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ABSTRACT

Selenium is an important trace element. Its geochemical cycles involve various oxidation states, 
including Se2–, yet thermodynamic data for selenides are sparse. A general method for selenide ther-
mochemistry has been developed by using oxidative drop-solution calorimetry in a molten oxide sol-
vent. The samples are dropped from room temperature into molten sodium molybdate (3Na2O·4MoO3) 
solvent at 975 K, with oxygen bubbling through the melt to ensure rapid and complete conversion of 
selenide to dissolved selenate species. This method is analogous to that developed for sulfides (Deore 
and Navrotsky 2006). Complete dissolution of selenides is documented by furnace tests and visual 
inspection, and supported by consistent results for enthalpy. Enthalpies of formation (ΔfH°, kJ/mol) 
from the elements were determined for zinc selenide (ZnSe) (–169.94 ± 4.31 kJ/mol), cadmium sele-
nide (CdSe) (–139.04 ± 6.13 kJ/mol), and lead selenide (PbSe) (–99.26 ± 6.06 kJ/mol). These three 
ΔfH° values agree with previously published data, often obtained by less direct means. This is the 
first report of the enthalpy of formation of CdSe measured by any calorimetric method. For ZnSe, 
a more reliable ΔfH° value is proposed since prior data are quite scattered. The results confirm that 
oxidative drop-solution calorimetry is an available method for selenide thermochemistry. It should 
be applicable to binary and multinary selenides with large homogeneity ranges, to solid solutions, 
and to nanophase materials.
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INTRODUCTION

Selenides, along with other chalcogenides, form important 
classes of semiconductors and other technological materials. 
Though most binary selenides have simple crystal structures and 
narrow homogeneity ranges, ternary selenides show complexi-
ties in crystal structures and variations in homogeneity ranges 
(Neshkova and Havas 1983). There is recent interest in selenide 
nanoparticles as optically active quantum dot materials (Klein 
et al. 1997) and sensors (Patel et al. 1994). Such selenides have 
a size-dependent fluorescence spectrum, and they are finding 
application in optical devices like lasers (Toda et al. 1995) 
and laser-diodes (Beyer and Tacke 1998). In the geological 
context, selenides of Au, Ag, Bi, Pb, and other elements are 
trace minerals associated with gold ores (Ciobanu et al. 2006; 
Koneev et al. 2004). The diverse mineralogy of these selenides 
also suggests their potential value as petrogenetic indicators in 
ore deposits (John 2001). Oxidation of exposed selenide ore to 
the highly mobile selenate form is also an important problem in 
environmental science (Ahlrichs and Hossner 1989). Removal 
of Se from soils and water by microbial action is important 

in environmental microbiology (Dreher and Finkelman 1992) 
because excess Se can be toxic to both humans and animals (de 
Bruyn and Chapman 2007; Tinggi 2005). 

Selenium is an important trace element that commonly, but 
not always, is incorporated into sulfide and sulfate minerals. 
Umangite (Cu3Se2) is a Cu selenide mineral, discovered in 1891, 
whose occurrence is only in small grains intermixed with other 
Cu minerals of the sulfide group (Palache et al. 1944; Earley 
1950). Crookesite is a selenide mineral composed of Cu and Se 
with variable Th and Ag, whose chemical formula is reported 
either as Cu7(Tl,Ag)Se4 or (Cu,Tl,Ag)2Se (Bindi and Pratesi 
2005). Stilleite (ZnSe with Zincblende lattice structure) is found 
only as microscopic crystals associated with other selenides and 
sulfides (e.g., pyrite, umangite) (Ramdohr 1956). 

Despite this interest, thermochemical data for selenides and 
related materials are quite incomplete. The slow kinetics of dis-
solution and incomplete reaction in aqueous solvents present 
challenges for determining enthalpies of formation. Thus, many 
different thermodynamic methods (Olin et al. 2005) have been 
employed, but few are of general applicability. These include 
F-combustion calorimetry (O’Hare 1986), electrochemical de-
termination (Terpilowski and Ratajczak 1964; Gawel et al. 2002; 
Finch and Wagner 1960), vapor-pressure measurements (Sigai * E-mail: anavrotsky@ucdavis.edu


