2012) 
and Plášil (2015). Peeters et al. (2008) reported crystal- 
lographic data for synthetic zippeites with mixed cationic 
site (K+ with Mn2+, Co2+, Ni2+ and Zn2+) and introduced the 
important idea that potassium content in zippeite can be 
variable.

In following years, Plášil et al. (2011b, 2013) determi-
ned crystal structure of natural zippeite (monoclinic C2/m) 
and magnesiozippeite (monoclinic C2/m); the first mem-
ber with trivalent cation (Y3+) was described by Plášil et 
al. (2011a) as a new mineral sejkoraite-(Y) (triclinic P-1); 
crystal structure of triclinic (P-1) Ca-dominant member, 
rabejacite, was solved (Plášil et al. 2014), the first K-Mn 
member was described by Plášil et al. (2017) as a new 
mineral plavnoite (monoclinic C2/c); the NH4-Mn member 
was described as a new mineral redcanyonite by Olds 
et al. (2018); and finally Kampf et al. (2018) published 
as a new mineral, orthorhombic (CCmb) NH4

+ dominant 
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Table 1 Overview of the symmetry, space group and ideal chemical formulae of the members of zippeite-group
mineral reference ideal formula symmetry SG
zippeite Plášil et al. (2011b) K2[(UO2)4O2(SO4)2(OH)2](H2O)4 monoclinic C2/m
magnesiozippeite Plášil et al. (2013) Mg[(UO2)2O2(SO4)](H2O)3.5 monoclinic C2/m
zinczippeite* Burns et al. (2003) Zn[(UO2)2(SO4)O2](H2O)3.5 monoclinic C2/m
cobaltzippeite* Burns et al. (2003) Co[(UO2)2(SO4)O2](H2O)3.5 monoclinic C2/m
redcanyonite Olds et al. (2018) (NH4)2Mn[(UO2)4O4(SO4)2](H2O)4 monoclinic C2/m
plavnoite Plášil et al. (2017) K0.8Mn0.6[(UO2)2O2(SO4)]·3.5H2O monoclinic C2/c
natrozippeite* Burns et al. (2003) Na5[(UO2)8(SO4)4O5(OH)3](H2O)12 monoclinic P21/n
marécottite Plášil, Škoda (2015) Mg3[(UO2)4O3(OH)(SO4)2]2(H2O)28 triclinic P-1
pseudojohannite Plášil (2015) Cu3(OH)2[(UO2)4O4(SO4)2](H2O)12 triclinic P-1
sejkoraite-(Y) Plášil et al. (2011a) Y3(OH)2[(UO2)8O7OH(SO4)4](H2O)24  triclinic P-1
rabejacite Plášil et al. (2014) Ca2[(UO2)4O4(SO4)2](H2O)8 triclinic P-1
ammoniozippeite Kampf et al. (2018) (NH4)2[(UO2)2(SO4)O2]·H2O orthorhombic Ccmb

Asterisks (*) at mineral name indicate data of synthetic analogues of natural members.

member, ammoniozippeite. A short overview of members 
of the zippeite group is given in the Table 1. It should be 
noted that the zippeite group has not yet been formally 
approved by the CNMNC of IMA following the rule of Mills 
et al. (2009).

Ammoniozippeite was described by Kampf et al. 
(2018) as a new mineral from the Blue Lizard mine, San 
Juan Co. (Utah) and the Burro mine, San Miguel Co. 
(Colorado), both USA. Other its occurrences are repor-
ted (https://www.mindat.org/min-52182.html) from France 

Fig. 1 Rich crystalline aggregate 
of amonniozippeite in thin cracks 
of supergene altered rock from 
Jáchymov; field of view 4.2 mm; 
photo J. Sejkora.

Fig. 2 Radially arranged aggrega-
te of flattened acicular crystals 
of ammoniozippeite from Jáchy- 
mov; field of view 2 mm; photo 
J. Sejkora.
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(Mas d´Alary), Germany (Menzenschwand, Kleinrücker-
walde) and Hungary (Kövágószölös) but without any ana-
lytical data. This paper aims to summarize results of the 
complex mineralogical study including Raman and infra-
red spectroscopy of this rare ammonium uranyl sulfate 
mineral on the base of finds of well-crystallized samples 
in the Jáchymov ore district, Czech Republic.

Occurrence and specimen description

Ammoniozippeite was found on specimens origi-
nating from the Jáchymov ore district (formerly St. Joa-
chimsthal), Krušné hory Mountains, approximately 20 km 
north of Karlovy Vary, northwestern Bohemia, Czech Re-
public. Material probably originates from the level 180 m 
of the Rovnost mine or the level 90 m of the Jiřina mine 
located in the central part of this ore district (Škácha et 
al. 2019).

The Jáchymov 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 the envelope of a Variscan granite pluton. The majority 
of the ore minerals were deposited during the Variscan 
mineralizing epoch from mesothermal fluids (Ondruš et 
al. 2003a,b,d). Primary and supergene mineralization in 
this district resulted in extraordinarily varied associations; 
more than 440 mineral species have been reported from 
there (Ondruš et al. 1997a,b and 2003c,d; Hloušek et al. 
2014; Škácha et al. 2019).

Ammoniozippeite has been found on a few speci-
mens and forms rich crystalline aggregates (Fig. 1) in thin 
cracks of supergene altered rocks with uraninite veinlets 
in association with gypsum. Its radially arranged aggre-
gates are composed by well-developed flattened acicular 
crystals up to 1 mm in length (Fig. 2). The mineral is bright 
yellow and locally even yellow-orange with pale yellow 
streak. Fluorescence of ammoniozippeite is yellow, weak 
or dull under 254 nm and 366 nm UV-radiation, respecti-
vely. Crystals are transparent to translucent and have an 
intensive vitrous luster. Mineral is very brittle and at least 
one system of perfect cleavage (probably along {010}) 
was observed.

Chemical composition 

Samples of ammoniozippeite were analysed with 
a Cameca SX-100 electron microprobe (National Museum,
Prague) operating in the wavelength-dispersive mode 
with an accelerating voltage of 15 kV, a specimen current 
of 5 nA, and a beam diameter of 20 μm. The following 

Table 2 Chemical composition of ammoniozippeite (wt. %)
Jáchymov Burro mine Blue Lizard mine ideal
this paper Kampf et al. (2018) Kampf et al. (2018) composition

mean range (n = 11) mean range (n = 5) mean range (n = 4)
(NH4)2O 7.19 6.58 - 7.95 7.29 6.96 - 7.76 7.36 6.88 - 7.64 7.21
Na2O 0.13 0.04 - 0.14 0.19 0.05 - 0.33
K2O 0.72 0.58 - 0.85 0.43 0.36 - 0.51
SO3 11.03 10.48 - 11.63 11.45 10.80 - 12.44 11.00 10.61 - 11.37 11.09
UO3 80.64 78.18 - 82.23 81.10 79.24 - 84.24 81.90 79.69 - 85.04 79.21
H2O* 2.54 2.56 2.56 2.49
total 102.11 102.53 103.44 100.00
H2O* calculated on the base of ideal content of one water molecule pfu.

lines and standards were used: Kα: BN (N), celestine (S), 
sanidine (K) and Mα: UO2 (U). Peak counting times (CT) 
were 200 s for nitrogen and 20 s for other elements; 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, Co, Cr, Cu, Fe, Mg, Mn, Mo, Na, Ni, P, Pb, Si, 
Sr, V, Y and Zn were also measured, but always found to 
be below the detection limits (about 0.05 - 0.10 wt. %). 
The collected data were manually corrected for the partial 
overlap of the NKα peak with an unidentifiable U line (U 
N4-N6 according Kampf et al. 2018); pure UO2 generated 
false content of 2.15 wt. % (NH4)2O. Overlap KKα - UMβ1 
was corrected automatically (standard UO2, intensity 3.54 
cps/nA). Water content could not be analysed directly 
because of the minute amount of material available. The 
H2O content was confirmed by infrared spectroscopy and 
calculated by stoichiometry of ideal formula. The high 
totals could be result of H2O loss under vacuum in the 
EPMA chamber.

Chemical composition of studied sample (Table 2) 
agrees very well with the ideal formula of ammoniozip-
peite (NH4)2[(UO2)2(SO4)O2]·H2O and published analyses 
of this mineral phase from type localities (Kampf et al. 
2018). The cationic sites are occupied by dominant NH4

+ 
with minor contents of K (up to 0.13 apfu). The empirical 
formula of ammoniozippeite (mean of 11 analyses) on the 
basis of 2 U atoms pfu is [(NH4)1.96K0.11]Σ2.07[(UO2)2(SO4)1.98 
O2.06]·H2O. In comparison with the type material (Kampf et 
al. 2018), we observed slightly increased contents of K in 
ammoniozippeite from Jáchymov.

X-ray powder diffraction

Powder X-ray diffraction data were collected on a Bru-
ker D8 Advance diffractometer (National Museum, Pra-
gue) with a solid-state 1D LynxEye detector using CuKα 
radiation and operating at 40 kV and 40 mA. The powder 
pattern was collected using Bragg-Brentano geometry in 
the range 2.5 - 70° 2θ, in 0.01° steps with a counting time 
of 20 s per step. Positions and intensities of reflections 
were found and refined using the PearsonVII profile-sha-
pe function with the ZDS program package (Ondruš 1993) 
and the unit-cell parameters were refined by the least
-squares algorithm implemented by Burnham (1962). The 
experimental powder pattern was indexed in line with the 
calculated values of intensities obtained from the crystal 
structure of ammoniozippeite (Kampf et al. 2018), based 
on Lazy Pulverix program (Yvon et al. 1977). 
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The peak positions in experimental X-ray powder 
patterns (Table 3) agree well with data published for am-
moniozippeite from type locality (Kampf et al. 2018) as 
well as with those calculated from the crystal structure of 
this mineral. The observed significant differences in inten-
sities of individual diffraction maxima are due by the by 
strong preferred orientation effects due to {010} perfect 
cleavage. The refined unit-cell parameters, compared 
with published data, are given in the Table 4.

Raman spectroscopy
The Raman spectra of studied sample were collec-

ted in the range 4000 - 50 cm-1 using a DXR dispersive 
Raman Spectrometer (Thermo Scientific) mounted on a 
confocal Olympus microscope. The Raman signal was 
excited by an unpolarised red 633 nm He-Ne gas laser 
and detected by a CCD detector. The experimental para-
meters were: 50x objective, 10 s exposure time, 100 ex-
posures, 25 μm pinhole spectrograph aperture and 8 mW 
laser power level. The spectra were repeatedly acquired 
from different grains in order to obtain a representative 
spectrum with the best signal-to-noise ratio. The eventual 
thermal damage of the measured point was excluded by 
visual inspection of excited surface after measurement, 
by observation of possible decay of spectral features in 
the start of excitation and checking for thermal downshift 
of Raman lines. The instrument was set up by a software-
controlled calibration procedure using multiple neon emi-
ssion lines (wavelength calibration), multiple polystyrene 
Raman bands (laser-frequency calibration) and standar-
dized white-light sources (intensity calibration).

Spectral manipulations were performed using the 

Omnic 9 software (Thermo Scientific). Gaussian/Lorent-
zian (pseudo-Voigt) profile functions of the band-shape 
were used to obtain decomposed band components of 
the spectra. The decomposition was based on the mini-
mization of the difference in the observed and calculated 
profiles until the squared correlation coefficient (r2) was 
greater than 0.995.

Ammoniozippeite, (NH4)2[(UO2)2(SO4)O2]·H2O, is an 
orthorhombic uranyl-containing mineral, the space group 
Ccmb, Z = 8. In the asymmetric part of the unit cell, there 
are one U site, occupied by U6+, one S site, occupied by 
S6+ and three symmetrically independent sites occupied 
by two NH4

+ groups and one water molecule bonded by 
hydrogen bonds. The crystal structure of ammoniozippei-
te contains edge-sharing zig-zag chains of UO7 penta-
gonal bipyramids linked by sharing corners with (SO4)

2- 
groups, yielding a [(UO2)2(SO4)O2]

2- sheet based on the 
zippeite-type topology. The interlayer region contains two 
NH4

+ groups and one H2O group, statistically distributed 
over three sites (Kampf et al. 2018).

Molecular water (C2v symmetry) is characterized by 
three fundamental n1 (A1) symmetric stretching OH vib-
rations (~3657 cm-1), n2 (d H2O) (A1) bending vibrations 
(~1595 cm-1) and n3 (B1) antisymmetric stretching OH 
(~3756 cm-1) vibrations. All vibrations are Raman and in-
frared active. Their wavenumbers are influenced by for-
mation of hydrogen bonds. At wavenumbers lower than 
1100 cm-1, libration modes of water molecules may be ob-
served (Čejka 1999; Nakamoto 2009). A free tetrahedral 
ammonium group, NH4

+ (Td symmetry) is characterized 
by four normal vibration modes (Nakamoto 2009): the n1 
symmetric stretching vibration, Raman active (~3040 cm-1), 

Table 3 X-ray powder diffraction data of ammoniozippeite from Jáchymov
dobs Iobs dcalc h k l dobs Iobs dcalc h k l dobs Iobs dcalc h k l

8.608 1.62 8.581 0 0 2 2.2247 0.67 2.2247 0 4 6 1.7158 0.14 1.7162 0 0 10
7.094 100.00 7.079 0 2 0 2.1966 0.22 2.1966 4 0 0 1.6977 0.34 1.6981 2 2 9
5.641 0.11 5.632 1 1 2 2.1448 0.22 2.1452 0 0 8 1.6907 0.17 1.6917 4 2 6
5.470 1.29 5.461 0 2 2 2.1408 0.17 2.1409 2 0 7 1.6675 0.14 1.6679 0 2 10
4.293 1.34 4.290 0 0 4 2.1281 0.06 2.1279 4 0 2 1.6343 0.14 1.6338 3 7 2
4.263 0.50 4.256 2 0 1 2.0979 0.20 2.0979 4 2 0 1.6073 0.11 1.6078 4 6 0
3.671 0.53 3.669 0 2 4 2.0654 0.25 2.0637 2 6 1 1.5777 0.20 1.5779 2 8 3
3.649 0.25 3.647 2 2 1 2.0503 0.25 2.0492 2 2 7 1.5681 0.11 1.5682 2 4 9
3.542 27.70 3.539 0 4 0 2.0368 0.11 2.0379 4 2 2 1.5631 0.08 1.5631 4 4 6
3.486 1.32 3.484 2 0 3 1.9538 0.53 1.9538 2 6 3 1.5456 0.11 1.5442 0 4 10
3.274 0.76 3.272 0 4 2 1.8661 0.20 1.8664 4 4 0 1.5427 0.08 1.5422 1 9 1
3.128 1.54 3.126 2 2 3 1.8324 0.08 1.8318 2 4 7 1.5342 0.31 1.5361 1 7 7
2.861 3.50 2.860 0 0 6 1.8241 0.11 1.8237 4 4 2 1.5050 0.14 1.5050 0 8 6
2.732 0.17 2.730 0 4 4 1.8201 0.31 1.8202 0 6 6 1.4296 0.17 1.4290 6 2 1
2.723 0.17 2.721 2 4 1 1.7697 1.57 1.7697 0 8 0 1.4178 0.08 1.4186 6 0 3
2.653 1.26 2.652 0 2 6 1.7490 0.31 1.7492 2 0 9 1.4155 0.14 1.4158 0 10 0

2.4833 0.50 2.4830 2 4 3 1.7434 0.11 1.7421 4 0 6 1.4047 0.08 1.4052 2 6 9
2.3601 4.00 2.3597 0 6 0 1.7338 0.20 1.7333 0 8 2 1.4013 0.17 1.4015 4 6 6

Table 4 Unit-cell parameters for ammoniozippeite (for orthorhombic space group Ccmb)
a [Å] b [Å] c [Å] V [Å3]

Jáchymov this paper 8.7862(13) 14.1579(19) 17.162(2) 2134.8(4)
Burro mine1 Kampf et al. (2018) 8.7944(3) 14.3296(7) 17.1718(12) 2164.0(2)
Burro mine2 Kampf et al. (2018) 8.812(3) 14.351(5) 17.204(5) 2175.6(12)
synthetic3 Burns et al. (2003) 8.7748(5) 14.2520(9) 17.1863(10) 2149.3(2)
Burro mine1 - single crystal data; Burro mine2 - X-ray powder diffraction data; synthetic3 SZIPPNH4II with ideal 
formula (NH4)2[(UO2)2(SO4)O2].
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Table 5 Tentative assignment of Raman spectrum of ammoniozippeite from Jáchymov
position FWHH Irel. Irel. Burro mine* tentative assignment

[cm-1] [cm-1] height area     [cm-1]
3529 47 0.2 0.3 n O-H stretch of hydrogen bonded water molecules
3158 201 0.7 4.0 n O-H stretch of hydrogen bonded water molecules;

n1, n3 N-H stretch of NH4
+ groups2918 139 1.1 6.0

1604 85 1.8 8.3 n2 bend of hydrogen bonded water molecules
1446 58 0.9 1.7

n4 bend of NH4
+ groups1345 115 1.1 3.6 1390 w

1101 29 33.6 34.0 1120 vw
n3 antisymmetric stretch of (SO4)

2-
1077 26 14.4 12.8 1098 vw
1016 9 80.3 25.4 1013 m

n1 symmetric stretch of (SO4)
2-

1005 11 7.2 2.7
845 13 96.0 39.7 846 m

n1 symmetric stretch of (UO2)
2+831 25 98.1 91.7 826 vs

806 m
669 12 9.6 4.0 664 vw

n4 bend of (SO4)
2-

608 vw
553 41 10.2 14.2 libration mode of H2O508 55 13.6 26.2 508 w
465 23 16.5 14.1 461 m

n2 bend of (SO4)
2-

446 27 35.8 36.6
406 24 100.0 100.0 406 s
394 6 13.9 2.8
370 33 12.5 14.4 368 w
333 12 3.5 1.4 327 w nrotational of NH4

+ groups
288 13 3.5 1.6 283 w

n2 bend of (UO2)
2+

273 38 38.6 56.0 268 w
213 m

lattice and other modes

196 35 13.3 17.0 203 m
162 27 8.5 8.0
150 12 79.2 33.6 148 s
125 16 14.7 7.9
98 9 3.6 1.1
77 11 13.6 5.3
65 14 3.4 1.7

Irel. calculated from peak height and band area; * Kampf et al. (2018).

the n2 doubly degenerate bending vibration, Raman acti-
ve (~1680 cm-1), the n3 triply degenerate stretching vibra-
tion, Raman and infrared active (~3145 cm-1) and n4 triply 
degenerate bending vibration, Raman and infrared active 
(~1400 cm-1).  

A free uranyl cation, (UO2)
2+, Dµh point-group symme-

try, is, in general, characterized by three fundamental 
vibration modes: the n1 symmetric stretching vibration, 
Raman active (900 - 750 cm-1), the n2 (d) doubly degen-
erate bending vibration, infrared active (300 - 200 cm-1), 

Fig. 3 Raman spectrum for 
ammoniozippeite from Já-
chymov (split at 2000 cm-1).
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and the n3 antisymmetric stretching vibrations, infrared 
active (1000 - 850 cm-1). The lowering of the ideal sym-
metry (due to crystal field and so on) may cause splitting 
of the n2 (d) vibration and Raman and infrared activation 
of all three vibrations (Čejka 1999; Nakamoto 2009). A 
free sulphate anion, (SO4)

2-, Td point-group symmetry, is 
characterized by four fundamental modes: the n1 sym-
metric stretching vibration, Raman active (~983 cm-1), 
the n2 (d) doubly degenerate bending vibration, Raman 
active (~450 cm-1), the n3 triply degenerate antisymmetric 
stretching vibration, Raman and infrared active, (~1105 
cm-1), and the n4 (d) triply degenerate bending vibration, 
Raman and infrared active (~611 cm-1). Td symmetry low-
ering may cause splitting of degenerate vibrations and 
Raman and infrared activation of all vibrations (Čejka 
1999; Nakamoto 2009).

The Raman spectrum of ammoniozippeite sample 
from Jáchymov, recently studied, is close to the published 
spectrum of ammoniozippeite from Burro Mine (Kampf et 
al. 2018). Our new Raman spectrum, however, offers a 
better resolution and includes also the region of vibrations 
of water molecules.

The full-range Raman spectrum of the studied mineral 
ammoniozippeite is given in Figure 3 and wavenumbers 
with assignments are given in Table 5. Bands of the very 
low intensity, located at 3529, 3158 and 2918 cm-1 (Fig. 
4a), are connected with the n OH stretching vibrations of 
hydrogen-bonded water molecules; bands at 3158 and 
2918 cm-1 along with n1 and n3 N-H stretching vibration 
from interlayer NH4

+ groups. According to the empirical re-
lation between energy of vibration and the corresponding 
bond length (Libowitzky 1999), O-H×××O hydrogen-bond 
lengths vary approximately in the range from 2.63 to 

Fig. 4 Results of the band component analysis in the Raman spectrum of ammoniozippeite from Jáchymov: a) 4000 - 
2500 cm-1; b) 1800 - 1200 cm-1; c) 1200 - 750 cm-1; d) 700 - 630 cm-1; e) 590 - 310 cm-1; f) 310 - 50 cm-1.
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2.95 Å. A very weak band at 1604 cm-1 (Fig. 4b) is at-
tributed to the n2 bending vibrations of water molecules. 
Very weak and broad bands at 1146 and 1345 cm-1 (Fig. 
4b) are related to the n4 bending vibration of NH4

+ groups.
A medium-intensity band with two components at 

1101 and 1077 cm-1 (Fig.4c) is assigned to the split tri-
ply degenerate n3 (SO4)

2- antisymmetric stretching vibra-
tions. A strong band at 1016 cm-1 with shoulder at 1005 
cm-1 (Fig. 4c) are attributed to the n1 (SO4)

2- symmetric 
stretching vibrations. Very strong band with component 
at 845 and 831 cm-1 (Fig. 4c) is assigned to the n1 (UO2)

2+ 
symmetric stretching vibrations, corresponding to U-O 
bond lengths in uranyl 1.77 - 1.78 Å (Bartlett, Cooney 
1989). The inferred U-O bond lengths for the uranyl ion 
are comparable with data derived from the X-ray studies 
for ammoniozppeite (1.778 - 1.786 Å, Kampf et al. 2018).

A weak band at 669 cm-1 (Fig. 4d) is connected with 
the split triply degenerate n4 (d) (SO4)

2- bending vibrati-

ons. Weak and broad bands at 553 and 508 cm-1 (Fig. 4e) 
may be connected with the libration mode of water mole-
cules. Medium-strong and strong bands at 446 and 406 
cm-1 with shoulders at 465, 394 and 370 cm-1 (Fig. 4e) are 
assigned to the split doubly degenerate n2 (SO4)

2- ben-
ding vibrations; a weak band at 333 cm-1 (Fig. 4e) may be 
associated with nrotational of NH4

+ group in interlayer (Heyns 
et al. 1987). 

A medium-intensity band with two components at 288 
and 273 cm-1 (Fig. 4f) is related to the n2 (UO2)

2+ doubly 
degenerate bending vibrations. A strong band at 150 cm-1 
and weak bands at 162, 125, 98, 77 and 65 cm-1 (Fig. 
4f) may be attributed to Oeq-U-Oeq bending vibrations (Oh-
wada 1976), U-Oeq-ligand stretching modes (Bullock, Pa-
ret 1970; Ohwada 1976; Plášil et al. 2010), ntranslational of 
NH4

+ groups (Heyns et al. 1987), UO2
2+ translations and 

rotations and external lattice vibration modes (Plášil et al. 
2010; Kampf et al. 2018).

Table 6 Tentative assignment of infrared spectrum of ammoniozippeite from Jáchymov
position Burro mine* tentative assignment

[cm-1] [cm-1]
3570 ms

n O-H stretch of hydrogen bonded water molecules3525 ms ~3525 ms
3215 ms ~3190 vs

n O-H stretch of hydrogen bonded water molecules;
v3 N-H stretch of NH4

+ groups3044 ms ~3040 s
2835 ms ~2700 ms
1607 ms 1626 w n2 bend of hydrogen bonded water molecules
1412 s 1408 vs n4 bend of NH4

+ groups
1132 s 1138 w

n3 antisymmetric stretch of (SO4)
2-1099 s 1120 s

1066 vs 1065 s
1008 w

n1 symmetric stretch of (SO4)
2-

993 w
883 vs 933 vs n3 antisymmetric stretch of (UO2)

2+

846 ms
n1 symmetric stretch of (UO2)

2+ and/or libration mode of H2O815 s 832 ms
670 w

n4 bend of (SO4)
2-

620 ms
583 ms libration mode of H2O532 w

* Kampf et al. (2018).

Fig. 5 Infrared spectrum for 
ammoniozippeite from Já-
chymov (split at 2000 cm-1).
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Infrared spectroscopy

The infrared vibrational spectrum of ammoniozippei-
te was recorded by the attenuated total reflection (ATR) 
method with a diamond cell on a Nicolet iS5 spectrome-
ter. Spectra over the 4000 - 400 cm-1 range were obtained 
by the co-addition of 64 scans with a resolution of 4 cm-1 
and a mirror velocity of 0.4747 cm/s. Spectra were co-ad-
ded to improve the signal-to-noise ratio.

Infrared spectra of ammoniozippeite from Blue Lizard 
mine and Burro mine (both USA) were recently published 
by Kampf et al. (2018); our experimental spectrum of 
sample from Jáchymov is very similar especially to pu-
blished spectrum for sample from Blue Lizard mine. The 
full-range spectrum is given in Figure 5 and its tentative 
assignment in Table 6. Strong and broad infrared bands 
at 3570, 3525, 3215, 3044 and 2835 cm-1 are assigned to 
the n O-H stretching vibration of hydrogen bonded water 
molecules, part of these bands between 3300 - 2600 cm-1 
also to n3 N-H stretching vibrations of NH4

+ group.  Accor-
ding to Libowitzky (1999) correlation function, O-H×××O 
hydrogen bond lengths vary approximately from 3.1 to 
2.6 Å. A medium infrared band at 1607 cm-1 is attributed 
to the n2 H2O bending vibration of water molecules and 
strong band at 1412 cm-1 to n4 bending vibration of NH4

+ 
groups in the interlayer.

Infrared bands at 1132, 1099 and 1066 cm-1 are assig-
ned to the split triply degenerate n3 (SO4)

2- antisymmetric 
stretching vibrations. We do not obseved bands corre-
sponding to the n1 (SO4)

2- symmetric stretching vibra-
tion; Kampf et al. (2018) stated for sample from Burro 
mine weak bands at 1008 and 993 cm-1. Strong infrared 
band at 883 cm-1 with shoulder at 815 cm-1 are attributed 
to  n3 (UO2)

2+ antisymmetric and n1 (UO2)
2+ symmetric 

stretching vibrations, respectively. Coincidences with 
the libration mode of H2O molecules are also possible 
around 830 cm-1 (Kampf et al. 2018). Calculated uranyl 
U-O bond lengths using the empirical relation given by 
Bartlett, Cooney (1989) 1.797 (n3) and 1.796 (n1) Å are 
comparable with bond lengths 1.778 - 1.786 Å measured 
from the X-ray data (Kampf et al. 2018). Weak and me-
dium strong bands at 670 and 620 cm-1 are connected 
with the split triply degenerate n4 (SO4)

2- bending vibra-
tions. Medium strong and weak bands at 583 and 532 
cm-1 may be connected with the libration mode of water 
molecules.

Conclusion

Very rare member of zippeite-group minerals, am-
moniozippeite, was determined in the material from the 
Jáchymov ore district (Czech Republic) by X-ray powder 
diffraction and electron microprobe analyses. Molecular 
structure of this well-defined sample can be better con-
strained using the vibrational spectroscopy. Raman and 
infrared spectroscopy confirmed the presence of mole-
cular water, ammonium, uranyl and suphate units in its 
crystal structure.
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