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The Raman spectra for concentrated aqueous LiBr solutions (LiBr)z(H20)1-¢ and (LiBr)¢(D20)1-z, 2=
0.05—0.25, were measured in the frequency range of 30—1000 cm™!. A polarized peak intensity centered at
160—190 cm ™! in the isotropic spectrum for HoO solutions exhibits a systematic increase with increasing LiBr
content. At LiBr concentrations below 15 mol%, this peak contains several shoulders at both the lower and
higher frequency sides. The corresponding peak in the isotropic spectrum for DO solutions is shifted to the
lower frequency by ca. 10 cm™!. The isotropic spectra for highly concentrated HoO solutions, such as 20 and
25 mol% LiBr, have another component at 340 cm™!, which is also shifted to the lower frequency by ca. 20
cm ™! in D20 solutions. This 340 cm™! peak in a 25 mol% LiBr solution is also shifted to the higher frequency
by ca. 13 cm™! when isotopically substituting ®Li (95.5% °Li) for "®*Li (92.5% ’Li), while the position of 190
cm™! peak remains unchanged when substituting. Consequently, the peaks centered at 160—190 cm™! and at
340 cm™? can, respectively, be assigned to the totally symmetric stretching vibration of tetrahedrally hydrated
lithium ion, Li*t (H20)4, and that of the solvent-shared ion pair, Li* (H20)4---Br™~, by taking into consideration
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the results of diffraction studies reported previously.

Aqueous solutions of lithium halogenide, LiX, have
often been employed with the object of examining the
hydrated-ion structure in the solution through diffrac-
tion and spectroscopic measurements due to the high
solubility of LiX in water and the transparency to vis-
ible light. The hydration structure of Lit in aqueous
solution has been investigated by X-ray diffraction,'—®
neutron diffraction,®~!” and molecular dynamics (MD)
simulation®® techniques. These results have pointed
out that Li* has a stable first hydration shell consisting
of 4—6 water molecules bonding to Lit with an inter-
atomic distance of r(Li*---0)=1.94—1.99 A.—17 This
interatomic distance is almost independent on the kind
of counter-ions and the solute concentration. The for-
mation of a stable hydration structure of Lit has also
been confirmed by recent NMR information that the
spin-lattice relaxation times (T; and T5) for "Li and H
nuclei are strongly influenced by the librational motion
of hydrated LiT.'® Thus, low-frequency bands related
to the Lit---O stretching mode in the hydrated ion,
Li(H,0),*, are expected to be detected in the vibra-
tional spectra. In fact, highly polarized Raman bands
in the low-frequency region have been observed as the
totally symmetric stretching mode (1) associated with
the structural unit, Lit (H20),, (n=4 or 6).

Raman spectroscopic studies of aqueous solu-
tions containing Lit have been made by several
authors.'®—2» However, at present there are some
conflicting interpretations of the 14 frequency of the
Lit(H20), unit in solution. Michaelian and Moskovits
have reported two polarized Raman bands at 190 and
400 cm™! in their difference spectra between LiX (X=
Cl, Br)-H>O solutions and pure HoO. They assigned
these peaks to the totally symmetric and asymmet-
ric stretching vibrations for the Li(H20)4* tetrahedral
unit, respectively.?¥) However, their assignment seems
to involve considerable uncertainties, because the po-

sition and intensity of the intermolecular HoO---H,O
band located near to the symmetric vibrational compo-
nent of the Li(H20)4% unit tend to be different in so-
lution and pure HyO. Nash et al. have investigated the
polarized Raman spectra observed in the intermolec-
ular librational region (200—1100 cm™!) using Li/"Li
and H/D isotopically substituted aqueous LiCl and LiBr
solutions.?® They decomposed the parallel and per-
pendicular spectra into five Gaussian components. In
their interpretation, the polarized 440 cm™! compo-
nent, observed in a 3.5 molkg~! solution, was ascribed
to the totally symmetric stretching mode (v;) of the
Li(H20)4% unit. Another polarized 350 cm™! compo-
nent found in the 8.0 molkg™! solution was ascribed to
the Lit---O stretching vibration in the solvent-shared
ion pair, Lit(H20)4---Br~. Kanno and Hiraishi have
observed a highly-polarized Raman band near 170 cm™!
in a glassy solution of LiX (X=Cl, Br, and I), which is
absent in the spectrum for pure water.?> Such a less
clear situation at assigning the vibrational modes re-
lated to the hydrated ion in the aqueous solution is
considered to occur mainly due to a considerable over-
lap with the intermolecular librational mode between
H,0---H20, which reflects the hydrogen-bonded solvent
structure.

In this paper we describe the results concerning the
isotropic Raman spectra for aqueous LiBr solutions
with extended salt compositions of 5—25 mol% ob-
served in the frequency range between 30 and 1000
cm™1, in order to determine exact vibrational frequen-
cies of hydrated Li*. The more polarized modes, such
as the totally symmetric stretching mode, tend to ap-
pear clearly, while the less polarized modes, such as the
deformation and asymmetric stretching modes, disap-
pear in the isotropic spectra. Accordingly, the isotropic
Raman spectra can give reliable information on the
Lit---O symmetric stretching mode for hydrated Lit
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in an aqueous LiBr solution. In addition, the contribu-
tion from the intermolecular librational modes between
water molecules near to 200 cm ™! can be neglected.?6:2")
Measurements of DoO solutions with the corresponding
salt concentrations and on 6Li-enriched samples of 10
and 25 mol% LiBr-H,O solutions have also been car-
ried out in order to clarify the relationship between the
Raman spectra and the structure of hydrated Lit.
Moreover, the isotropic Raman spectra for 10 and 25
mol% LiCl-H;0 and -D,O solutions and those at var-
ious temperatures for the 25 mol% LiBr-D,O solution
have been measured in order to investigate the influence
of halogen substitution and the destruction of the hy-
drogen-bonded structure on the respective Raman com-
ponents.

Experimental and Data Analysis

LiBr-H,0 and LiCl (Nacalai tesque Inc., Guaranteed
grade) were both dried in vacuo at 180 °C to obtain anhydro-
us ***LiBr and "**LiCl (natural abundance, 92.5% "Li). Li-
enriched LiBr was prepared by reacting ®Li,CO3 (95.45%
Li Tomiyama Chemical Co., Ltd.) with slightly excess
amounts of concentrated aqueous hydrobromic acid solu-
tion. Dehydration of the product solution was achieved by
heating at 180 °C under vacuum for two days. The sam-
ple solution was prepared by dissolving weighted amounts
of anhydrous salt in distilled water and in D20 (99.9% D,
Aldrich Chemical Inc.). The solution was filtered with a 0.45
pm teflon millipore filter before introducing it into a pyrex
Raman cell (10x10 mm, 40 mm H), in order to remove dust
particles. The Raman spectra were observed at 25 °C in
the frequency region of 30—1000 cm™? using a JASCO NR-
1100 spectrometer with a 514.5 nm line of an NEC GLG-
3200 Ar™ laser operated at 200 mW. The Raman intensities
were recorded at 1 cm™! intervals in both the parallel and
perpendicular polarization modes with a spectral slit width
of 5 ecm™!. Each run with a scan speed of 30 cm ™! min™!
was repeated ten times for data accumulation. The Raman
spectra for a 25 mol% LiBr solution were measured in an un-
dercooled liquid state. This solution was stable for several
weeks after the measurement. Measurements at t=100, 115,
and 150 °C for the 25 mol% LiBr-D;0O solution were car-
ried out using a high-temperature furnace. The calibration
for the monochromator was made using 89 of neon emission
lines. The efficiency of the polarization filter was checked by
measuring the v; frequency of the CCly molecule in the lig-
uid state. A correction of the observed spectra for the Bose—
Einstein factor, needed to distinguish low-frequency compo-
nents, was made according to the following equation:2"—2%

reemreeted () — (yg — )% we [1 — exp(—hw) /kT) - I°(v),
1)
where v and v are the Stokes Raman shift and the
wavenumber of the incident light, respectively. The isotropic
Raman intensity (I'°°(v)) is obtained by

r*°w) = ') - 4/3-1* (v), (2)

where I'(v) and I* (v) denote the corrected parallel and per-
pendicular spectra, respectively. An analysis of the peaks in
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the isotropic spectrum was performed employing the SALS
program.?® A Gaussian band shape was assumed for each
component within the band peak.

Results and Discussion

The parallel and perpendicular spectra observed for
10 and 25 mol% LiBr-H,O solutions are shown in Fig. 1.
An indication for the polarized peak at ca. 170 cm™! is
predominant in both solutions. This peak position is in
good agreement with that of the intermolecular stretch-
ing mode associated with the hydrogen-bond interac-
tion between neighboring water molecules in pure lig-
uid H,0.252) However, since the HyO---H,O stretching
mode in pure water has been proved to have a purely de-
polarized nature,?® it appears that the 170 cm™! band
in LiBr solutions contains an alternative polarized com-
ponent. A broad envelope located at 300—800 cm ™! is,
in appearance, similar to the depolarized intermolecu-
lar librational band in the spectrum for pure water.20:29)
However, a careful observation shows that the scatter-
ing intensity at around 350 cm~! in the parallel spec-
trum (I!l) increases with increasing LiBr content. Par-
ticularly, an evident shoulder can be seen at ca. 350
cm™? in the parallel spectrum for the 25 mol% LiBr so-
lution. This suggests that a new polarized component
is developed in concentrated LiBr solutions.

Figure 2 represents the composition dependence of
isotropic spectra involving a few highly-polarized peaks
in H5O solutions. Each peak is decomposed into three
or four Gaussian components. The background inten-
sity was estimated in terms of a third-order polynomial.
The intensities of the components at ca. 100 and ca.
200 cm™! obviously increase with increasing LiBr con-

L (LiBrly(H20M i

I”, I.L

<4
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Fig. 1. Parallel and perpendicular Raman spectra, I I

and I, observed for 10 and 25 mol% LiBr-H,O so-
" lutions at 25 °C.
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Table 1.

Raman Spectra of LiBr Solutions
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The Peak Position, Full Width at Half Maximum, and Peak Height of Gaussian Components Derived from
the Least Squares Fit of the Isotropic Raman Spectra for Aqueous LiBr Solutions, v, w, and A, Respectivelya)
Peak A Peak B Peak C Peak D Peak E
z Solvent v/em~ ! w/cm~! & v/em™ !t w/em™! A v/em~ Y w/em™1 & v/em™! w/cm™! R v/em™! w/cm™! h

Ho0  96.7(9) 99(2) 0.536(9) 192.0(2) 107.3(1) 1.740(5) — — —  344.8(2) 128.1(8) 1.485(7) 538(2) 331(5) 0.415(5)
0.25 D0 101(8) 99(9) 0.50(6) 183(2) 95(4) 1.51(7) — —  —  323(2) 128(6) 0.84(7) 444(9) 202(14) 0.75(6)
Ho0®) 97(1) 99(3) 0.52(1) 193.4(5) 110(1) 1.79(2) — —  —  358.4(6)137(2) 1.59(2) 540(3) 328(7) 0.373(6)
0.20 HoO 97(5) 93(7) 0.53(4) 194(1) 106(3) 2.32(3) — —  —  334(1) 110(3) 0.92(1) — — —
Do0O  90(4) 84(6) 0.50(5) 182.3(8)101(3) 2.22(5) — —  —  310(2) 111(7) 0.60(4) 446(10) 232(24) 0.46(6)
0.15 HoO 103(18) 96(19) 0.4(1) 187(3) 93(11) 1.53(9) 259(5) 59(11) 0.3(1) 329(7) 106(13) 0.30(2) — — —
Do0  94(10) 79(12) 0.25(6) 176(1) 89(7) 1.38(3) 246(3) 56(8) 0.30(8) 312(9) 87(15) 0.16(1) — — —
HoO 97(1) 71(3) 0.318(9) 174.7(2) 79.6(6) 1.500(9) 252.6(5) 75(1) 0.694(9) 333(2)  88(4) 0.203(9) — — —
0.10 DO 87(7) 64(9) 0.18(4) 167(1)  86(6) 1.33(2) 244(3) 65(11) 0.49(8) 307(20) 70(24) 0.11(4) — — —
Ho0P)106(2) 87(4) 0.227(9) 176.3(3) 80.7(9) 1.02(1) 252.4(7) 73(2) 0.475(9) 338(2)  90(7) 0.140(9) — — —
0.05 HoO 100(2) 71(5) 0.133(7)164.9(5) 77(1)  0.601(7) 246.7(9) 86(2) 0.308(7) — — — — — —
D20 105(22) 60(19) 0.1(1) 157(5) 69(12) 0.57(8) 233(6) 84(8) 0.32(2)  — — — — — —

a) Estimated standard deviations are given in parentheses.

tent. The relative intensity of the component at ca. 250
cm~!, which is observed as a shoulder at the high-fre-
quency side of the 200 cm~! peak in a 5 mol% solution,
decreases with increasing LiBr content. Furthermore,
a new component at ca. 350 cm~! becomes predom-
inant at higher LiBr concentrations above 10 mol%.
An additional broad component centered around 500
cm~! appears in the spectrum for the 25 mol% LiBr
solution. These components, except for the 500 cm~?!
one, are considered to be caused by the intermolecular
Lit---OH, and probably Br—---H,O stretching vibra-
tions with the higher symmetry. The peak parameters
for these components (termed A, B, C, D, and E) are
listed in Table 1.

The isotropic spectra for DoO solutions with the cor-
responding LiBr concentrations are given in Fig. 3. The
Gaussian components (A, B, C, and D) identified in
H>O solutions, are also apparent in these D2O solu-
tions. A newly developed broad band located at ca.
450 cm™! is observed in 20 and 25 mol% LiBr solu-
tions. The peak parameters for the Gaussian compo-
nents (A, B, C, D, and E) for DO solutions, which are
analyzed in the same manner applied to HoO solutions,
are summarized in Table 1. Assuming that the sym-
metric stretching mode in hydrated Li*, Li(H20),* or
Li(D20),* is involved in these components, the ratio
of the vibrational frequency of this mode for the D,O
solution to that for the HoO solution is approximately
calculated as follows,?*) considering tetrahedral (n=4)
or octahedral (n=6) geometries around Li*:

Vo0 soln/Vi,0 soln ~ (MHz0/mD;0)"% = 0.95.  (3)

This value corresponds well to the ratio vp,o soln/
VH,0 soln fOr the observed peak components of B, C,
and D (0.93—0.97), whereas, no systematic change in
the position of peak A can be found between H,O and
D20 solutions, suggesting that only components B, C,
and D are closely related to the symmetric stretching

b) SLi-enriched sample.

mode in Li(H20),* or Li(D;0),* structural units.

According to the neutron-diffraction result, the hy-
dration number of Li* (nio) in a 3.06 mol% LiBr heavy
water solution has been reported to be 4.51+0.5 with an
Li*---O distance of 1.94 A.1® For a 20 mol% LiBr so-
lution, nrio and rp;o have been shown to be 3.9+0.5
and 1.96 A, respectively.!” These Lit---O distances re-
ported in LiBr solutions are nearly equal to the aver-
age rrio (=1.94 A) in various crystalline hydrates, in
which Li* is coordinated by four water molecules with
T4 symmetry.>V In the case of highly coordinated struc-
tures, r1;0 has been stated to be much larger, i.e., 2.1—
2.2 A in the six-fold coordination.3?) Therefore, the hy-
dration number of Li* in 3—20 mol% LiBr solutions can
be judged to be close to four. We thus assign peaks B
and C in the isotropic spectrum for a 5 mol% LiBr solu-
tion to the totally symmetric stretching mode in tetra-
hedrally hydrated Lit, Li(H,0)4T or Li(D20),". The
presence of peak B in the spectrum for the 25 mol% LiBr
solution also implies that considerable amounts of water
molecules are simultaneously shared by different lithium
ions, because there exist less than four water molecules
per one LiT in this highly concentrated solution. In ad-
dition, the observed ratio ¥p,o soln/VH,0soln fOr peak
D, which is evident at LiBr concentrations above 20
mol%, lies at 0.93—0.94, suggesting that this peak also
arises from the Lit.--OH, stretching vibration. In or-
der to clarify the origin of peak D, measurements of iso-
topically substituted samples, (°LiBr)g.25(H20)0.75 and
(SLiBr)o.10(H20)0.90, Were carried out, in which only
the mass of the lithium ion was changed (Fig. 4).

The positions of peaks B and C for the 6Li-enriched
(95.5% ©Li) 10 mol% LiBr solution are almost identical
to those for the natural-Li (92.5% 7Li) solution within
the experimental errors. For the 25 mol% LiBr solu-
tion, only a small frequency shift is observed for peak
B, while, peak D has a 13 cm™! higher frequency shift
when substituting 6Li to "®*Li. These results indicate
that LiT varies only slightly in its position during the vi-
brational motion associated with peaks B and C, reflect-
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Fig. 2. Composition dependence of the isotropic
Raman spectrum for aqueous LiBr-H;O solutions,
(LiBr)z(H20)1-z, at 25 °C. The Gaussian compo-
nents derived from a least-squares fit are indicated
by solid lines.

ing the well-defined symmetrical stretching mode, vy,
while, it does move in the vibrational motion associated
with peak D with a loss of Td symmetry around LiT.
Then, two possible interpretations for the hydrated
structure of Lit can be proposed from the result for
peak D. One is to connect this peak with the Lit---OH,
symmetric stretching mode in the Li*Br~(H0)3 struc-
tural unit involving a direct contact of Lit and Br~.
Another interpretation is that peak D is caused by the
symmetric stretching vibration of the HoO molecule-
shared ion pair, Li* (H20)4---Br~, in which the first co-
ordination shell of Lit is fully occupied by four water
molecules and one Br~ is attached to HoO molecules
in the first hydration shell of Lit. The formation of
direct or indirect ion pairs, Li*---X~, in highly concen-
trated aqueous LiX solutions has frequently been pro-
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Fig. 3. Same notations as in Fig. 2, except for the

heavy water solutions, (LiBr);(D20)1_z.

posed based on tracer diffusion measurements,®? neu-
tron diffraction'® and MD simulations.® Peak D is sig-
nificant in very highly concentrated solutions, such as
20 and 25 mol% LiBr, but already appears in the spec-
trum of 15 mol% or probably 10 mol% LiBr solutions,
as can be seen in Figs. 2 and 3. It seems unlikely that
the contact ion pair, Lit---Br~, is formed in such low
salt concentrations, even if the intermolecular hydro-
gen bonded structure in the solvent is somewhat de-
stroyed. The neutron-diffraction result has also proved
that no indication of a contact ion-pair has been de-
tected in the 20 mol% LiBr solution.!” Consequently,
it may reasonably be considered to assign peak D to
the Lit---OH, stretching mode in the structural unit,
Lit(H30)4---Br~, with the solvent molecule-shared ion
pair.

The origin of peak A at ca. 100 cm™' observed
in the present spectra is less clear. It may possi-
bly be supposed that the symmetric stretching mode

1
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Fig. 4. Isotropic Raman spectra for 10 and 25 mol%

SLiBr (°Li:"Li=95.5:4.5) and ™LiBr (°Li: "Li=
7.5:92.5)-H30 solutions at 25 °C.

of the Br™---H,0 bond in the hydrated bromide ion,
Br(H,0)¢~,% exists in this frequency range.
Concerning a broad component (termed E), which is
observed at higher LiBr concentrations above 20 mol%,
we have still no exact information concerning its origin
at present. This broad peak may be created through
the procedure of the data-analysis. However, it is ap-
parently involved in the Raman spectra for other con-
centrated aqueous solutions, such as the LiCl solution
described later (Fig. 6a). Assuming that this is not
an artifact peak, its origin seems to be related to the li-
brational mode associated with a certain intermolecular
hydrogen-bonded structure, because the observed large
frequency shift (=94 cm™?) in 25 mol% LiBr-H,O and
—D5 O solutions roughly corresponds to the difference in
the librational frequency between pure liquid HoO and
D,0.%3® Tt will be sufficiently accepted that the inter-
molecular hydrogen bonded structure in liquid water is
very sensitive to any temperature variation. The break-
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Fig. 5. Temperature dependence of the isotropic

Raman spectrum for the 25 mol% LiBr-D2O solu-
tion. The four Gaussian components are indicated
by solid lines.

down of the hydrogen-bonded network structure ought
to result in a remarkable change in the Raman spectra
in the low-frequency region.??® Thus, the tempera-
ture dependence of isotropic spectrum for the 25 mol%
LiBr-D,O solution was measured, the result of which is
given in Fig. 5. The peak parameters of each Gaussian
component are listed in Table 2. Unexpectedly, no clear
effect of the temperature on position E is seen, except
for a slight increase in the peak intensity with increas-
ing temperature. In any case, it should be essential to
obtain further experimental information for aqueous so-
lutions involving other hydrated halide ions, in order to
confirm the present interpretation for peaks A and E.
In Fig. 5, positions A and B indicate a small shift
toward the lower frequency side and the peak intensity
of D decreases upon raising the temperature. Never-
theless, it may possibly be stated by the overall result
in Fig. 5 that the first hydration shell of Lit in the 25
mol% LiBr solution is considerably stable, even at high
temperatures, such as 150 °C. An extremely low va-
por pressure of highly concentrated LiBr solutions sup-
ports the formation of stable local order around Lit,
i.e., Lit---OHy---Br~ solvent molecule-shared ion pair,
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Table 2. The Peak Parameters of Gaussian Components for 25 mol% ***LiBr-D,O Solution at 25—150 °C?
Peak A Peak B Peak D Peak E
t/°C v/ecm™' w/cm™? h wv/em™' w/cm™! h  wv/em™ w/cm™! h wv/em™' w/cm™! h
150  84(4) 78(5) 0.41(5) 170(1) 108(4) 1.65(4) 312(3) 137(9) 0.86(8) 439(7) 194(10) 0.98(6)
115  92(4) 82(5) 0.45(5) 175(1) 99(4) 1.59(4) 316(5) 143(10) 0.84(8) 444(9) 183(12) 0.80(7)
100  94(6) 90(7) 0.49(6) 177(2) 98(4) 1.54(6) 312(3) 136(9) 0.74(9) 436(9) 209(13) 0.88(6)
25 101(8)  99(9) 0.50(6) 183(2) 95(4) 1.51(7) 323(2) 128(6) 0.84(7) 444(9) 202(14) 0.75(6)
a) Estimated standard deviations are given in parentheses.
Table 3. The Peak Parameters of Gaussian Components for 10 and 25 mol% "**LiCl-H,O Solutions®
Peak A Peak B Peak C Peak D Peak E
z Solvent v/cm_1 w/cm_1 h v/cm'1 w/cm'1 h v/cm_l w/cm_1 h  v/cm™! 'w/cm_1 h 'v/cm'1 w/cm_1 h
0.25 H,O 108(1) 102(2) 0.590(9) 203.2(4) 105.6(8) 1.73(1)  — — —  369.6(6) 139(2) 1.25(2) 577(3) 370(6) 0.829(6)
Do0O 108(1) 85(2) 0.339(7) 196.3(3) 93.0(9) 1.26(1)  — — —  345(10) 131(2) 0.458(6) 436(1) 243(4) 0.56(1)
0.10 HoO 102(3) 75(7) 0.114(9) 191(2)  95(4) 0.76(1) 259(2) 60(7) 0.28(5) 345(10) 147(19) 0.157(8) — — —
D,O 111(3) 57(8) 0.066(8) 182(2) 81(3) 0.559(9) 244(2) 50(3) 0.27(2) 321(6) 108(14) 0.049(6) — — —

a) Estimated standard deviations are given in parentheses.
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a) Comparison of the isotropic Raman spec-
trum between 25 mol% LiCl and LiBr-H2O solutions.
b) Isotropic Raman spectra for 10 and 25 mol% LiCl-
H20 and —-D20O solutions at 25 °C.

which may prevent the vaporization of water molecules
in the solution.

In order to make sure of the peak assignment of the
Raman spectrum in LiBr solutions hitherto discussed,
isotropic Raman spectra for 10 and 25 mol% "**LiCl-
H>0 and -D>O solutions were measured and analyzed in
the same manner applied to LiBr solutions. In Fig. 6a,
the observed isotropic spectrum for the 25 mol% LiCl-
H5O solution is compared with that for the LiBr-H,O
solution with the same salt concentration. A similar
appearance of these spectra may reflect a strong re-
semblance in the intermolecular short-range structure
between both solutions. The position of the band com-
ponent at ca. 200 cm™! shifts only a little upon re-
placing the halide ion, suggesting that component B
arises from the vibrational mode in the common chem-
ical species in both solutions, that is, hydrated lithium
ion, Li*(H20),. On the contrary, a significant differ-
ence can be observed in the vibrational frequency of the
component at ca. 350 cm™! between LiCl and LiBr so-
lutions. Therefore, component D is obviously related to
the vibrational mode, depending on the kind of anions.
Figure 6b represents the Gaussian decomposition of
isotropic Raman spectra in 10 and 25 mol% LiCl-H50
and -D>0 solutions. The peak parameters for each com-
ponent are listed in Table 3. The vp,0 soln/YH,0 soln
ratio for the observed peak components of B, C, and
D (0.93—0.97) evidences that these components can be
assigned to the Lit---OH, symmetric stretching mode
in Lit(H20), (peaks B and C) and Li*(H30),---C1~
(peak D). '

In summary, totally symmetric stretching frequencies
for both tetrahedrally hydrated lithium ion, Lit (H20)s4,
and solvent-shared ion pair, Li+(H20)4~-~Br‘, in aque-
ous LiBr solutions have been identified from the present
isotropic Raman spectra such as 192 and 345 cm™!,
respectively, for the 25 mol% LiBr-H,O solution. It
is very worthwhile to offer structural information con-
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cerning the first hydration shell of Li* in highly con-
centrated LiBr solutions as well as the intermolecular
hydrogen-bonded structure of the solvent. Along this
line, neutron-diffraction experiments for the 25 mol%
LiBr solution with 6Li/7Li and H/D isotopic substitu-
tion techniques are in hand to determine the partial
distribution functions in solution.

All of the calculations in the present work were car-
ried out with the ACOS 3600 computer at the Comput-
ing Center of Yamagata University.

References

1) G. W. Brady, J. Chem. Phys., 28, 464 (1958).

2) R. M. Lawrence and R. F. Kruh, J. Chem. Phys., 47,
4758 (1967).

3) A. H. Narten, F. Vaslow, and H. A. Levy, J. Chem.
Phys., 58, 5017 (1973).

4) G. Licheri, G. Piccaluga, and G. Pinna, J. Appl. Crys-
tallogr., 6, 392 (1973).

5) G. Licheri, G. Piccaluga, and G. Pinna, Chem. Phys.
Lett., 35, 119 (1975).

6) I. Okada, Y. Kitsuno, H-G. Lee, and H. Ohtaki, “Ions
and Molecules in Solution,” Elsevier, Amsterdam (1983), p.
81.

7) P. Bopp, I. Okada, H. Ohtaki, and K. Heinzinger, Z.
Naturforsch., A, 40a, 116 (1984).

8) Y. Tamura, K. Tanaka, E. Spohr, and K. Heinzinger,
Z. Naturforsch., A, 43a, 1103 (1988).

9) N. Ohtomo and K. Arakawa, Bull. Chem. Soc. Jpn.,
52, 2755 (1979).

10) J. R. Newsome, G. W. Neilson, and J. E. Enderby, J.
Phys. C: Solid State Phys., 13, L923 (1980).

11) J. R. Newsome, Ph. D. Thesis, University of Bristol,
1981.

12) K. Ichikawa, Y. Kameda, T. Matsumoto, and M.
Misawa, J. Phys. C: Solid State Phys., 17, L725 (1984).
13) T.Yamaguchi, S. Tanaka, H. Wakita, and M. Misawa,
“KENS REPORT-VII,” (1988), p. 48.

Raman Spectra of LiBr Solutions 935

14) J. R. C. van der Maarel, D. H. Powell, A. K.
Jawahier, L. H. Leyte-Zuiderweg, G. W. Neilson, and M.
C. Bellicent-Funel, J. Chem. Phys., 90, 6709 (1989).

15) T.Yamaguchi, S. Tanaka, H. Wakita, and M. Misawa,
“KENS REPORT-VIIL,” (1990), p. 90.

16) T. Cartailler, W. Kuntz, P. Turq, and M. C.
Bellicent-Funel, J. Phys. C: Condens. Matter, 3, 9511
(1991).

17) Y. Kameda and O. Uemura, Bull. Chem. Soc. Jpn.,
66, 384 (1993).

18) T. Hasebe, R. Tamamushi, and K. Tanaka, J. Chem.
Soc., Faraday Trans., 88, 205 (1992).

19) G. E. Walrafen, J. Chem. Phys., 36, 1035 (1962).

20) G. E. Walrafen, J. Chem. Phys., 40, 3249 (1964).

21) G. E. Walrafen, J. Chem. Phys., 44, 1546 (1966).

22) D. W. James and R. Irmer, J. Raman Spectrosc., 3,
91 (1957).

23) C. P. Nash, T. C. Donnely, and P. A. Rock, J. Solu-
tion Chem., 6, 663 (1977).

24) K. H. Michaelian and M. Moskovits, Nature, 273, 135
(1978).

25) H. Kanno and J. Hiraishi, J. Phys. Chem., 87, 3664
(1983).

26) M. Moskovits and K. H. Michaelian, J. Chem. Phys.,
69, 2306 (1978).

27) G. E. Walrafen and Y. C. Chu, J. Phys. Chem., 96,
9127 (1992).

28) G. W. Chantry, “The Raman Effect,” ed by A.
Anderson, Marcel Dekker Inc., New York (1971), Vol. 1,
p- 70.

29) G. E. Walrafen, M. R. Fisher, M. S. Hokmabadi, and
W-H. Yang, J. Chem. Phys., 85, 6970 (1986).

30) T. Nakagawa and Y. Oyanagi, “Recent Develop-
ments in Statistical Inference and Data Analysis,” ed by
K. Matsusita, North-Holland, Amsterdam (1980), p. 221.

31) U. Olsher, R. M. Izatt, J. S. Bradshaw, and N. K.
Dalley, Chem. Rev., 91, 137 (1991).

32) K. Tanaka and M. Nomura, J. Chem. Soc., Faraday
Trans. 1, 83, 1779 (1987).

33) D. Eisenberg and W. Kauzmann, “The Structure and
Properties of Water,” Clarendon Press, (1969), p. 243.




