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NOTES
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 In the Cr(bz)zf complex, the ground state is assumed to be 2A1,[(a,)1(ezg)4] on the basis of magnetic susceptibility and e.s.r. results.2t6 Similar to the ferricenium cation, the excitation energy to the low-lying 2E2,state may be expressed as 'A, +2Ezg
 
 T. E.
 
 =
 
 AE(alg - e2,) - 20pB(free ion)
 
 Thus the alg level must lie above the ezg level for all values of p. Assigning the absorption band at 8.50 kK.' to the 2Alg-t 2E2gtransition and taking B(Cr+, free ion)' = 706 cm.-l, we find that U ( a l g - ezg) lies between 8.50 kK. @ = 0) and 22.62 kK.@ = 1). A reasonable estimate of j3 = 0.6 gives an energy sepam tion of 17 kK. I n conclusion, we have shown that the a, level lies about 5000 cm.-l below the ezp level in Fe(cp)2+ and that the ezglevel lies about 17,000 cm.-' below the ab level in the Cr(bz)2+ cation. The differences between these conclusions and those of Levy and Orgel are due to their use of the free-ion Slater-Condon parameters. The rather large depression of the ez, level below the alg level in Cr(bz)2+ indicates a large participation of the e, ligand orbitals in the bonding of the dibenzene complexes. This is in agreement with current thoughts of the bonding in the dibenzene complexes. The analysis of the ligand field spectra of these d6 complexes is in progress and will be described in a later publication. (6) R. E. Robertson and H. M. Mcconneu, J. Phys. Chem., 64, 70 (1960). (7) J. Hinze and H. H. Jaff6, J . Chem. Phys., 38, 1834 (1963).
 
 Transport Numbers in Aqueous Potassium Chloride Solutions at 0'
 
 Experimental The apparatus and procedure for determinations at 25" have been described previo~sly.~-~ The only change in this procedure has been made in the preparation of the electrodes. These are now formed by rolling cylinders of platinum gauze and welding them to stout platinum wires sealed through standard B. 10 Pyrex cones. Silver is deposited electrolyticallyonto the gauze and, in the case of the electrode to be used as the cathode, some of the silver is converted electrolytically into silver chloride. For runs at 0", the conductometric analyses were performed at 25"; only the electrolysis was carried out at 0". After the initial analysis of the solutions, the apparatus was placed in a 4-gal. drum provided with drainage holes. The drum was then filled with flaked ice. After waiting for 1 hr. to ensure complete cooling of the solution, the electrolysis was commenced. As soon as the electrolysis current was switched off, the two compartments of the transport number cell were isolated by turning the tap on the apparatus. The ice was then washed out of the drum using a jet of water. The solution was reanalyzed at 25". During the electrolysis the temperature of the ice bath was checked using a thermometer previously calibrated with ice formed from distilled water. No part of the ice bath showed a temperature differing from 0" by more than 0.01".
 
 Results and Discussion I n Table I, the results obtained at 25" are commred with values interpolated from data obtained usgg the Hittorfe and moving boundary7 techniques. The agreement among the iarious methods is excellent. The results obtained at 0" are shown in Table 11. The final column of Table I1 lists the limiting values of the transport numbers calculated using the equation tO+(calcd.)= t+
 
 -
 
 [BzC"'(~+- 0.5)/A0(1
 
 + BdC"')]
 
 obtained by rearranging eq. 7.40 of ref. 5. Values of the parameters B and Bt are given in Appendix 7.1 of
 
 by B. J. Steel'" Department of P h y d and Inorganic Chemistry, University of NEWEngland, Arm&, NEWSouth Wales, Australia (Received Maw- 80.1066) .
 
 In view Of the recent publication Of a paper1b 'Oncerning transport numbers in aqueous potassium chloride s&.hons at elevated temperatures, some interest may attach to measurements made some time ago2 of transport numbers in this system at 0". As a test of the method used, results are presented also for 25". The Journal of Physical Chemtktry
 
 (1) (a) Department of Physical and Inorganic Chemistry, University of Adelaide, South Australia; (b) J. E. Smith, Jr., and E. B. Dismukes, J. Phys. Chem., 67, 1160 (1963). (2) B. J. Steel, Ph.D. Thesis, University of New England, N.S.W., Australia, 1960. (3) B. J. Steel and R. H. Stokes, J . Phys. Chem., 62, 450 (1968). (4) B. J. Steel, J. M. Stokes, and R. H. Stokes, ibid., 62, 1514 (1958). (5) R. A. Robinson and R. H. Stokes, "Electrolyte Solutions," Butterworth and Co. Ltd., London, 1959,p. 103. (6) D. A. MacInnes and M. Dole, J . Am. Chem. SOC.,5 3 , 1367 (1931). (7) L. G.Longsworth, ibad., 54,2741 (1932).
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 t, oc.
 
 115 100 86
 
 Table I : Transport Numbers in Aqueous Potassium
 
 70
 
 45
 
 35
 
 25
 
 15
 
 Chloride Solutions a t 25"
 
 w,
 
 Concn.,
 
 w,
 
 g.-equiv. 1. -1
 
 thia work
 
 ref. 6
 
 ref. 7
 
 0.015984 0.022056 0.031242 0.042914
 
 0.4906 0.4899 0 * 4898 0.4900
 
 0.4910 0.4904 0.4904 0.4906
 
 01.4902 0 .4901 0 .4900 0 .4900
 
 tK+,
 
 in t!
 
 Table 11: Transport Numbers in Aqueous Potassium Chloride Solutions a t 0" Concn., g.-equiv. 1.-1
 
 tK+
 
 0.012235 0.020038 0.030846 0.041281 0.051719
 
 0.4962 0.4943 0.4953 0.4957 0.4947
 
 W(ca1cd.)
 
 0.4963 0.4945 0.4955 0.4959 0.4950
 
 ref. 5 ; 8. was taken to be 3.8 8. Lange's* determination of Ao for KCI at 0" = 81.7 was used. The average of F+(calcd.) -- 0.4954 was taken as the limiting value of the transport number of potassium ion in potassium chloride solution at 0". This is appreciably lower than the estimate of FK+ = 0.498 made by Robinson and Stokes by extrapolation of results at higher temperat u r e ~ . However, ~ the mobility of the chloride ion at 0" using the present data is X0cl- = 81.7(1 - 0.4954 = 41.2. This mobility may also be calculated from results of transport numberslO and conductancesloll1 of hydrochloric acid solutions at 0". These data give XOcl- = 265.2(1 - 0.8441) = 41.3, in good agreement with the result obtained above. The results of this work are combined with those of Smith and Dismukeslb and of Allgood, LeRoy, and Gordon12 in Figure 1, where log [(l - FK+)/~"K+] is plotted vs. the reciprocal of the absolute temperature. (The data from ref. 1 are tE+ at approximately 0.1 N and not PK+. The difference would not be large in these systems.) A straight line can be drawn through all the points within the estimated experimental error. Thus the conclusion of Smith and Dismukes that the difference in the activation energies of migration for potassium and chloride ions is independent of temperature is valid down to 0". The slope of the line in Figure 1 corresponds to an activation energy for the chloride ion that is 110 i 10 cal.,/g.-ion greater than that for the potassium ion. Horne and CouranP have shown that the temperature coefficient of the conductance of 0.1 M potassium chloride changes markedly between 9 and 0". They attribute this change to alterations in the water structure as the temperature is
 
 0.01
 
 c
 
 \\ 3.0
 
 X
 
 \
 
 3.5
 
 1/T, OK.
 
 Figure 1. Temperature dependence of transport numbers in aqueous potassium chloride solutions: x, this work; 0, ref. 12; 0, ref. 1.
 
 lowered. The results described in this paper indicate that the chloride and potassium ions are affected to much the same extent by these alterations. This is perhaps not surprising in view of the similar mobilities of these ions. It would be interesting to examine the temperature dependence of the mobility of other ions in water between 0 and 10".
 
 Acknowledgment. The author wishes to acknowledge helpful discussions with Professor R. H. Stokes during the course of this research. (8) J. Lange, 2.physik. Chem., A188, 384 (1941). (9) See ref. 5,p. 127. (10) A. K.Covington and J. E. Prue, J. Chem. SOC.,1930 (1957). (11) M. Randall and A. P. Vanselow, J. Am. Chem. SOC.,46, 2418 (1924). (12) R.W.Allgood, J. D. LeRoy, and A. R. Gordon, J. C h m . Phys., 8 , 418 (1940). (13) R. A. Home and R. A. Courant, J . Phys. Chem., 68, 1258 (1964).
 
 A Simple Reduced Equation for the Estimation of Vapor Pressures]
 
 by Donald G. Miller Radiation Laboratory, University of California, Livermore, California ( M v e d April 30,1966)
 
 Law-
 
 In a recent paper2 (whose notation is adopted here), the reduced vapor pressure predictor Volume 60,Number 5 September 1566
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