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 B. G. OLIVERAND G. J. JANZ
 
 Studies of Molten Lithium Chlorate and Its Aqueous Solutions with Laser Raman Spectroscopy
 
 by B. G. Oliver and G. J. Jam* Department of Chemistry, Rensselaer Polytechnic Institute, Troy, N e w York 19181 (Received December 11, 1370) Publication costs assisted by the National Science Foundation
 
 The laser Raman spectrum of molten LiC103at 132" and of LiClOs-HzO solutions at 25 and 132" has been studied together with the infrared spectrum of the solutions at room temperature. Striking results are the and Y ~ ( Emodes ) of the chlorate ion in both the melt and the solutions removal of the degeneracy of the YO(E) and the changes in the 3000-3800 cm-l region of the water band spectrum of the solutions. These results are examined from current viewpoints of ionic interactions and hydration in such salt solutions.
 
 Introduction
 
 Results The Raman spectrum of molten LiClO, at 132" is Vibrational spectroscopy has been extensively used to illustrated in Figure 1, and the frequencies and polarizaexplore interactions in molten electrolytes and in elecof the bands are tabulated in Table tion characteristics trolyte solutions. Much of the work to date has been l a . The infrared spectrum for molten LiC103, as concentrated on molten and aqueous nitrate s y ~ t e m s , ~ ~ ~ reported elsewhere by Wilmshurst,'O is quite similar to and it is of interest to extend these studies to systems the Raman results; the splitting in the v4(E) region, containing other polyatomic anions. A study of molten however, is not revealed. LiC103 and LiC103-H20 solutions by laser Raman and When water is added t o LiC103melt at 132", the low infrared techniques is reported in this article. The frequency band at 140 cm-1 disappears. Also, striking interest arises from earlier suggestions3-' that there is changes occur in the 500 cm-l region of the spectrum as considerable association of ions in molten LiC103. the water content is increased. This is illustrated in Figure 2a, where the band is resolved into two nearly Experimental Section Gaussian components. The Raman frequencies for Lithium chlorate was prepared by the method of several solutions at 25" are shown in Table I b and Campbell and Griffiths.8 The melting point of LiC103, the changes in the spectrum in the 500 cm-I region at 127.9", was in agreement with the value reported by this temperature are illustrated in Figure 2b. AlCampbell, et aL5j7 Because of the extremely hygrothough the intensity of the total band contour 500 cm-l scopic nature of LiClO,, all weighings were performed region is a linear function of concentration at both temin a drybox. Solutions were prepared by weight and peratures, large changes in the relative intensities of filtered through medium porosity sintered glass filters. the two components with concentration are observed. For the Raman measurements, the solutions were These changes are shown graphically in Figure 3. transferred to Pyrex glass Raman tubes (0.7 cm 0.d. A comparison of the 3000-3800 cm-l region, the OH and 10 cm long) with optical flats as windows. The stretching "water band region," at 25 and 132" for these spectra were recorded with a Jarrell-Ash Laser-Raman solutions is illustrated in Figure 4, together with the spectrometer (Model 25-3000) using both He-Xe (6328 A) and Ar+ ion (4880 A) lasers (55 and 125 mW, (1) G. J. Jane and S. C. Wait, Jr., in "Raman Spectroscppy Theory and Practice," H. A . Saymanski, Ed., Plenum Press, New York, respectively) as excitation sources. Raman depolarizaN. Y., 1967. tion measurements were made using the polarizer, (2) D. E. Irish, A. R. Davis, and R. A . Plane, J . Chem. Phys., 50, analyzer, scrambler arrangement recommended by 2262 (1969). (3) A. N. Campbell and W. G. Paterson, Can. J . Chem., 36, 1004 Allemand.g Infrared spectra were obtained as smears (1958). between KRS-5 plates, using a Perkin-Elmer 457 (4) A. N. Campbell and M. K. Nagarajan, ibid., 42, 1137 (1964). grating infrared spectrometer. (5) A. N. Campbell and M.K. Nagarajan, ibid., 42, 1616 (1964). All band contours were resolved with a Du Pont curve (6) A . N. Campbell and D. F. Williams, ibid., 42, 1178 (1964). analog computer. Gaussian curve analysis was used (7) A. N. Campbell and D. F. Williams, ibid., 42, 1984 (1964). owing to the appreciable band half-widths and since the (8) A . N. Campbell and J. E. Griffiths, ibid., 34, 1647 (1956). tails were not exponential. The band intensities by (9) C. D. Allemand, A p p l . Spectrosc., 24, 348 (1970). this procedure are reported to an accura,cy of f10%. (10) J. K. Wilmshurst, J. Chem. Phys., 36, 2415 (1962). T h e Journal of Physical Chemistry, Vol. 76, N o . 10, 1071
 
 2949
 
 LASERRAMAN SPECTRUM OF LiClOa
 
 i
 
 RAMAN SPECTRUM MOLTEN LiCI03 T.132'C
 
 I Figure 1. Raman spectrum of molten LiClOs at 132' with an amplification of 4 in the 450-650 cm-1 region.
 
 (a)T=132OC
 
 RAMAN SPECTRUM 500 CM-' REGION
 
 Figure 2. Raman spectrum of aqueous LiCIOa in the 500 cm-l region at 132 and 25'.
 
 Raman spectrum of water alone. With increasing LiC103 concentration, the intensity of the higher frequency side of the band increases. The resolution of the band contours into four Gaussian components, based on the interpretation of Walrafen,*l is shown in
 
 Figures 5a and b for water and two solutions of comparable concentrations at 25 and 132". The percentage of each band in the total band contour a t various con(11) G. E. Walrafen, J . Chem. Phys., 47, 114 (1967).
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 B. G. OLIVERAND G. J. JANZ
 
 2950
 
 Table I : Raman Spectrum of ClOa- in Molten LiClOa (132') and in Aqueous Solutions (25') om-' Polarization v,
 
 (a) Molten LiClOs (132')" 1043 978 948 625 510 (?) (1) P P dp
 
 483 dp
 
 140 (?)
 
 (b) Aqueous LiClOa Solutions (25") Conon, Raman frequencies
 
 mol/l.
 
 17.14 13.12 10.63 8.92 6.78 5.46 3.92 2.00
 
 1030 1023 1021 1015 1013 1012 1008 1001
 
 975 969 968 970 971 972 973 967
 
 943(p) 939(p) 938(p) 936(p) 935(p) 934(p) 934 (p) 933(p)
 
 623(p) 620(p) 620(p) 616(p) 616(p) 615(p) 614 (p) 613(p)
 
 505(dp) 500(dp) 501 (dp) 503(dp) 503(dp)
 
 483(dp) 480(dp) 482(dp) 481 (dp) 482(dp) 483 (dp) 483 (dp) 482 (dp)
 
 Infrared frequencies
 
 10.63
 
 1021 968 920
 
 610
 
 470
 
 The resolution of the broad overlapping bands in the vg, vi region (refer to Figure 1, 950-1050 cm-1 region) was possible by subtracting the remnants of the highly polarized component ( V I ) from the depolarized scattering (largely due to ~ 3 ) . The accuracy of the values thus gained is estimated to be A10 cm-l. a
 
 0
 
 6
 
 I
 
 I
 
 1
 
 12
 
 18
 
 24
 
 C(MOLES/L)
 
 centrations is represented graphically in Figure 6. The H-0-H bending frequency, which is observed at -1640 cm-l, is relatively insensitive to concentration; it sharpens considerably as the concentration of LiC103 increases. Some limited infrared measurements at 25" were undertaken in support of the preceding Raman investigations. The results for a concentrated LiCIOa solution in HzO and in DzO are given in Figure 7, and the frequencies are tabulated in Table Ib. The expanded infrared spectrum of this region at several concentrations is shown in Figure 8. It is evident that the infrared spectrum in the low frequency region ( 5 M) the split increases up to 55 cm-' at 17.1 211. Below 5 M , however, the splitting of the v3(E) mode assumes a constant value, i.e., this loss of degeneracy extends to high dilutions (i,eq,the Debye region, where ion pairing is negligible). The degeneracy of the C103mode in such dilute solutions is thus lifted through interaction of the c103- n-ith the solvent, i . e . , hydration. This corresponds closely with the observations advanced by Irish, et u1.,2818*19 elsewhere for aqueous nitrates. (15) J. H. R. Clarke, Chem. Phys. Lett., 4, 39 (1969). (16) A. N. Campbell and B. G. Oliver, Can. J . Chem., 47, 2671 (1969). (17) 11. H. Stokes and It. A. Robinson, J . A m e r . Chem. Soc., 70, 1810 (1948). (18) D. E. Irish and A. It. Davis, Can. J. Chem., 46, 943 (1968). (19) A . R. Davis, J. W. Macklin, and It. A. Plane, J . Chem. Phya., 50, 1478 (1969).
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 Figure 8.
 
 An examination of the water band region in these solutions was undertaken for additional information. The OH stretching region of the spectrum was resolved into four components, after Walrafen," as already noted (see Figures 4 and 5 ) , for self-consistency although it is recognized that this approach is not without its limitations, especially at higher concentrations. For example on the range of 8-22 M , the ratio of water/ LiC103 varies from -6 molecules of HzO per LiClO3 to about 1: 1. The sharpening of the water band spectrum thus could be attributed equally well to trapping of water molecules in the LiC103 bulk structure, and thus to high electric field strengths. The water band structure (and width) in this region closely resemble those of crystal hydrates. An analysis of the percent of each water band in the total contour, assuming the four-component structure for self consistency, was undertaken with due cognizance of the preceding limitations. The results are illustrated in Figure 6. For concentrations less than 8 M , it is found that the intensity of the 3520 em-' band relative to the intensities of the 3520 and 3420 cm-I components increases with decreasing concentrations; this is comparable to the earlier Raman20j21and infrared22)23 studies on aqueous electrolyte solutions. It is probable that this increase in intensity of the 3520 cm-l band is
 
 at least in part due to an increasing concentration of H20 bound to cations. The observed splitting of the v3(E)C103- mode in dilute aqueous solutions indicates that hydrogen bonding between water and ClOa- may also be a factor. At the highest concentrations, the sharpness of the water bands (compared to the spectral bands at lower concentrations) suggests that little or no bulk water structure remains in these ultraconcentrated solutions.
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