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SECTION A 

Conductance of Some 1:1 

Dimethylacetamide at 298.15K. 

Electrolytes 
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in N,N-

Lithium has been used for many years as an anode material for nonaqueous 

batteries. 1 In such systems, the choice of electrolyte solution and optimization of its 

salt concentration are two important factors. An electrolyte possessing high specific 

conductivity and, h~nce, minimal ion-ion interaction is required to maintain the cell 

at low resistance. Knowledge of the state of association of the electrolytes and their 

interaction with solvent molecules is essential for the optimal choice of solvent and 

electrolyte. 

Recently, we have initiated a comprehensive program to study Li+ ion 

solvation in different nonaqueous solvents from the measurements of various 

transport, thermodynamic and spectroscopic prqperties. 2"
9 In this section, an attempt 

is made to unravel the nature of various types of interactions prevailing in 

solutions of some lithium salts -lithium chloride LiCl , lithium bromide LiBr, 

lithium iodide Lil, lithium perchlorate LiCl04, lithium tetrafluoroborate LiBF4, and 

lithium hexafluoroarsenate LiAsF6 in N,N-Dimethylacetamide - from precise 

conductivity measurements. Conductance measurements have also been performed 

on two other electrolytes, tetrabutylammonium bromide BU4NBr, and 

tetrabutylammonium tetraphenylborate Bu4NBPh4, in order to obtain the limiting 

single-ion conductivities in this solvent medium. 
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EXPERIMENTAL 

N,N-Dimethylacetamide (E.Merck, India,> 99.5%) was distilled twice in an 

all-glass distillation set immediately before use and the middle fraction collected. 

The purified solvent had a density of 0.93652 g-cm·3, a coefficient ofviscosity of 

0.9330 mPa-s, and a specific conductance of about 1.01 x 10-6 S-cm·1 at 298.15K. 

These values are in good agreement with literature values. 10 

The salts were ofFluka's purum or puriss grade. 

To avoid moisture pick up, all solutions were prepared in a dehumidified 

room with utmost care. Several independent solutions were prepared and runs were 

performed to ensure the reproducibility of the results. Correction was made for the 

specific conductance of the solvent. 

The details of the experimental procedure have been described in Chapter-

III. 

\ 

RESULTS AND DISCUSSION 

The measured molar conductance, A , of electrolyte solutions, as a function 

ofmolar concentration cat 298.15K are given in Table I, 

The conductance data have been analyzed by the 1978 Fuoss conductance-

concentration equation.ll,l2 For a given set of conductivity values (Cj, Aj, j = 1 ..... , 

n) three adjustable parameters, the limiting molar conductivity A 
0 

, association 
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constant Ka and the cosphere diameter R are derived from the following set of 

equations: 

f\= p[A0 (1+Rx)+EL] (1) 

p = 1- a (1-y) (2) 

y= 1-Kac,?:f (3) 

-lnf= J3K!2 (1 + KR) (4) 

J3 = e2le KBT (5) 

Ka = KR I (I -a) =·KR (1 + Ks) (6) 

Where Rx is the relaxation field effect, EL is the electrophoretic 

countercurrent, e is the relative permittivity of the solvent, e is the electronic ~harge, 

KB is the Boltzmann constant, y is the fraction of solute present as an unpaired ion, 

c is the molarity of the solution, f is the activity coefficient, T is the temperature in 

absolute scale, and J3 is twice the Bjerrum distance. The initial 1\
0 values for the 

iteration procedure were obtained from the Shedlovsky extrapolation13 of the data. 

Input for the program is the set (Cj, Aj, j = 1, ..... , n), n, a, 11, T, initial value of /\0
, 

and an instruction to cover a preselected range of R values. 

In practice, calculations are made by finding the values of 1\
0 and cr , which 

minimize the standard deviation, cr , 

n 
cr 2 = L [Aj (calc)- /\0

j (obs)]2 I (n- 2) (7) 
j =1 -
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for a sequence of R values and then plotting a against R; the best-fit R 

corresponds to the minimum in a vs. R curve. However, since a rough scan using 

unit increment of R values from 4 to 20 gave no significant minima in the cr(%) vs 

R curves, the R value was assumed to be R = a + d, where a is the sum of the ionic 

crystallographic radii and d is given by12 

d = 1.183 (Mfpo)113 (8) 

where M is the molecular weight of the solvent and Po its density. 

The values of /\0
, Ka and R obtained by this procedure are reported m 

Table II. 

The association constants Ka ofthese electrolytes (cf, Table II) indicate that 

these salts are slightly associated in N,N-dimethylacetamide. This implies that a 

preponderant portion of each salt remains dissociated in this solvent medium. The 

Ka values of the lithium salts are, in general, found to decrease with increasing size 

of the anion; LiAsF6 is, however, an ·exception, which has the highest Ka value 

though the crystallographic radius of AsF6- ion is maximum among the anions 

investigated. 

In order to investigate the specific behaviour of the individual ions 

comprising these electrolytes, it is necessary to split the limiting molar electrolyte 

conductances into their ionic components. In the absence of accurate transport 

number data for these systems, we have used the "reference electrolyte" method for 

the division of 1\
0 into their ionic components. Bu~Pl4 has been used as the 
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"reference electrolyte."14 Bu4NBPl4 was also used as the reference electrolyte by 

Fuoss and Hirsch15 to evaluate the limiting ionic conductances in several organic 

solvents. We have divided the /\0 values ofBu4NBPl4 into ionic components using a 

method similar to that proposed by K.rumgalz16. 

A0 (BuX) I A0 (Pl4R) = r (P~) I r (BuX) = 5.3515.00 = 1.07 (9) 

The r values have been taken from the works of Gill et a1. 17
'
18 The limiting 

ion conductances calculated from the above equation are recorded in Table III. 

It is seen from Table III that for the halide ions, the 'A 0 values decrease in 

the following order : cr > Br- > r i.e. the limiting ionic conductivity values' 

decrease with increasing size of these anions. 

This is also found to be true for the molecular anions, i.e., the J,.. 0 values of 

these ions decrease in the order BF4 > Cl0-4 > AsF6- > p~-. 

This observation indicates that all these anions remain unsolvated in N,N- -

dimethylacetamide solutions. ~ad these tons been solvated in N,N

dimethylacetamide, their limiting ionic conductivity values would have been in the 

reverse order, since the smaller ions· with higher surface charge density could 

associate a greater number of solvent molecules to form a larger solvodynamic 

entity with lower mobility which is not observed here. 

The starting point for most evaluations of ionic conductances is Stokes' law 

that contends that the limiting Walden product (the limiting ionic conductance -

solvent viscosity product) for any singly charged, spherical ion is a function only of 
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the ionic radius and, thus, under normal conditions, is a constant. In Table III we 

have collected the Stokes' radii (rs) of the ions in N,N-dimethylacetamide. For 

lithium ion, the Stokes' radius is much higher than its crystallographic radius, 

·suggesting that this ion is significantly solvated in this solvent medium. The Stokes' 

radii of the other ions are, however, found to be either very close to or smaller than 

their corresponding crystallographic radii. This observation indicates that· these ions 

are scarcely solvated in N,N-dimethylacetamide solutions. This also supports our 

earlier contention derived from the order of the limiting ionic conductivity values. 

It may thus be concluded that all these lithium salts remain slightly 

associated in N,N-dimethylacetamide solutions apparently due to the medium 

relative permittivity of the solvent. Lithium ion is found to be significantly solvated 

in this solvent medium, while the other ions remain scarcely solvated. 



SECTIONB 

A STUDY ON VOLUMETRIC AND 

PROPERTIES OF SOME LITHIUM 

DIMETHYLACETAMIDE AT 298.15 K 
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COMPRESSIBILITY 

SALTS IN N,N-

Proteins belong to an important family of biomolecules which make up a 

large part ofthe animal body. The most sensitive part of protein molecules are their 

amide or peptide linkages i.e.-CO-N< groupings. Due to the close resemblance 

with proteins, amides can act as a reasonable model to investigate the different 

structural problems in molecular biology. The study of thermodynamic properties 

gives a very interesting opportunity to closely follow the nature of interactions of 

solutes with solvent. The volumetric property is a useful parameter for interpreting 

solute-solvent interactions in sulution. Various concepts regarding molecular 

processes in solutions such as electrostriction, hydrophobic hydration, micellization 

and co-sphere overlap during solute-solvent interactions19
'
20 have to some extent 

been derived from the partial molar volume data of diverse compounds. In recent 

years21
'
22 along with partial molar volume data the ultrasonic velocity studies in 

many of the non-aqueous electrolyte solutions have led to shed light on the 

molecular interactions in the solvation process. This paper presents the results of a 

comprehensive study of the apparent molar volumes and adiabatic compressibilities 

of some lithium salts e.g. LiCl, LiBr, Lil, LiC104, LiBF4 in a tertiary amide N,N

dimethylacetamide in order to examine the ion-ion and ion-solvent·interactions in 

this medium. The solvent is miscible with water and is generally similar in its 
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properties to N,N-dimethylformamide. Due to the presence of third methyl group in 

N,N-dimethylacetamide, it is electron donating and its ability to solvate cations is 

greater than that of dimethylformamide, acetone, acetonitrile and benzonitrile. 23 The 

importance of this solvent also lies in the fact that it has a similarity with basic 

peptide structure of proteins. 

EXPERIMENTAL 

N,N-dimethylacetamide (E.Merck, India,> 99.5%) was distilled twice in an 

all-glass distillation set immediately before use and the middle fraction was 

collected. The purified solvent had an ultrasonic sound velocity of 1463 ms-1 at 

298.15K. The details of the experimental procedure have been described in chapter 

III. 

RESULTS AND DISCUSSION 

The apparent molar volumes (<i>v) were calculated from the densities of the 

solutions using the equation 

<!>v = Mlpo- IOOO(p- Po)/cpo (10) 

where, c is the molarity of the electrolyte solution, M is the molecular weight ofthe 

solute and p and Po are the densities of the solution and solvent respectively. 

The molar concentrations, densities and the apparent molar volumes of the 

various electrolyte solutions in N,N-dimethylacetamide at 298.15K are given in 

Table IV. 
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From the <!>v data, <!>v versus ~c curves have been drawn and the plots were 

found to be linear in all the cases with positive slopes. Obviously, the Masson's 

empirical relation namely, 

(11) 
""' 

is applicable at this temperature and concentration range studied here. The 

limiting apparent molar volumes, <l>v 0 
, (equal to partial molar volumes at infinite. 

dilution, <l>v0 = V2°) are obtained by the least-squares fitting of <!>v values to the 

above equation and these values along with the experimental Sv * values have · 

been reported in Table V. 

From Table V we see that the Sv* values are positive for all these 

lithium salts in. N,N-dimethylacetamide, indicating appreciable ion-ion interactions 

in this solvent medium. The <l>v o values are also large and positive and increase 

with increase in size of the anions. This is in agreement with earlier findings in · 

several non-aqueous solvents as well as in water and heavy water.25 The · 

calculations of the ionic limiting partial molar volumes have been done following 

the method of Conway et al. 26 The V 2 ° "values for the tetraalkylammonium bromides· 

in N,N-dimethylacetamide at 298.15K were plotted against the formula weight of 

the corresponding tetraalkylammonium ions. An excellent linear relationship was 

observed for all the salts examined and therefore the results fitted eq. (12). 

(12) 

:: 

. ,·.· 
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I and extrapolation to zero cationic formula weight gave the limiting partial molar 

volumes of the bromide ion (-9.79 cm3mor1
). Such values have been obtained for 

this anion in 2-methoxyethanof7 and 1,2-dimethoxy ethane.28 The values for the 

cation and other anions have been computed from this anionic value by additive 

procedures and were found to be 26.34, -2.87, -3.31, -3.94 and -18.54 (cm3mo1"1
) 

In general, the smallest anion ccr, crystallographic radius 0.18 nm) with 

maximum surface charge density upon it, is expected to be the least mobile because 

of its heavy solvation. This is exactly the opposite to what we observe in the present 

solvent medium. Electrostatic solvation of these ions must decrease with increase in 

size going from chloride to iodide ion. However, the opposite trend observed could 

be explained that with increase in size and hence with increasing co-ordination 

number of the anions, more and more solvent molecules can fit in their first co-

ordination shells29
'
30 thus increasing the intrinsic size of these ions going from 

chloride to iodide ion. 

· Adiabatic compressibility coefficient, f3, were derived from the relation, 

(13) 

where, u is the velocity of sound and d is the density of the solution. The apparent 

molar adiabatic compressibility ( <!>k) of the liquid solutions were calculated from the 

relation, 

(14) 
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where, f3o, and J3 are the compressibility coefficients of the solvent and 

solution respectively. The molar concentration (c), sound velocity (u), adiabatic. 

compressibility (<!>k) for all the lithium salts in N,N-dimethylacetamide have been 

reported in Table IV. 

From Table IV it can be seen that the sound velocity increases with 

increase in concentration of the salt solution and these values are less than that of the 

pure solvent. This can be attributed to two effects 31
; (i) a decrease in compressibility 

caused by the introduction of incompressible ions; and (ii) a change of solvent 

structure around the ion. 

The contribution of (i) is generally larger and depends more on 

concentration than on the kind of ions. Adiabatic compressibility decreases with 

increase in concentration for all the electrolytes studied. The addition of electrolyte 

lowers the compressibility of the solvent due to the orientation of the solvent 

molecules around the ion, which normally increases the internal pressure. In the 

presence of an ionized solute, the solvent molecules in the solutions behave as 

though subjected to a constant effective pressure in addition to atmospheric 

pressure. This effective pressure arises from the forces of attraction between ions 

and solvent dipoles and increases with the charge density on the ions. 

The concentration dependence of apparent molar adiabatic compressibility is 

given by, 
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(15) 

where Sk is an experimentally determined slope· and <!>\ is the limiting 

apparent molar adiabatic compressibility. The <1>\ values for LiCl, LiBr, Lil, LiCl04 

and LiBF4 are -72.77 ± 0.01, -92.31 ± 0.05, -116.17 ± 0.01, -113.02 ± 0.01 and 

-91.93 ± 0.01 (1015 m3mor1Pa"1
) respectively. Such negative <!>\values for alkali 

metal salts have also been reported in 2-methoxyethano1.27 

It is seen that all the Li salts studied have negative limiting apparent molar 

adiabatic compressibilities (<!>\)which become more negative with increase in size .. · · 

of the anion. Negative <!>\ values <?f the salts are interpreted in terms of loss of· 

compressibility of the N,N-dimethylacetamide due to electrostrictive forces in the 

vicinity of the ions. Here the lithium ion being the common cation, the loss of 

compressibility due to cation is the same in all cases, the anions are evidently · 

making the difference. 

In order to gain more insight regarding ion-solvent interaction, . we have 

divided the <1>\ values into their ionic contributions in the same way as done for<l>0
v 

values. Thus, the intercept in the plot of apparent molar adiabatic compressibilities . • 

of RtW ions versus cation formula weights is the ionic apparent molar adiabatic 

compressibility of the Br· ion. Individual ionic compressibilities of cr, BF 4-, Br·, 

Cl04-, r and Li+ are -199.45, -218.62, -219, -239.70, -242.85 and 126.68 

(1015 m3mor1Pa-1
) respectively. The results show that ionic apparent molar adiabatic 

compressibility value for Li+ ion is large positive whereas those for the anions are 
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large negative. As oxygen atom is more electronegative than nitrogen atom, so 

oxygen has a greater tendency to pull the lone pair of electrons on nitrogen atom 

through the intervening carbon atom .. This leads to the development of a positive 

centre on nitrogen and a negative one on oxygen atom. The electron rich oxygen 

atom tends to form a co-ordinate bond with the lithium ion and thus the cation forms 
·~\ 

·a kinetic entity with the solvent which is compressible to a great extent thus causing 

a greater degree of disorder in the solvent structure. The negative compressibility of 

these anions are obviously due to the electrostriction of solvent molecules around 

these ions arising from their relatively high charge density values. The extent of 

electrostriction is maximum in the case of the cr ion, and this will decrease 

gradually with increase in size ofthe anions. This explains the observed trend in the. 

ionic <I>\ values: Cr>Bf > r. 

The investigation thus indicates that the lithium salts studied here exhibit 

appreciable ion-ion interaction in N,N-dimethylacetamide and comparatively larger 

size anions show greater electrostatic solvation in this medium in contrast to 

electrostriction effect where smaller size anions predominate over others. 
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SECTION C 

SPECTRAL MEASUREMENTS OF SOME LITHIUM SALTS IN 

N,N-DIMETHYLACETAMIDE 

In this section we have investigated the behaviour of some lithium salts e.g., 

lithium chloride (LiCl), lithium bromide (LiBr), lithium iodide (Lil), lithium 

perchlorate (LiC104), lithium tetrafluoroborate (LiBF4), and lithium 

hexafluoroarsenate (LiAsF6) in a tertiary amide, N,N-dimethylacetamide (DMA) 

using FTIR and FT Raman measurements and the results are reported here. 

Experimental 

The details of the experimental procedure have been described earlier in 

chapter III. 

Results and Discussion 

The FTIR and theFT-Raman spectra of pure solvent N,N-dimethylacetamide 

and the spectra of the salt solutions are reproduced in figures 1 to 14. 

The observed frequencies of the principal infrared and Raman bands are 

given in Table VI and VII. Some published data on the ordinary infrared sp~ctrum of 

the pure solvent are available32 and our results are found to be in good agreement 

with those. 
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A comparison of the infrared and Raman spectra clearly indicates that these 

two tec~iques are complementary- the strong peaks in infrared spectra appear as 

weak signals in Raman spectra and the converse being also true. 

Most of the infrared bands of N,N-dimethylacetamide are almost unaffected 

by the presence of these solutes. All the Raman peaks do not show any appreciable 

shifts in salt solutions. This may be ascribed to the simultaneous control of the 

opposing effects induced by the solutes which are almost of equal magn~tude. 

There is no evidence for the "spectroscopically free" anion, :x- ( X = Cl, Br, I, BF 4, 

AsF6), in the lithium salt ·solutions as no new peak characteristic of the. anions 

appeared for the salt solution ( a very weak peak at 931.5 cm-1 appeared only for . 

Cl04- ion in the Raman spectrum presumably due to very high concentration). This 

suggests possible absence of the free anions or ~olvent-separated ion-pair ~sx- (S 

is the solvent molecule) and/or to the solvent, separated dimmer, spectroscopically 

indistinguishable . from each other. The association constants (KA) of these 

electrolytes (in Section A) indicate that these salts are slightly associated in N,N

dimethylacetamide. This implies that a preponderant portion of each salt remains 

dissociated in this solvent medium. The absence of any characteristic infrar.ed and 

Raman peak in the salt solutions ·infers that the free ions must be significantly . 

solvated by the solvent molecules to render them spectroscopically undetectable. 8'
9 

The absence of any new peak also eliminates the probability of formation of contact 

ion-pair in solution.33'34 



71 

The most intense infrared bands involving the nitrogen and oxygen atoms of 

N,N-dimethylacetamide molecules exhibit almost parallel shifts in each salt · 

solution ( cf Table VI). This suggests that the perturbations, if any, in the 

environments ofthese atoms (viz., nitrogen, and oxygen) ofthe solvent molecules 

caused by the solute species would be almost of the same order. The Raman peaks, 

however, do not show any appreciable shifts in the electrolyte solutions. 

Thus we find that for all these lithium salts in N,N-dimethylacetamide, the 

corresponding cation and anion are significantly solvated in this medium. 
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Table 1 : Equivalent Conductances and Corresponding Molarities of 

Electrolytes in N,N-Dimethylacetamide at 298.15K 

104c A 104c A 
mol-dm-3 S-cm2-mor1 mol-dm-3 S-cm2-mor1 

LiCI LiBr 

149.961 50.67 150.418 51.70 

138.853 51.36 140.390 52.33 

127.745 52.12 130.362 52.90 

116.636 52.90 120.334 53.58 

105.528 53.73 110.307 54.19 

94.420 54.59 100.278 54.70 

83.312 55.56 90.251 55.18 

72.204 56.52 80.223 55.48 

61.095 57.59 70.493 55.84 

60.715 57.60 

Lil LiCI04 

129.606 41.34 141.250 47.70 

120.180 41.75 131.987 48.09 

109.969 42.35 122.725 48.46 

99.757 42.88 113.463 48.89 

89.546 43.30 104.201 49.23 

78.549 43.89 94.938 49.68 

69.909 44.45 85.676 50.15 

59.691 45.02 76.414 50.61 

52.766 45.43 67.151 51.10 

47.032 45.87 57.889 51.69 

Contd ... 
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I 
104c A· 104c A 
mol-dm-3 S-cm2-mor1 mol-dm-3 S-cm2-mor1 

LiBF4 LiAsF6 

140.241 51.34 149.511 . 30.63 

129.810 51.85 139.543 31.01 

120.538 52.44 129.576 31.51 

110.107 52.96 .119.608 31.89 

99.675 53.59 109.641 32.37 

90.403 54.22 99.674 32.90 

79.972 54.91 89.707 33.39 

69.541 55.67 79.739 33.93 

49.837 57.22 

Bu,.N'Br Bu,.NBPb4 

138.937 47.52 163.589 34.20 

129.013 48.22 154.471 34.66 

119.089 49.00 139.353 35.06 

109.165 49.71 127.236 35.54 

99.241 50.54 115.118 36.05 

89.317 51.49 103.000 36.52 

79.393 52.39 90.883 37.09 

69.469 53.35 78.765 37.62 

59.545 54.42 66.647 38.25 
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Table II. Conductivity Parameters of Electrolytes in N,N-

dimethylacetamide at 298.15Ka 

Salt Ao Ka R cr% 

LiCI 69.79 ± 0.20 45.76 ± 0.82 7.93 0.10 

LiBr 67.35±0.26 33.14±0.96 8.09 0.15 

Lil 51.97±0.15 30.09±0.78 8.33 0.15 

LiCI04 58.16±0.06 22.33±0.23 8.14 0.05 

LiBF4 65.08±0.12 30.03±0.46 8.31 0.09 

LiAsF6 43.26±0.19 52~05±1.28 9.26 0.09 

Bu4NBP1Lt 44.47±0.09 30.97±0.44 14.50 0.08 

Bu4NBr 69.27±0.20 45.63±0.88 12.10 0.08 

aunits; Ao, S-cm2-mor1
; Ka, dm3-mor1

; R, A. 
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Table ill . Limiting Ionic Conductances and Ionic Stokes' Radii 

in N,N-Dimeth!lacetamide at 298.15Ka 

Ion 1..,0 ± rs Ion Ao± rs 

Li+ 21.07 3.18 c1o4- 37.09 1.81 

Bu4W 22.99 2.81 BF4- 44.01 1.52 

cr 48.72 1.37 AsF6- 22.19 3.02 

Br" 46.28 1.45 Pl4B- 21.48 3.12 

r 30.09 2.23 

aunits. 
' 

A0± , S-cm2-mor1
; rs, A 
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Table IV: Concentration (c ), density (p) , apparent molar volume (<!>v), 
sound velocity (u), adiabatic compressibility coefficient ((3), and apparent 
molar adiabatic compressibility (<!>v) of some lithium salts in N,N-
dimethylacetamide at 25°C. 

Salt c p cl>v u flx10t3 cjlkx1015 

(mol dm3) (gcm-3) (cm3mor1
) (ms-1

) (pa-t) (m3mor1pa-1
) 

LiCI 0.18156 0.94144 18.56 1479.0 48.56 -63.00 
0.15008 0.94079 17.58 1476.0 48.79 -63.92 
0.11016 0.93990 16.17 1472.5 49.07 -65.18 
0.07988 0.93916 14.95 1469.8 49.29 -66.31 
0.05023 0.93839 13.47 1467.2 49.50 -67.64 
0.01997 0.93753 11.36 1464.5 49.73 -69.53 

LiBr 0.18132 0.94917 26.38 1478.1 48.22 -70.75 
0.14992 0.94734 25.53 1475.9 48.46 -72.79 
0.11003 0.94497 24.18 1472.9 48.77 -75.55 
0.07981 0.94311 23.13 1470.6 49.02 -78.01 
0.05016 0.94125 21.60 1468.3 49.28 -81.04 
0.01994 0.93927 19.88 1465.8 49.55 -85.15 

Lil 0.18023 0.95626 32.14 1478.6 47.83 - 90.93 
0.14900 0.95313 31.37 1476.3 48.14 - 93.21 
0.10936 0.94911 30.20 1473.2 48.54 -96.50 
0.07930 0.94602 29.10 1470.9 48.86 - 99.41 
0.04986 0.94294 27.88 1468.5 49.18 -102.90 
0.01983 0.93974 26.03 1465.9 49.52 -107.80 

LiCl04 0.17464 0.95008 31.91 1476.7 48.27 - 80.05 
0.14436 0.94787 31.12 1474.5 48.52 - 83.04 
0.10595 0.94501 30.04 1471.6 48.86 - 87.33 
0.07684 0.94281 28.96 1469.3 49.13 - 91.14 
0.04831 0.94060 27.83 1466.8 49.41 - 95.66 
0.01921 0.93829 26.32 1464.0 49.72 -102.10 

LiBF4 0.18844 0.94929 31.62 1478.0 48.22 - 65.42 
0.15579 0.94732 30.78 1476.0 48.45 - 67.83 
0.11431 0.94476 29.54 1473.2 48.76 - 71.28 
0.08290 0.94277 28.46 1471.0 49.01 - 74.35 
0.05212 0.94076 27.34 1468.8 49.27 - 77.99 
0.02074 0.93866 25.42 1466.3 49.55 - 83.14 
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Table V: Limiting apparent molar volume (ci»0 v) and experimental 
slopes (Sv) of lithium salts in N,N-dimethylacetamide at~ . 
298.15K 

Salt cl>ov S/ a% 

(cm3mor1
) ( cmJL tt2mor3'2) 

LiCl 7.80± .. 10 25.25±0.49 .026 

LiBr 16.55±.05 23.11±.15 .024 

Lil 23.03±.05 21.57±.27 .022 

LiCl04 23.47±.08 20.12±.25 .020 

LiBF4 22.40±.08 21.20±.25 .022 

/ 
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Table VI Summary of FTIR spectra of salt solutions in N,N-

Dimethylacetamide 

DMA LiCI LiBr Lil LiCI04 LiBF4 LiAsF6 

595.1(s) 593.4(s) 591.5(vs) 590.7(vs) 590.3(vs) 590.3(vs) 590.3(vs) 

737.2(vw) 730.8(vw) 730.8(vw) 730.8(vw) 730.8(vw) 730.8(vw) 730.8(vw) 

1019.7(s) 1017.9(s) 1014.9(vs) 1014.3(vs) 1013.6(vs) l013.2(s) 1013.2(vs) 

1056.5(w) 1056.5(w) 1056.5(w) 1056.5(w) 1056.5(w) 1056.5(w) 1056.5(w) 

1191.9(m) 1190.0(s) 1188.5(s) 1188.5(s) 1188.3(s) 1187.4(S) ll89.5(S) 

1264.6(m) 1264.5(s) 1265.4(s) 1264.7(s) 1265.6(s) 1264.l(s) 1263.8(s) 

1365.0(w) 1360.6(m) 1358.7(m) 1358.2(m) 1357.4(m) 1357.2(m) 1357.2(m) 

1402.6(m) 1401.5(s) 1398.l(s) 1397.4(s) 1396.5(s) 1394.9(s) 1394.8(s) 

1626.4(vs) 1629.5(vs) 1628.5(vs) 1629.5(vs) 1635.0(vs) 1625.9(vs) 1619.8(vs) 

2938.6(w) 2938.0(m) 2933.0(m) 2932.8(m) 2933.8(m) 2925.4(m) 2925.l(m) 

3003.0(m) 3015.3(m) 3015.3(m) 3015.3(m) 3009.l(m) 3009.l(m) 3009.l(m) 

3427.7(s) 3440.9(s) 3472.6(s) 3466.l(s) 3472.2(s) 3462.3(s) 3461.6(s) 

"w = weak, m = medium, s= strong, vs = very strong. 
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Table vn Summary of. Raman spectra of salt solution in N,N" 

Dimethylacetamide 

DMA LiCI LiBr Lil LiCI04 LiBF4 LiAsF6 

590.5(m) 540.9(m) 590.9(m) 591.8(m) 59l.O(m) 590.9(m) 590.5(m) 

737.0(vs) 737.6(vs) 738.4(vs) 739.0(vs) 738.2(vs) 737.4(vs) 737.1(vs) 

1012.1(w) 1015.3(w) 1016.4(vw) 1015.l(w) 1013.6(w) l013.4(vw) 1013.9(vw) 

1014.0(m) 1416.2(m) 1420.6(m) 1418.1(m) 1420.0(m) 1415.9(m) 1412.8(m) 

1636.7(m) 1639.3(m) 1641.0(m) 1637.9(m) 1619.8(m) 1637.7(m) 1636.8(m) 

2930.8(vs) 2930.6(vs) 2930.9(vs) 293l.l(vs) 2932.3(vs) 2932.0(vs) 2930.9(vs) 

"w = weak, m = medium, s= strong, vs= very strong 
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Figure 1. FT.IR spectrum of N,N-Dimethylacetamide 
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Figure 2. FTIR spectrum of LiCl in N,N-Dimethylacetamide \-Vavemrmber cm.-1 
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Figure 3. FTIR spectrum of LiBr in N,N-Dimethylacetamide 
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Figure 4. FTIR spectrum of Lil in N,N-Dimethylacetamide 
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Figure 5. FTIR spectrum of LiCl04 in N,N-Dimethylacetamide 

I~· . \~V~' 
'~ 1 . 11 · · 

1000 



3000 2.000 

Wavenumber em 1 

Figure 6. FTIR spectrum of LiBF4 in N,N-Dimethylacetamide 
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Figure 7. FTIR spectrum of LiAsF6 in N,N-Dimethylacetamide 
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Figure 8. FT-Raman spectrum ofN,N-dimethylacetamide 
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Figure 9. FT-Raman spectrum of LiCI in N,N-dimethylacetamide (C=-lM) 
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Figure 10. FT-Raman spectrum of LiBr in N,N-dimethylacetamide (C=---lM) 
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Figure 11. FT-Raman spectrum of Lil in N,N-dimethylacetamide (C=--- 1M)· 
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Figure 12. FT-Raman spectrum of LiCI04 in N,N-dimethylacetamide(C=--- 1M) ' 
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Figure 13. FT-Raman spectruni: of LiBF4 in N,N-dimethylacetamide (C=--- .1M) 
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Figure 14. FT-Raman spectrum of LiAsF6 in N,N-dimethylacetamide (C=-.04M) 




