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Polarized Raman scattering and neutron diffraction measurements have been carried out for concentrated LiBr ace-
tone solutions, in order to deduce detailed information on the solvation structure of Li

 

�

 

 in non-aqueous solutions.  Isotro-
pic Raman spectra observed for (LiBr)

 

x

 

[(CH

 

3

 

)

 

2

 

C

 

�

 

O]

 

1

 

�

 

x

 

 with 

 

x

 

 

 

�

 

 0.02–0.06 exhibited a polarized peak at 

 

ν

 

 

 

≈

 

 370 cm

 

�

 

1

 

which is attributable to the interionic vibration of Li

 

�

 

Br

 

�

 

 ion pair which is formed in the solutions.  The neutron dis-
tribution function around Li

 

�

 

, 

 

G

 

Li

 

(

 

r

 

), derived from the first-order difference function between 

 

6

 

Li/

 

7

 

Li isotopically substi-
tuted 6 mol% LiBr acetone-

 

d

 

6

 

 solutions indicated the presence of a well-defined first solvation shell around Li

 

�

 

 in the so-
lution.  The nearest neighbor Li

 

�

 

O(acetone) distance, 

 

r

 

LiO

 

, and coordination number, 

 

n

 

LiO

 

, were respectively
determined to be 2.24(1) Å and 3.2(1), from the least squares fitting analysis for the observed difference interference
function, 

 

∆

 

Li

 

(

 

Q

 

).  Structure parameters for the nearest neighbor Li

 

�

 

Br

 

�

 

 interaction were determined to be 

 

r

 

LiBr

 

 

 

�

 

2.86(2) Å and 

 

n

 

LiBr

 

 

 

�

 

 0.8(1), respectively.

 

The elucidation of the solvation structure around the alkali
metal ion in organic solvents is indispensable for understand-
ing the reaction mechanism of various organometallic com-
pounds (e.g. synthetic reaction of CH

 

3

 

Li

 

1

 

 and C

 

2

 

H

 

5

 

Li

 

2

 

 in
ether).  Lithium halogenides are considered to be one of the
most suitable solutes for probing the microscopic structural in-
formation concerning the ion-solvent interactions, as well as
the ion-ion interactions because of their high solubilities in
various organic solvents.  Although the hydration structure of
Li

 

�

 

 in aqueous lithium halogenide solutions has been exten-
sively investigated by means of X-ray

 

3–16

 

 and neutron
diffraction

 

17–32

 

 techniques, only a limited number of structural
studies on solvated Li

 

�

 

 in organic lithium halogenide solutions
have been reported.

The neutron diffraction study on 

 

6

 

Li/

 

7

 

Li isotopically substi-
tuted 0.58M LiBr acetonitrile solutions by Cartailler et al.

 

21

 

has revealed that Li

 

�

 

 is surrounded by, on the average, three
acetonitrile molecules and ca. one bromide ion (

 

r

 

LiBr

 

 

 

�

 

 2.46
Å), and that the nitrogen atom contained in each of the three
CD

 

3

 

CN molecules faces towards Li

 

�

 

 (

 

r

 

LiN

 

 

 

�

 

 2.05 Å).  More
recently, the present authors’ group has investigated the solva-
tion structure of Li

 

�

 

 in highly concentrated methanolic LiBr
and LiI solutions by use of the neutron diffraction with the 

 

6

 

Li/

 

7

 

Li isotopic substitution method.

 

32,33

 

  We reported that the
Li

 

�

 

O(methanol) interatomic distance, 

 

r

 

LiO

 

, and the coordi-
nation number, 

 

n

 

LiO

 

, are 1.97(6) Å and 3.0(5) for the 25 mol%
LiBr solution, and 

 

r

 

LiO

 

 

 

�

 

 1.93(6) Å and 

 

n

 

LiO

 

 

 

�

 

 1.8(5) for the
33 mol% LiI one, respectively.  In addition, the low-frequency
isotropic Raman spectra observed for the concentrated metha-
nolic LiBr solution

 

32

 

 has been evidence for the formation of a
contact ion pair Li

 

�

 

Br

 

�

 

.  Far-infrared absorption spectra for
various organic solutions containing alkali metal ions have
been studied by Popov et al.

 

34–39

 

 and by French and Wood.

 

40

 

Absorption bands characteristic for each kind of alkali metal

ion have been found out, for example, at 

 

ν

 

 

 

�

 

 400–430 cm

 

�

 

1

 

for Li

 

�

 

, 170–200 cm

 

�

 

1

 

 for Na

 

�

 

, and 140–150 cm

 

�

 

1

 

 for K

 

�

 

, re-
spectively.  These absorption bands have been assigned to the
intermolecular vibration between the cation and solvent mole-
cules.  It may be of considerable interest to investigate struc-
tural details of the interaction between the carbonyl oxygen
atom of the organic solvent molecule and Li

 

�

 

, which have not
yet been obtained.  Neutron diffraction with 

 

6

 

Li/

 

7

 

Li isotopic
substitution method is considered to be one of the most suit-
able experimental techniques to deduce the solvation structure
around Li

 

�

 

 in the solution.
In this paper, we report results of low-frequency isotropic

Raman scattering and neutron diffraction measurements for
concentrated LiBr acetone solutions, in order to deduce de-
tailed structural information concerning the first solvation shell
around Li

 

�

 

 as well as to investigate the formation of the
Li

 

�

 

Br

 

�

 

 pair in lithium halogenide acetone solutions.

 

Experimental

 

Materials.    

 

6

 

Li-enriched lithium bromide was prepared by re-
acting 

 

6

 

Li

 

2

 

CO

 

3

 

 (95.45% 

 

6

 

Li, Tomiyama Chemical Co., Ltd.) with
a slight excess of the concentrated aqueous hydrobromic acid so-
lution (Nacalai Tesque, Guaranteed grade).  The product solution
was dehydrated by heating at 180 ˚C under vacuum.  Anhydrous

 

nat

 

LiBr (92.5% 

 

7

 

Li, natural abundance) was obtained by the dehy-
dration of 

 

nat

 

LiBr•H

 

2

 

O (Nacalai Tesque, Guaranteed grade) at 180
˚C under vacuum.

Required amounts of anhydrous 

 

nat

 

LiBr and 

 

6

 

LiBr were dis-
solved into (CH

 

3

 

)

 

2

 

C

 

�

 

O (natural abundance, Nacalai Tesque,
Guaranteed grade), which was dried with molecular sieves 4A
(Nacalai Tesque), to prepare 2,4, and 6 mol% LiBr–acetone solu-
tions.  The sample solution was sealed into a Pyrex

 

®

 

 cell (10 

 

�

 

 10
mm and 40 mmH) and used for the Raman scattering measure-
ment.



 

1010

 

Bull. Chem. Soc. Jpn., 

 

74

 

, No. 6 (2001) Structure around Li

 

�

 

 in Acetone Solutions

 

[BULLETIN 2001/06/13 23:16] 00374

 

Weighed amounts of enriched anhydrous 

 

*

 

LiBr were dissolved
into acetone-

 

d

 

6

 

 (99.9% D, ISOTEC Inc.) to prepare 6 mol% 

 

*

 

LiBr
acetone-

 

d

 

6

 

 solutions with different 

 

6

 

Li/

 

7

 

Li isotopic compositions.
Each sample solution was sealed into a cylindrical quartz cell
(11.8 mm in inner diameter and 1.1 mm in thickness, respectively)
and used for the neutron diffraction measurement.  Sample param-
eters are listed in Table 1.  The coherent scattering length, 

 

b

 

, and
scattering and absorption cross sections, 

 

σ

 

s

 

 and 

 

σ

 

a

 

, for the constit-
uent nuclei, were respectively referred to the corresponding ones
tabulated by Sears.

 

41

 

  Scattering cross sections for the deuterium
atom within an acetone molecule were employed as values for the
“free” scattering cross section, such values were successfully
adopted in the data correction for neutron scattering intensities
from NiCl

 

2

 

 solutions in deuterated methanol.

 

42

 

Raman Scattering Measurements.    

 

The polarized Raman
spectrum was obtained at 25 ˚C in the frequency range of 30 

 

≤

 

 

 

ν

 

 

 

≤

 

1200 cm�1 using a JASCO NR-1100 spectrometer with a 514.5
nm line of an NEC GLG-3200 Ar� laser operated at 200 mW.  The
calibration of the monochromator was made using 89 neon emis-
sion lines.  The efficiency of the polarization filter was carefully
checked through the measurement of the depolarization ratio of
ν1, ν2, and ν4 vibrational bands of CCl4 molecule in the liquid
state.  Details concerning the present Raman scattering measure-
ment are identical to those described in our previous papers.43,44

Neutron Diffraction Measurements.    Neutron diffraction
measurements were carried out at 25 ˚C using an ISSP 4G (GP-
TAS) diffractometer installed at the JRR-3M research reactor op-
erated at 20 MW in Japan Atomic Energy Research Institute
(JAERI), Tokai, Japan.  The incident neutron wavelength, λ �
1.090 � 0.002 Å, was determined by Bragg reflections from Al
powder. Collimations used were 40′�40′�40′ in going from the
reactor to detector.  The aperture of the collimated beam was 14
mm in width and 32 mm in height.  Scattered neutrons from the
sample were collected over the angular range of 3 ≤ 2θ ≤ 114˚,
which corresponds to 0.30 ≤ Q ≤ 9.67 Å�1 (the scattering vector
magnitude, Q � 4πsinθ/λ).  The step interval was chosen to be
∆(2θ) � 0.5˚ in the range of 3 ≤ 2θ ≤ 40˚ and ∆(2θ) � 1˚ in the
range of 41 ≤ 2θ ≤ 114˚, respectively.  The preset neutron monitor
counts were 1.80 � 109 and 1.45 � 109 for 6LiBr and natLiBr solu-
tions, respectively.  Scattering intensities were measured in ad-
vance for a vanadium rod (10 mm in diameter), empty cell and
background, respectively.

Data Reduction

Raman Scattering Data.    The correction of the Bose–
Einstein factor for the observed Raman spectrum, which is
needed to distinguish low-frequency vibrational components,
was made using the equation below:45–48

Icorrected(ν) � (ν0 � ν)�4 ν[1 � exp (�hν/kT)]Iobs(ν), (1)

where, ν and ν0 are the Stokes–Raman shift and frequency of
the incident light, respectively.  T corresponds to the absolute
temperature.  The isotropic Raman intensity, Iiso(ν), can be giv-
en by

Iiso(ν) � I//(ν) � (4/3)I⊥ (ν), (2)

where, I//(ν) and I⊥(ν) denote the corrected parallel and per-
pendicular spectra, respectively.  The peak analysis of the iso-
tropic spectrum was performed with a SALS program,49 as-
suming a Gaussian peak shape function.

Neutron Diffraction Data.    Observed scattering intensi-
ties from the sample were corrected for the instrumental back-
ground, and absorption,50 multiple51 and incoherent scatter-
ings.  The observed count rate was then converted to an
absolute scale by using scattering intensities from the vanadi-
um rod.  The first-order difference function,52–54 ∆Li(Q), was
determined by taking the numerical difference in the normal-
ized scattering cross section between samples with different Li
isotopic compositions.  The inelasticity effect, mainly arising
from the self scattering contribution by D atom within the ace-
tone molecule, can be expected to disappear through the sub-
traction of the two scattering cross sections in which the in-
elasticity distortion is equally involved.

∆Li(Q), scaled by the stoichiometric unit, (LiBr)x[(CD3)2-
C�O]1�x, can be represented as a linear combination of partial
structure factors concerning the Li atom as follows:

∆Li(Q) � A[aLiO(Q) � 1] � B[aLiD(Q) � 1] 
� C[aLiC(Q) � 1] � D[aLiBr(Q) � 1] 
� E[aLiLi(Q) � 1] � correction term, (3)

and

A � 2x(1 � x)(bLi � b′Li)bO, B � 12x(1 � x)(bLi � b′Li)bD,
C � 6x(1 � x)(bLi � b′Li)bC, D � 2x2(bLi � b′Li)bBr,
E � x2(bLi

2 � b′Li
2),

where bi stands for the mean scattering length of nucleus i.
Contributions from atom pairs that do not include Li� are can-
celed out in ∆Li(Q).  The correction term in Eq. 3 arises by a
slight difference in the inelasticity contribution in the self scat-
tering term between 6Li and 7Li, which is expected to be negli-
gibly small.  Coefficients of respective partial structure factors
in ∆Li(Q) are listed in Table 2.

The Fourier transform of ∆Li(Q) corresponds to the distribu-
tion function around Li�, GLi(r),

Table 1. Isotopic Compositions, Mean Scattering Length, bLi, for Lithium Atom, Total Cross Sections, and the Number Density
Scaled in the Stoichiometric Unit (LiBr)x[(CD3)2C�O]1�x, σt, and ρ, Respectively, for Sample Solutions Used in This Study

Samples 6Li/% 7Li/% bLi/10�12 cma) σt/barnsb) ρ/Å�3

(6LiBr)0.06[(CD3)2C�O]0.94 95.5 4.5 0.181 72.162
0.00860

(natLiBr)0.06[(CD3)2C�O]0.94
c) 7.5 92.5 �0.190 42.152

a) Taken from Ref. 41.  b) For incident neutron wavelength of 1.090 Å.  c) The superscript “nat” denotes the natural abun-
dance.
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� [AgLiO(r) � BgLiD(r) � CgLiC(r) � DgLiBr(r) 
� EgLiLi(r)]� (A � B � C � D � E)�1, (4)

where ρ is the number density of atoms scaled in the stoichio-
metric unit (LiBr)x[(CD3)2C�O]1�x.  gLij(r) denotes the partial
distribution function for Li–j atom pair.  The upper limit, Qmax,
in the Fourier integral was taken to be 9.67 Å�1 in the present
work.  The self-consistency of the observed ∆Li(Q) was care-
fully checked by the following procedures.  i) The observed
∆0

Li(Q) was firstly Fourier transformed to obtain G0
Li(r).  ii)

Unphysical features which appeared in the G0
Li(r) at the sub-

atomic region below r � 1.2 Å was then removed.  iii) Correct-
ed G0

Li(r) was back-transformed to obtain ∆1
Li(Q) in which

low-frequency systematic errors due to slight imbalance of the
H atom and small uncertainties in the absorption correction
were eliminated.  iv) The difference between ∆0

Li(Q) and
∆1

Li(Q) was extensively smoothed to obtain the correction
function.  It was confirmed that the correction function did not
exhibit any sudden fluctuation.  v) The correction function was
subtracted from the observed ∆0

Li(Q) to obtain fully corrected
∆Li(Q), and employed in the subsequent least squares analysis.

Structural parameters concerning the first coordination shell
of Li� in the solution were determined by the least squares re-
finement analysis of the observed ∆Li(Q).  The theoretical in-
terference function, ∆Li

calc(Q), is written as the sum of short-
and long-range interactions as the following equation:55–57

∆Li
calc(Q) � Σ 2xnLij(bLi � b′Li)bjexp (� lLij

2Q2/2) 
� sin (QrLij)/(QrLij)
� 4πρ (A � B � C � D � E) 
� exp (� l0Lij

2Q2/2)[Qr0Lij cos (Qr0Lij) 
� sin (Qr0Lij)]]Q�3, (5)

where nLij, lLij and rLij denote the coordination number, root
mean square amplitude, and interatomic distance for Li–j pair,
respectively.  The long-range parameter, r0Lij, is the distance
beyond which the uniform distribution of j atoms around Li� is
assumed, and l0Lij describes the sharpness of the boundary at
r0Lij.  The theoretical ∆Li

calc(Q) was evaluated on the basis of
the following assumptions.  a) For the interaction between Li�

and the nearest neighbor acetone molecule, structural parame-
ters, rLiO, lLiO, nLiO, the bond angle, α (� ∠Li� O�C1), and
the dihedral angle β between the molecular plane of the ace-
tone molecule, and the plane involving Li�, O, and C1 atoms,
were treated as independent parameters.  The molecular geom-
etry of the acetone molecule is fixed to those observed in
gaseous58–64 and liquid65,66 states.  The r.m.s. amplitudes for
non-bonding interaction within the nearest neighbor
Li� acetone unit, lLij, were approximated through the follow-
ing equation:55

lLij � lLiO � (rLij/rLiO)1/2 (6)

where rLij denotes the calculated intermolecular distance with-
in the structural unit.  b) It was suggested in the preliminary
analysis of ∆Li(Q) that a significant improvement of the fit is
feasible by introducing the contribution from Li� Br� ion
pair located at r ≈ 2.8 Å.  We therefore involved the nearest
neighbor Li� Br� contribution to the theoretical ∆Li

calc(Q).
Parameters, rLiBr, lLiBr, and nLiBr, were allowed to vary indepen-
dently.  c) The contribution from acetone molecules within the
second solvation shell around Li� was also introduced to im-
prove the fit in the low-Q region.  They were treated as a single
interaction, in which the sum of coherent scattering lengths of
constituent atoms within a single acetone molecule; 6bD � 3bC

� bO, was taken as the coherent scattering length bj in Eq. 5.
d) Structural parameters for the continuous long-range distri-
bution of atoms, such as l0Lij and r0Lij, were taken to be identi-
cal for all Li� j (j � C, O, D, Br, and Li) interactions for the
sake of reducing the number of independent parameters.  The
least squares refinement was carried out in the range of 0.3 ≤ Q
≤ 9.6 Å�1 using a SALS program,49 assuming statistical errors
distribute uniformly.

Results and Discussion

Low-Frequency Isotropic Raman Spectra.    The compo-
sition dependence of observed low-frequency isotropic Raman
spectra for LiBr–acetone solutions is shown in Fig. 1.  The in-
tensity of polarized peaks centered at ν ≈ 100 and ≈ 370 cm�1

exhibit a systematic increase with increasing LiBr content.
Since there is no indication of polarized peaks in this ν region
in the spectrum for pure liquid acetone, these polarized peaks
obviously reflect the effect of solute–solvent or solute–solute
interactions.  Results of the least squares fitting analysis ap-
plied to the observed spectra, using two Gaussian peaks with
the background function which can be approximated by the
third polynomial function of ν, are summarized in Table 3.

The position of the peak B for natLiBr solutions falls at al-
most the same ν value of 365–370 cm�1, irrespective of LiBr

Table 2. Values of the Coefficients of aij(Q) in Eq. 3

A/barns B/barns C/barns D/barns E/barns

0.02431 0.16742 0.08351 0.00182 �0.00001

G r r A B C D E Q Q Qr QQ
Li Li d( ) ( ) ( ) ( )sin( )max� � � � � �� �1 2 2 1 1

0π ρ ∫ ∆

Fig. 1. Composition dependence of the isotropic Raman
spectrum for LiBr–acetone solutions, (LiBr)x[(CH3)2–
C�O]1�x, at 25 ˚C.  The Gaussian components derived
from a least squares fit are indicated by solid lines.
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content.  The position of the peak B for the 6LiBr solution
shifts to ca. 25 cm�1 higher frequency side, implying that Li�

should move during the intermolecular vibration.  The present
position of the peak B is in good agreement with the frequency
of the Li� Br� stretching vibrational mode observed in high-
ly concentrated 20 and 25 mol% LiBr methanolic solutions, in
which the formation of contact ion pair, Li� Br�, is suggest-
ed.32  The isotopic shift for this peak in the methanolic solution
has been reported to be 22 cm�1, which is very close to the
present value for the acetone solution.  The Li� Br� interi-
onic vibrational band has also been obtained as the polarized
Raman peak centered at ν ≈ 340 cm�1 in highly concentrated
aqueous LiBr solutions,43,67 in which the formation of contact
ion pair is confirmed by our previous neutron diffraction
study.30  Consequently, the Raman peak B observed for the
present acetone solutions can be reasonably attributed to the
Li� Br� interionic vibration.  Since the peak B can clearly
be observed even for the spectrum for 2 mol% LiBr concentra-
tion, the formation of Li� Br� contact ion pair seems to oc-
cur at considerably lower solute concentrations in the acetone
solution.  This may be compared with cases of methanolic
LiBr32 and aqueous LiBr43,67 solutions, in which the Li� Br�

vibrational band appears only at higher solute concentrations
above ca. 20 mol% LiBr.

The assignment of the peak A is less clear at present, be-
cause of the strong Rayleigh background at the lower-frequen-
cy limit in observed parallel and perpendicular spectra.  The
Li� methanol intermolecular vibrational mode has been ob-
served at ν ≈ 150 cm�1 as the polarized peak in the isotropic
Raman spectrum for highly concentrated methanolic LiBr so-
lutions.32  The Raman peak A observed for the present acetone
solutions might be attributable to the Li� acetone intermo-
lecular vibrational mode.

Neutron Diffraction.    The difference function, ∆Li(Q), ob-
served for 6 mol% LiBr–acetone solution is shown in Fig. 2a.
Diffraction peaks located at Q ≈ 1.7 and 3 Å�1 are obviously
identified, as well as a small pre-peak at Q ≈ 0.8 Å�1.  The os-
cillational feature of ∆Li(Q) extends to the higher-Q region.
The observed distribution function around Li�, GLi(r), is repre-
sented in Fig. 3.  A dominant first peak at r ≈ 2.2 Å and the sec-
ond peak appearing at r ≈ 4.3 Å in the present GLi(r), clearly
indicate the existence of well-defined first solvation shell
around Li� in this solution.  The first peak at r ≈ 2.2 Å is attrib-
utable to the nearest neighbor Li� O(acetone) interaction
from the electrostatic point of view.  If we assume this first
peak as the Li� O interaction, the number of oxygen atom
around Li� can be estimated to be ca. 3 from the integration of
the present GLi(r) in the range of 1.6 ≤ r ≤ 2.6 Å.  The second

peak located at r ≈ 4.3 Å is considered to involve interactions
between Li� and carbon and deuterium atoms within the ace-
tone molecule in the first solvation shell.  In the crystalline
LiBr–acetone complex, LiBr•(CH3)2C�O, Li� is coordinated
with two oxygen atoms of two acetone molecules (rLiO �
1.9(1) and 2.0(1) Å) and with two bromide ions (rLiBr �
2.55(2) and 2.51(2) Å).68  Lithium and bromide ions are found
to form a four-membered Li2Br2 ring in this crystalline com-
pound.68  The nearest neighbor short-range structure around
Li� in concentrated LiBr–acetone solution may be consider-
ably different from that reported in the crystalline complex.

Table 3. 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 LiBr–Acetone Solutions, ν, w, and h, Respectivelya)

Peak A Peak B

x Solute ν/cm�1 w/cm�1 h ν/cm�1 w/cm�1 h
0.06 natLiBr 93(2) 122(7) 0.31(1) 370.3(5) 55(1) 0.96(1)
0.06 6LiBr 115(4) 131(12) 0.18(1) 395.6(9) 79(2) 0.59(1)
0.04 natLiBr 138(4) 95(9) 0.102(9) 365.3(8) 54(1) 0.39(1)
0.02 natLiBr 127(3) 127(13) 0.076(6) 369.2(7) 49(1) 0.202(6)

a) Estimated standard deviations are given in parentheses.

Fig. 2. a) Difference function, ∆Li(Q), observed for 6
mol% LiBr–acetone solution (circles).  The best-fit of cal-
culated interference terms in Eq. 5 (solid line).  b) The re-
sidual function, δ(Q) (circles).

Fig. 3. Distribution function around Li�, GLi(r), observed
for 6 mol% LiBr–acetone solution (circles).  The Fourier
transform of the line in Fig. 2a (solid line).  Contributions
from short-range Li� acetone(I), Li� Br�, and Li�

acetone(II) are denoted by broken-, thick dotted-, and thin
dotted lines, respectively.  A dashed-dot line indicates the
long-range interaction.



Y. Kameda et al. Bull. Chem. Soc. Jpn., 74, No. 6 (2001) 1013

[BULLETIN 2001/06/13 23:16] 00374

We next carried out the least squares fitting analysis of the
observed ∆Li(Q) to determine structural parameters concerning
the first solvation shell around Li�; the result of this fit is indi-
cated in Fig. 2.  A satisfactory agreement is obtained between
observed and calculated ∆Li(Q) in the whole Q-range.  Final
values of all independent parameters are summarized in Table
4.  The nearest neighbor Li� O distance, rLiO, and coordina-
tion number, nLiO, are determined to be 2.24(1) Å and 3.2(1),
respectively.  The bond angle α (� Li� O�C1) and the dihe-
dral angle β between the molecular plane of acetone molecule
and a plane involving Li�, O, and C1 atoms, were obtained to
be 171(1)˚ and 20(2)˚, respectively.  A slight departure of the
present bond angle, α, from the linear Li� O�C1 coordina-
tion, which has been predicted for isolated Li� formal-
dehyde complex from the molecular orbital calculation,69 may
be interpreted by the packing effect which may occur in the ac-
etone solution.  The present Li� O distance is ca. 0.2 Å long-
er than that observed in concentrated aqueous17–32 and
methanolic33,34 lithium halogenide solutions, in which hydrox-
yl oxygen atoms are strongly coordinated to the Li� character-
ized by the presence of well resolved Li� O stretching vibra-
tional bands observed in the isotropic Raman spectra.32,43  On
the other hand, less definitive interaction of the Li� O(ace-
tone) peak has been obtained in the present isotropic Raman
spectra, which is consistent with the result from the neutron
data.  Present results are therefore considered to represent a
significant difference in the Li� O interaction between sol-
vents involving the hydroxyl- and the carbonyl oxygen atoms
in solution.  The present value of the nearest neighbor
Li� Br� distance, rLiBr � 2.86(2) Å, is in good agreement
with that observed in crystalline lithium bromide monohy-
drates (rLiBr � 2.85 Å, for β-LiBr•H2O and rLiBr � 2.84 Å, for
α-LiBr•H2O).70  The coordination number, nLiBr, is determined
to be 0.8(1), implying that the contact ion pair, Li� Br�, is
formed in the present solution.  The result is consistent with
that obtained from the present isotropic Raman spectra as de-
scribed in the previous section.  In the present solution, Li� is
surrounded by, on the average, ca. one Br� and ca. three ace-
tone molecules, with each oxygen atom of the acetone mole-
cule facing toward central Li�.  It has also been revealed that
ca. five acetone molecules are involved in the second solvation
shell of Li� with a much broadened distribution centered at
6.37 Å, which cannot be decomposed at the present time.  To
obtain unambiguous information on the configuration of ace-
tone molecules in the second solvation shell, it is necessary to
determine partial distribution functions such as gLiO(r), gLiC(r),

and gLiH(r), which are given through further experiment in-
cluding H/D isotopic substitutions.  Along this line, data analy-
ses of H/D isotopically substituted solutions are now in
progress.
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