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 Philip J. Elving and Joseph M. Markowitz University of Michigan Ann Arbor
 
 Chemistry of Solutions in Liquid Sulfur Dioxide
 
 As a solvent, liquid sulfur dioxide pop sesses interesting and potentially useful properties. It dissolves many inorganic compounds, has a much greater solubility for organic compounds than does water, and forms crystalline solvates with many solutes. Although its electrical conductivity in the pure state is low, its solutions are frequently good conductors. A variety of chemical reactions can be carried out in sulfur dioxide solution which have exact counterparts in other solvents; on the other hand, some reactions are peculiar to this solvent. Almost exclusively among useful solvents, liquid sulfur dioxide contains no hydrogen and no anions such as hydroxyl or halide. Its experimental manipulation, though more complicated than that of many other solvents, offersnoformidable difficulties. Though toxic, the substance is not especially dangerous since it is irrespirable and even minute concentrations in the atmosphere are easily detected. Sulfur dioxide is relatively easy to purify; it can be purchased in an anhydrous grade and need only be passed through sulfuric acid to remove traces of SO3and through P206 to remove traces of water.
 
 water. The conductivity of pure liquid sulfur dioxide is of the order of that of water; the conductivity of its solutions, though less than those of aqueous solutions, is still appreciable. Sulfur dioxide therefore falls into the class of what Jander (1) calls "water-like" solvents. Because of certain discrepancies in the literature, two of the constants presented in Table 1 require comment. The freezing point of -75.5'C, taken from the calorimetric work of Giauque and Stephenson (2), is certainly more nearly correct than the earlier value of Cady and Taft (3). This is important, inasmuch as an otherwise excellent and authoritative monograph (4) presents the earlier value (-72.7OC) with therecommendation that it be used as a criterion of purity. There is also variation in the reported values of the specific conductance of pure sulfur dioxide, which has been ascribed by Cruse (6) to the use of inferior conductometric equipment by early investigators and partly to traces of water in the sulfur dioxide samples studied. Cruse's data compare well with those of Lichtin, Bartlett, and Glazer (6, 7); adequate precautions appear to have been taken in both cases.
 
 General Properties of Liquid Sulfur Dioxide
 
 Solvent Properties of Liquid Sulfur Dioxide
 
 Table 1 lists values of properties of sulfur dioxide pertinent to its use as a solvent. Its melting to boiling point range makes liquid sulfur dioxide suitable for use as a solvent, while the low dielectric constant and the relatively larger molar volume indicate that its solvent properties will be much different from those of
 
 Soluiility. Inorganic substances are relatively insoluble in sulfur dioxide (cf. Table 2, adapted from a
 
 Table 1. Property
 
 Ion
 
 Properties of Sulfur Dioxide Temp., "C
 
 Value
 
 Reference
 
 5960 crtl/mole 1969.1 cal/mole 17.27 24.63 3-5 X 10-1 ohms-' 1-3 X 10-7 ohms-' 1.45 deg/mole
 
 Heat of vaporization Heat of fusion Dielectric constant Specific conductivity Molal ebullioscapie constant Viscosity
 
 0.0039 poise 0.0043 poise 1.46 263 .OU°K 197.64' K 1.46 =t0 . 0 2 A 122 zt 5 deg 129 + 4 deg 1163 mm 3.23 atm
 
 Specific gravity Boiling point Freezing point S O distance 04-0 angle Vapor pressuren
 
 a Giauque and Stephenson ( 8 ) present the following equation for the vapor pressure of liquid sulfur dioxide from 197.64" to 263.5'K:
 
 log P = -(1867.52/T)
 
 Table 2.
 
 -
 
 +
 
 0.015865T 0.000015574 Ta
 
 + 12.07540
 
 F-
 
 Solubilities of Some Inorganic Compounds in Liquid Sulfur Dioxide at 0°C (Millimoles per 1000 g of SOs) BrCI2.8 ins. 5.5 27.2 1.7 0.3 0.1 1.5 3.8 0.7
 
 I-
 
 SCN-
 
 SO1-- SO4--
 
 V.8.
 
 575.0 a
 
 Adapted from reference (1).
 
 similar one given by Jander (1)) . Certain regularities are evident in Table 2, the most striking being the variation among the alkali halogenides. Compounds such as aluminum chloride, which are ordinarily considered covalent, are considerably more soluble than salts having a typical ionic lattice. In fact, such substgnces as bromine, boron trichloride, carbon disulfide, iodine monochloride, and the various thionyl compounds are completely miscible with liquid sulfur dioxide (4). The group IV tetrahalogenides and liquid sulfur dioxide Volume 37, Number 2, February 1960
 
 /
 
 75
 
 are miscible in all proportions above some critical temperature which varies from compound to compound (8). Organic compounds are generally quite soluble in sulfur dioxide, the most notable exception being the saturated aliphatic hydrocarbons; this selective solubility in liquid sulfur dioxide is frequently utilized for separating aromatic from aliphatic hydrocarbons during the processing of crude oils. Iodoform is sparingly soluble; halogenated and nitrated aromatic compounds are very soluble. Alcohols, phenols, acids, and esters are all soluble, as are the basic compounds. In most cases, complete miscibility is possible. Water dissolves in sulfur dioxide, but the extent of its solubility has never been very accurately determined. Wickert (9) reported the existence of a compound, SO2.H2O,which remains as a stable residue upon the evaporation of sulfur dioxide from the solution of water in sulfur dioxide a t O°C. He also reported that the equilibrium solubility of water in liquid sulfur dioxide a t +22"C is 2.3 * 0.1 g per 100 g of solvent. Conductivity measurements indicate some degree of solubility a t temperatures lower than O°C (1,Q). Dissolved water strongly affects solubility of other substances, as well as the electrical properties of t,heir solutions; the direction of the change apparently varies with different materials (1). Highly colored solutions frequently result when fairly soluble substances are dissolved in liquid sulfur dioxide; exceptions are the alkyl ammonium chlorides and bromides, aromatic hydrocarbons, alcohols, acids and esters derived from saturated hydrocarbons, and bases such as acet,anilide. Most commonly, the solutions have a yellow color, regardless of the color or lack of color of the pure solute, indicating some similarity in the nature of the solvation phenomenon which occurs. Frequently, highly colored solutes exhibit a different color upon dissolution, e.g., iodine solutions are winered (1). Useful sources for detailed quantitative solubility data include the monographs by Walden (10) and by Jander (1) and references (8, 11, 12, 13). Soluate Formation. Sulfur dioxide forms stable solvates with many substances, analogous to the crystalline hydrates formed with water. These solvates have been studied in detail and the regularities encountered in the relationship between ionic size and the tendency to form solvates have been discussed (I, 14). The molar ratio of sulfur dioxide to adduct in the solvate is generally one of small whole numbers, but ratios as large as 14 have been reported (14). Generally, for inorganic salts the ability to form solvates parallels the solubility. Typical classes of compounds which form stable solvates include the alkali and alkaline earth metal iodides and thiocyanates, the alkali metal salts of fatty acids, tetraalkylammonium salts, and triarylmethyl halogenides. The solvates have a definite decomposition temperature a t atmospheric pressure; many of them are stable to temperatures as high as 80°C. The heats of solvation are generally smaller than those of the ammoniates and hydrates of the same solutes. Electrical Conductivity. The ability of sulfur dioxide solutions to conduct electric current is well known and has been extensively investigated (1, 10, 12, 15). 76
 
 /
 
 journal of Chemical Education
 
 The Ostwald dilution law is followed by strong electrolytes, but only a t extraordinary dilutions (1); a t such dilutions, the law of independent mobility of ions is also followed. Jander and Mesech (15) give the following order of ion mobility: SCN-
 
 < Br- < I-;
 
 N(CHaXC< K C < NH"
 
 < Rb+
 
 On the other hand, the order of increasing conductivity-and, therefore, dissociation-parallels the order of increasing cationic size: Na+ < NHI+ < K + < Rb+ < (CHa) ? ~ 1 ( , : 1 . ~ , 1%. 0 , Chrm. .Yews, 105, -IS7 - . , l-L-l-l-9,1. (57) WICKERT,K., Natumis~m~chaften, 26, 500 (1938). (58) WICEERT,K., Z. ElekBodLem., 44, 410 (1938). (59) VIERX,A. L., Z. amrg. Chem., 261,279 (1950). (60) LUCHINBKII, G. P., J . Phys Chem. (USSR), 12,280(1938). L. O., J . Chem. Phys., 3, (61) CROSS,P. C., AND BROCKWAY, 821 (1935).
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