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abstract

We report here for the first time low-temperature (123–295 K) electron paramagnetic resonance 
(EPR) spectroscopic data on naturally occurring calumetite [Cu(OH,Cl2)∙2H2O] from the Khetri cop-
per complex, Jhunjhunu district, Rajasthan, India. The sample was characterized by X-ray powder 
diffraction (XRD), differential thermal analysis (DTA), and thermogravimetric (TG) analysis tech-
niques. DTA scans show two endothermic reactions at about 378 and 598 K, which are attributed to 
dehydration of the sample. TG data indicate weight loss of up to 24 wt% in the temperature region 
between 600 and 700 K. The room-temperature EPR spectrum exhibits parallel and perpendicular 
components centered at g|| = 2.26 and g⊥ = 2.10, respectively. The evaluated spin-Hamiltonian pa-
rameters indicate that these resonance signals are characteristic of Cu2+ ions in distorted octahedral 
symmetry. The population difference (N) between the Zeeman levels has been evaluated and is found 
to increase with decreasing temperature.
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INtroductIoN

Mineralogical and spectroscopic studies of the copper chlo-
rides and related minerals have attracted attention because of 
the formation of these compounds in bronze corrosion as well 
as in painting pigments. Calumetite was first discovered in 
Calumet, Michigan, but has since been observed in other mines 
near the Calumet mine (Williams 1963). It was suggested that 
calumetite is not a post-mine evaporite because of the mode of 
occurrence. Calumetite is insoluble in ammonia and water, and 
soluble in cold dilute acids. Other copper minerals have been 
linked to calumetite and include copper, cuprite, malachite, 
atacamite, paratacamite, and buttgenbachite. Synthetic calume-
tite is prepared with ammonium chloride by means of the lime 
blue recipe. Calumetite as a pigment has been detected in the 
products of historical recipes for lime blue and occurs in corro-
sion products of bronze (Scott 2000) and hence has proven to 
be useful in preserving archaeological paintings on canvas and 
fresco (Christopher and Kurt 2003). Copper chloride is also used 
as a catalyst for synthesizing diethyl carbonate (Punnoose et al. 
2002; Xiong et al. 2009). To the best of our knowledge, there are 
no previous reports available in the literature on the thermal or 
electron spin spectroscopic properties of this mineral.

The distribution of paramagnetic ions on different sites in 
minerals can be easily determined by electron paramagnetic 
resonance (EPR), which has proven to be a sensitive and dis-
criminating spectroscopic technique (Pan et al. 2008; Kumar et 
al. 2009, 2010). In continuing our efforts in using this technique 
for understanding the short range structural parameters in hy-

drous minerals containing transition metal impurities (Kumar 
et al. 2009, 2010), we undertook a study of calumetite, a rare 
copper hydroxyl mineral, for the present investigation. EPR 
studies of Cu2+ ions in different mineral environments have been 
informative from both structural and catalytic aspects (Chao and 
Lunsford 1972). Samples with high-Cu content occur either as 
CuCl2 or as Cu2(OH)3Cl [paratacamite] (Leofanti et al. 2000). 
The former is a readily soluble Cu compound, not detectable 
by XRD owing to high dispersion of CuCl2. On the other hand, 
paratacamite is predominant in XRD patterns of samples with 
high-Cu concentrations. Leofanti et al. (2000) pointed out that 
traces of paratacamite in samples are products of slow hydrolysis 
of CuCl2, catalyzed by basic sites of the alumina surface. Blanco 
et al. (1973) compared EPR, solubility tests, and XRD results 
on a set of samples with Cu contents in the 0.8–10.5 wt% Cu 
range. They concluded that the species dominating in high-Cu 
content specimens is paratacamite. Low-temperature EPR spectra 
of CuCl2/activated carbon for different concentrations of Cu 
reveal two Cu2+ species: Cu2+-carbon and nanoclusters of CuCl2 
precipitated during impregnation (Punnoose et al. 2002). These 
studies on copper halides motivated us to examine the electron 
paramagnetic resonance in calumetite and also to understand its 
thermal behavior to better understand the thermal phase stability 
of this rare copper hydroxyl chloride mineral.

In this study, the temperature dependence of electron para-
magnetic resonance on the naturally occurring calumetite from a 
copper mine, Rajasthan, India, is reported with the motivation of 
understanding the resonance signals arising from the transition 
metal impurities present in calumetite, at room temperature and 
at low temperatures, and also to interconnect the site symmetry 
and oxidation states.* E-mail: jlrao46@yahoo.co.in


