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 POTENTIALS OF POTASSIUM CHLORIDETRANSFERENCE CELLS
 
 for the diphenylselenium dibromide* molecule. This similarity of molecular structure is in keeping with our observation that the dibromide forms solid solutions with the dichloride having the crystal form and structure of the pure dichloride. This is an interesting fact in view of the lack of isomoThism betWeen the two Pure crystalline sub-
 
 [CONTRIBUTION FROM
 
 THE
 
 513
 
 stances. An X-ray investigation of a solid solution having 50 mole % of each constituent present shows complete identity of structure with the dichloride. The observed Se-C1 distance is 2.30 * 0.05 A. and the CI-Se-Cl bond angle is 180 f 5". Los ANGELES,CALIFORNIA RECEIVED NOVEMBER 24, 1941
 
 CHEMISTRY DEPARTMENT, UNIVERSITY OF TORONTO]
 
 The Thermodynamics of Aqueous Solutions of Potassium Chloride at Temperatures from 1 5 4 5 ' from E. m. f. Measurements on Cells with Transference BY W. J. HORNIBROOK, G. J. JANZAND A. R. GORDON Of the thermodynamic investigations by the e. m. f. method of aqueous sodium and potassium chloride solutions, unquestionably the most accurate for the dilute range of concentrations have been those of MacInnes and his associates112who employed cells of the type Ag, AgCl/MCl(mi)//MCl(ma)/AgC1,Ag So far such cells with transference have been used only for 25'; recent determinations in this Laboratory of the transport numbers of potassium chloride3and of sodium chloride4for temperatures from 15-45' now permit similar measurements for temperatures other than 25". This paper gives the data for potassium chloride and provides (we believe) a satisfactory isotonic standard for dilute solutions for this temperature range. Moreover, thermal and heat capacity data may now be used as an independent check on the self-consistency of the results. Similar measurements on sodium chloride solutions are now under way; we hope to report them in the not too distant future.
 
 at a current of 0.7 ma., the electrolyte being a 10 g. p. 1. solution of potassium silver cyanide from which excess cyanide had been precipitated by addition of silver nitrate. After standing in concentrated ammonia and washing in water, the silver surface was chloridized anodically in tenth normal hydrochloric acid for twenty-five minutes at 0.7 ma. To obtain reproducible results we found it necessary during both plating and chloridizing t o have a uniform current density over the electrode; this was ensured by the design of the siphon leading into the vessel in which the electrolysis was being carried out. We also found it desirable to keep the solutions well stirred during the electrolyses. After chloridizing, the electrodes were allowed to stand in conductivity water (which was frequently replaced) for twenty-four hours, and then were kept until required in a twentieth molal solution of potassium chloride.
 
 P
 
 Experimental The cell, illustrated in Fig. 1, differs from that of Shedlovsky and MacInnes* only in the mounting of the electrodes. I n our cell, the electrodes are heavy disks of platinum, mounted horizontally in ground glass joints. The disks are about 1 cm. in diameter and 1 mm. thick; in this way, a rigid backing is provided for the active surface of the electrode, while a t the same time the electrodes can be silver-plated and chloridized outside the cell. The method of preparing the electrodes was essentially that of Brown and Mac1nnes.l The highly polished surface of the platinum was plated with silver for five hours (1) A. S. Brown and D. A. MacInnes, THISJOURNAL, 57, 1356 (1935). (2) T.Shedlovsky and D. A. MacInnes, (bid., 59, 503 (1937). (3) R. W. Allgood, D. J. Le Roy and A. R . Gordon, J. Ckem. Phys., 8,418 (1940). (4) R . W.Allgood and A. R. Gordon, to appear shortly.
 
 Fig. 1. The technique of filling the cell has been adequately described by Shedlovsky and MacInnese and need not be discussed here. The solutions were made up gravimetrically from conductivity water (specific conductance 1.5 X 10-6 at 25") and twice recrystallized B. D. H. Analar potassium chloride which had been fused rapidly in platinum in an atmosphere of dry carbon dioxide-free nitrogen. I n computing concentrations, all weights were corrected t o vacuum. After filling, the cell was placed in an oil-bath whose temperature was controlled t o *0.005", bath temperature being read on Beckmann thermometers
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 W. J. HORNIBROOK, G.J. JANZ
 
 which had been set by means of a platinum resistance thermometer with National Bureau of Standards certificate. The electromotive force readings were made on a calibrated Leeds and Northrup type Kt potentiometer by means of a galvanometer of sensitivity 2 X 10-10 amp./ mm. scale deflection. The Eppley cell, with National Bureau of Standards certificate was checked a t intervals against similar standards in the laboratory. As Shedlovsky and MacInnes found, once thermal equilibrium was attained, the e. rn. f. showed fluctuations of only a few microvolts over a period of hours. Foilowing Brown and MacInnes’ technique, the cell was then drained, and refilled but with the electrode that had been in the stronger solution now in the weaker and vice versa. After following the e. m. f. with this reversed filling, the true reversible e. m. f. was taken to be the average of the two steady readings. As a n additional check, the bias potential between the two electrodes when both were in the same solution was read frequently both before and after a run (see below).
 
 A feature inherent in the treatment by Brown, Shedlovsky and MacInnes of cells with transference has been the assumption that reversing the electrodes so that the electrode which had been in the stronger solution was now in the weaker, served to eliminate the random bias potential between the electrodes. This is obviously equivalent to assuming that such a bias potential is independent of the concentration of the solution, and Brown and MacInnes’ gave good experimental evidence in favor of this. Some time later, however, Smith and Taylor5 showed that the potentials of a group of silver-silver chloride electrodes, while reasonably self-consistent among themselves, showed a steady drift with time over a period of several days when compared with an older group of electrodes; they ascribed this drift to diffusion from the body of the solution into the pores in the active surface of the electrode-a suggestion which threw some doubt on Brown and MacInnes’ conclusion. The duration of the effect seemed to argue against their explanation since (to take the simple case of plane diffusion) concentration differences tend to disappear with exp. (- r 2 K t / x 2 )where k is the diffusion constant, t the time, and x the distance from the plane where the concentration is constant. For potassium cm./sec.; if x be chloride at 25”, k = 2 X taken as 0.1 cm. (a liberal estimate for the length of a pore plus the thickness of an adherent diffusion layer in the solution), the exponential falls to 0.0001 within less than ten minutes. One test of Smith and Taylor’s explanation ( 5 ) E.R.Smith and J. R Taylor, National Bureau of Standards J . Research. 20, 833 (19381
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 A. R. GORDON
 
 Vol. 64
 
 may be cited. Two electrodes prepared at the same time were immersed in a 0.05 M potassium chloride solution, and electrode A showed a potential of -0.017 mv. against electrode B for a period of twelve hours with fluctuations of only one or two microvolts. A was then transferred to a 0.01 M solution; twelve hours later, B was transferred to the 0.01 M solution, and after twenty-five minutes A showed a potential against B of -0.019 mv., which was again steady within a microvolt or so for a further twelve hours. Another test is afforded by the first 25’ entry in Table I. With electrode A in the stronger solution and B in the weaker, the steady value of the e. m. f. was 38.164 mv.; with B and A interchanged, the steady value was 38.118 mv., corresponding to a true reversible e. m. f. of 38.141 mv. and a bias potential of A against B of +0.023 mv. After completion of the run, both electrodes were placed in the stronger solution, and after forty minutes showed a steady bias potential of A against B of +0.020 mv. We believe that such results, typical of those obtained from many similar tests, amply justify Brown and MacInnes’ averaging procedure. Naturally, such measurements only show that if the potentials of two electrodes, prepared to be as nearly identicalas possible and of the same age, are changing with time, they are changing at the same rate, and that this rate is independent (for considerable periods a t any rate) of the concentration of the solution. On the other hand, we have frequently found that a pair of supposedly identical electrodes will show a drifting or fluctuating bias of several hundredths of a millivolt; we believe the explanation of this, as well as of Smith and Taylor’s results, is change in the nature of the active surface of the electrode, e. g., solution of the smaller silver chloride crystals, uncovering of “hot spots” on silver crystals, etc., and not diffusion. Table I gives the results; here ml and m2 are the molalities of the two solutions, and the observed e. m. f. in millivolts is entered in the column headed Eobs. The theory of such cells is now well understood’.* and need not be discussed here. The electromotive force is given by E =K rt+dlogym = kt: ( A log m
 
 + Ajlog 7 ) + k
 
 r
 
 ta d log ym
 
 (2)
 
 where k = 2.3026 X 2RT/F, t+ (equal to t: f t6) is the transference number of the cation, t$ is the
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 transference number at infinite dilution, and A indicates function (ml) function (m2). As a first approximation, y is set equal to 1 in the last term of (2) ; from the resulting provisional A log y, the last term is evaluated, and thus a second approximation to A log y is obtained; a third approximation is unnecessary. Table I1 gives the k and t: used in the calculations, while the last term of Eq. 2 is tabulateds in Table 111. To extrapolate to infinite dilution A log y A (a+/ (1 b
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