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Abstract 
 
Raman spectra of the uranyl oxyhydroxy hydrated mineral compreignacite, 
K2[(UO2)3O2(OH)3]2.7H2O, were measured and interpreted. Observed bands were 
attributed to the stretching and bending vibrations of uranyl units, molecular water 
and hydroxyl ions. U-O bond lengths in uranyl and O-H…O hydrogen bond lengths 
were inferred from the spectra and compared with those from the X-ray single crystal 
structure data. The importance of this spectroscopic study rests with the ability to 
analyze very small amounts of mineral. 
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Introduction 
 

Uranyl, (UO2)2+, minerals, i.e. minerals of hexavalent uranium, are major 
constituents of oxidized deposits as primary minerals and as products of uraninite 
alteration 1-3 [and references therein]. Uranyl, (UO2)2+, minerals,  are also alteration-
induced phases in chemical reactions of uranium dioxide, UO2, and spent nuclear fuel, 
SNF, subjected to dissolution under oxidizing conditions, i. e. of hydration-oxidation 
weathering 4. 

 
Compreignacite is a very rare oxidation product of pitchblende in uranium 

deposits described first by Protas 5 and later by other authors 6-8.  Its chemical formula 
is K2[(UO2)3O2(OH)3]2.7H2O, Z= 2, orthorhombic, a 14.8591(7), b 7.1747(3), c 
12.1871(5) Å, space group Pnnm. Crystal structure of compreignacite was briefly 
described by Granger and Protas 9 and refined by Burns 4. Infrared spectrum of 
compreignacite without any detailed interpretation was published by Povarennykh 10-

12.  Raman and infrared spectra of synthetic K2U6O19.11H2O was presented by Dothée 
13,14 and reviewed by Čejka 15. The structure of compreignacite contains two 
symmetrically distinct U6+ as (UO2)2+ ions coordinated by two oxygens and three 
hydroxyls in the uranyl equatorial plane. Thus the uranyl coordination polyhedra in 
compreignacite are pentagonal dipyramids. These polyhedra share equatorial edges 
and corners to form sheets. These sheets are topologically identical to those in 
becquerelite, billietite, masuyite, protasite, richetite, and synthetic α-U3O8 2-4,16-19.  
One symmetrically distinct potassium cation and three symmetrically distinct water 
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molecules are located in the interlayer. Two of them are coordinated to K+, the 
remaining is held in the structure only by hydrogen bonds. K+ ion is coordinated by 
four uranyl oxygens and three water oxygens. Potassium polyhedra share a face thus 
forming a dimer K2O6(H2O)4. Additional linkage between the interlayer and the sheets 
is provided by hydrogen bonds 1,17. Compreignacite may be a key phase in 
determining the future mobility of radionuclides such as 137Cs and 135Cs under 
repository conditions, owing to the possibility of Cs+ ⇔ K+ substitution in the 
structure of compreignacite 1,17. Possible incorporation of actinide elements into the 
structure of compreignacite formed during the oxidation of spent nuclear fuel is also 
supposed 20,21. Compreignacite formation was observed during studied on uranium 
release and secondary phase formation in the process of unsaturated testing of UO2 at 
90 oC as implications for the corrosion of spent nuclear fuel 22-25.  Transformation of 
schoepite into becquerelite and compreignacite was studied by Sandino and Brambow 
26,27. Interaction of uranyl ions with synthetic zeolites of type A and the formation of 
compreignacite-like and becquerelite-like products was described by Brindley and 
Bastovanov 28. 
 

Raman spectroscopy has proven very useful for the study of minerals 29-48. 
Raman spectroscopy has proven most useful for the study of diagenetically related 
minerals as often occurs with uranyl minerals 42,43,46,47,49.  Some previous studies have 
been undertaken by the authors using Raman spectroscopy to study complex 
secondary minerals formed by crystallisation from concentrated sulphate solutions 50.  
Few Raman spectroscopic studies of uranyl minerals such as compreignacite have 
been forthcoming and what vibrational spectroscopic studies that are available are not 
new. Few Raman studies of any note are available 51,52. 
 

This paper describing Raman and infrared spectroscopy of compreignacite is 
part of systematic research of secondary minerals inclusive those containing uranyl 
cation which is held at our University.       
 
 
 
 
 
 
Experimental 
 
The mineral compreignacite 
 

The mineral samples of compreignacite were supplied by the Mineralogical 
research Company and originated from the margnac Mine, France.  The mineral was 
analysed by EDAX techniques for elemental analysis and for phase purity by X-ray 
diffraction.  
  
Raman microprobe spectroscopy 

 
The crystals of compreignacite were placed and orientated on the stage of an 

Olympus BHSM microscope, equipped with 10x and 50x objectives and part of a 
Renishaw 1000 Raman microscope system, which also includes a monochromator, a 
filter system and a Charge Coupled Device (CCD). Raman spectra were excited by a 
HeNe laser (633 nm) at a resolution of 2 cm-1 in the range between 100 and 4000  
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cm-1.  Repeated acquisition using the highest magnification was accumulated to 
improve the signal to noise ratio. Spectra were calibrated using the 520.5 cm-1 line of 
a silicon wafer. Previous studies by the authors provide more details of the 
experimental technique 40,42,43,47,49,53.  

 
 
It should be noted that because of the very small amount of sample supplied, it 

was not possible to run the infrared spectra of some of the sample. The amount of 
mineral available is of pin head size. This does show a major advantage of Raman 
spectroscopy in the study of uranium minerals is the ability to study very small 
amounts of mineral. Details of the technique have been published elsewhere by the 
authors 50,54-59. 
 
Results and discussion 
  

Raman spectra of compreignacite may be conveniently divided into sections 
according to the assignment of the Raman bands. Bands associated with (UO2)2+ 
stretching vibrations occur in the 800 to 1000 cm-1 region and bending modes are 
observed in the low wavenumber region. These bands are shown in Figure 1. The 
mineral compreignacite is a uranyl oxy hydroxide and the bands associated with OH 
units although of low intensity are found in the 1200 to 2000 cm-1 region as is shown 
in Figure 2. The OH stretching region is reported in Figure 3. 

 
There are two symmetrically distinct U6+ in the crystal structure of 

compreignacite and two structural formulas in the unit-cell, i.e. Z=2 17.  No bands 
related to the ν3 (UO2)2+ antisymmetric stretching vibration are observed in the Raman 
spectrum of compreignacite. Infrared bands at 892 cm-1 and 869 cm-1 are assigned to 
the ν3 (UO2)2+. Calculated U-O bond lengths in uranyl, according to empirical 
relations by Bartlett and Cooney 60, are (Å/cm-1 1.790/892 and 1.807/869. These U-O 
lengths are in agreement with structural data by Burns 4 average 1.804 Å and close to 
the value for natural and synthetic uranyl compounds as inferred for natural and 
synthetic compounds  ~1.8 Å by Burns 1,3,4,17. Raman bands at 848 and 824 cm-1 and 
infrared bands at 798 and probably also 778 cm-1 may be attributed to the ν1 (UO2)2+ 
symmetric stretching vibrations. These wavenumbers correspond  to calculated U-O 
bond lengths 601.764/848, 1.787/824, 1.813/798, and 1.834/778 Å/cm-1. However, 
because of low infrared intensity of bands assigned to the ν3 (UO2)2+ and relatively 
high intensity of infrared bands attributed to the ν1 (UO2)2+, bands at 798 and 778  cm-

1 may be more probably connected with the δ U-OH bending vibrations than those 
with the ν1 (UO2)2+. Raman bands at 1454, 1330, 1190, 1160, 1110, 1080, 1050, 1010 
cm-1 and infrared bands at 1518, 1489, 1190, 1160, 1110, 1080, 1050, 1010 and 975 
cm-1 are connected with the δ U-OH bending vibrations.  
 
 The δ U-OH bending vibrations and/or libration modes of water molecules are 
related to the Raman bands at 687 and 602 cm-1 and infrared bands at 778, 767, 694 
and 682 cm-1. From the crystal structure of compreignacite may be inferred that 
Raman band at 439 cm-1 is attributed to the ν U3O stretching vibration, at 253 cm-1 to 
the ν2 (δ) (UO2)2+ bending vibration, at 197 cm-1 to the γ U3(OH)3 bending vibration 
and/or δ U3(OH)3 bending vibrations and at 153 cm-1 to the UO2 translations. This 
assignment is based on Dothée’s papers 13,14,61,62. 
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 Raman bands at 3496, 3342, 3187 and 2903 cm-1 are assigned to the ν OH 
stretching vibrations of water molecules and hydroxyl ions. The δ H2O bending 
vibrations are observed at 1601 cm-1 (Raman) and 1605 cm-1 (infrared). According to 
Libowitzky [51], O-H…O hydrogen bond lengths are 2.89/3496, 2.77/3342, 2.7/3187 
and 2.64/2903 Å/cm-1 (Raman). Raman bands at 1952 and 1732 cm-1 and infrared 
bands at 1869 and 1790 cm-1 may be assigned to overtones and/or combination bands. 
 
Conclusions 
 

Raman spectra of compreignacite were measured and interpreted using the 
data from the Dothée’s papers 13,14,62. Bands related to the (UO2)2-, OH stretching 
vibrations and water bending vibrations were attributed. U-O bond lengths in uranyl 
were calculated using the wavenumbers of the ν1 and ν3 (UO2)2+ stretching vibrations 
with the Bartlett-Cooney‘s empirical relations 60. The values are in agreement with 
those inferred from the single crystal structure of compreignacite. Approximate O-
H…O hydrogen bonds were calculated with the Libowitzky empirical relation 63. 
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