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Study of Ion-Solvent Interactions of Some Alkali Metal Chlorides in 
Tetrahydrofuran + Water Mixture at Different Temperatures 

Mahendra Nath Roy,* Rabindra Dey, and Anupam Jha 

Department of Chemistry, North Bengal University, Darjeeling. 734 430, India 

The apparent molar volumes and viscosities of three alkali metal chlorides, namely, lithium chloride, 
sodium chloride, and potassium chloride, have been determined in a 40 mass% tetrahydrofuran +water 
mixturo at 303, 308, 313, and 318 K. The limiting apparent molar volumes (V~•) and slopes (Sv•) have 
been interpreted in terms of ion-solvent and ion-ion interactions, respectively. Structure-making/
breaking· capacities of various electrolytes have been inferred from the sign of (d2\'l/dT2), d.BidT, and 
the B c:oefficierit for. all electolytes studied·. The viscosity data hav11 hneu analyzed Ullin(( the Jones-Dole 
equation. The results show thut the three electrolytes act·as strur\~II'U p1omoters inlhis solvent mixture. 

Introduction 

The volumetric behavior of solutes has been proven to 
he very useful in elucidating the various interaction's 
o1:curring in aqunous and nonaqueous solutions·.1 Studies 
on the apparent nnd partial molar volumes of electrolytes 
~.nd the dependence of viscosity on concentration of solutes 
C\nd temperature of solutions have been employed as a 
function of studying ion-ion and ion-solvent interactions.2 

It has been found by a number of workers3- 6 that the 
addition of electrolyte could either break or make the 
structure of a liquid. Because a liquid's viscosity depends 
on the intermolecular forces, the structural aspects of the 

· liquid can be inferred from the viscosity of solutions at 
different concentrations and temperatures. 

In this paper, we report the limiting apparent molar 
volumes (V.p•), experimental slopes (Sv *),limiting apparent 
molar expansibi\ities (tjlE•), and viscosity B coefficients for 
three alkali ~etal chlorides, namely, lithium chloride, 
sc1dium chloride, and potassium chloride, in a 40 mass% 
t.~trahydrofunm 1 THF) + water solvent mixturo at different 
t. m1peratures. 

1:xperimental flection 

Tetrahydrofuran (Merck, India) wus kept for several 
duys over KOH, refluxed for 24 h, and distilled over 
LiAIH4•6 The boiling point (66 "C), density (0.8807 g·cm3), 

and viscosity (1Ju = 0.0046 P) compared well with the 
literature valuel-1.7 The specific conductance of THF was 
.. 0.81 x IQ-6 Q" 1 cm- 1 at 25 •c. 

Alkali metal chlorides (Fluka) were of purum or puriss 
grade and purified by us as described earlier.8•9 

A stock solution for each salt was prepared by mass, and 
the working solutions were obtained by mass dilution. The 
conversion of molality to molarity was·done using density 
values. 

The densities (p) were measured with an Ostwald
Sprengel type pycnometer having a bulb volume of 25 cm3 

and an internal diameter of the capillary of -0.1 em. The 
pycnometer was calibrated at 298, 308, and 318 K with 
doubly distilled water and benzene. The pycnometer with 
the test solution was equilibrated in a water bath main
tuined at ±0.01 K of the desired temperature by means of 

Table 1. ·Properties of Pure 'fetrahydrofuran (THF) and 
a 40 MUs % TIIF + H30 Solvent Mixture at Different 
Temperatures 

po/g·cm-3 qo/cP 
TIK mass% this work lit. this work lit. 

298 100 (pure THF) 0.88072 0.88072• 0.46300 0.46300b 
0.88070< 0.4600()< 

303 100 0.87595 0.44536 
308 100 0.87116 0.87116• 0.42770 0.427706 

313 100 0.86627 0.40893 
318 100 0.86140 0.86140" 0.39017 0.390176 

298 40 0.96640 0.96640" 1.73210 1.7321()6 
303 40 0.96381 1.52760 
308 40 0.96120 0.96120" 1.32310 1.3231()6 
313 40 0.95359 1.18412 
318 40 0.94598 0.94598• 1.04516 1.04516b 

a ro. 9,10,22 b ho. 9,10 c ro, ho. 7 

a mercury in glass thermoregulator, and the absolute 
temperature was determined by a calibrated platinum 
resistance th• lJ'mnmeter and Muller bridge. The pycnometer 
was then rtN•oved from tho llwrmostatic bath, properly 
dried, and weighed. The eVIlP'!ration losses remainud 
insignificant during the time of qctual measurements. An 
average of triplicate measu~l'f\CJ\I~ was taken into account. 
The density values are rept•oduc ble to ±3 x 10-5 g•cm-a. 
Details were given earlier in a publication from our 
laboratory (Das and Roy, 1993). 

The viscosities were measured by means of a suspended
level Ubbelohde (Suindells and Godfrey, 1952) viscometer 
at the desired temperature (accuracy of ±0.01 "C). The 
precision of the viscosity measurement was 0.05%. We have 
previously given the details.•o 

The experimental values of densities (po) and viscosities 
(1Jo) of pure THF and 40 mass % THF + water at 298, 303, 
308, 313, and 318 K are given in Table 1. 

Results 

The apparent molar volumes, V.p, of the solutes were 
calculated from the densities of the solutions by using the 
equation 

V<P = Mlp0 - lOOO(p - p0 )/cp0 (1) 
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Table 2. Limiting Apparent Molar Volumes (V••) and Experimental Slopes (S. •) of Different SaltS in 40 Mass o/o THF + 
Water at Different Temperatures 

v~o at va-rious temps (cm3 mol-l) s.• at various temps (cm3 Llfl mo!-:v.l) 

salt 303 K 308K 313 K 318K 303K 308 K 313 K 318 K 

LiCI -191.75 -240.502 -443.849 -633.905 388.194 525.746 971.602 1355.919 
NaCl -224.461 -285.361 -502.611 . -719.110 466.507 650.985 1039.870 1620.59 
KCl -464.253 -541.196 -770.164 -982.70 

Table 3. Limitin&" Apparent Molar Expansibilities (~E0) 
tor Various SaltM in 40 Mass % THF + Water at Different 
Temperatures 

limiting apparent molar 
expansibilities ¢F." (cm3 mol-l K- 1) 

~eetrolyte 303 K 308 K 313 K 318 K ...:..,_,_..;;__ __ 
LiCl 
NaCl 
KCI 

·· H.656 
--i3.675 
-50.722 

-41.998 
-43.525 
-47.436 

-39.340 -36.682 
-43.375 -43.225 
-4~.149 -40.863-

where M is the molecular weight of the solute, Po and p 
are the densities of the solvent mixture and the solution, 
ruspectively, and c is the concentration in molarity. The 
currection to V~ due to hydrolysis of salts may be negligible, 
l::ecause the strong H- bondingll between THF and water 
will reduce the hydrolysis of these salts by free water 
molecules considerably. 

Because the data concerning the pressure dependence 
of the dielectric constant of the THF + water mixture are 
not available, the limiting apparent molar volume (V~·) was 
calculated by using the equation12 

V = V • + s *e 112 
<P ~ v (2) 

where s.• is a constant dependent on charge and salt type 
and can be related to ion-ion interactions and V~· is the 
limiting apparent molar volumes. These values were 
estimated by Microsoft Excel, which is a computerized 
lc!ast-squares mPthod. Values of Vl and Sv • are given in 
'l'ttble 2. 

The temperatme dependence of Vl for various electro
l_;tes studied hE•re in the above solvent mixt.ure can be 
!!:.pressed by th1 equation 

(3) 

where Tis the temperature in degrees kelvin. 
The limiting apparent molar expansibilities (1/J-e") can be 

obtained by differentiating eq 3 with respect to tempera- . 
·l.•Jre. 

(4) 

The rPE" values of the electrolytes at 303, 308, 313, and 
318 K are given in Table 3. 

The relative viscosities of solutions for various electro
lytes, namely, LiCl, NaCl, and KCl, in a 40 mass% THF 
-+ H20 mixture at different temperatures were also deter
mined. The data were analyzed by using the Jones-Dole13 

nquation 

'llrJo = 1 + Ae112 + Be 

( ·1hi0 - 1)/c112 =A +Be l12 (5) 

;~·here '1 = (Kt- Ut) x p, 'tJo and 11are the viscosities of the 
":-!vent mixture ,md solution, respectively, A and B are 
nnstants, pis thl· density of the particular solvent mixture 

1024.510 1234.66 1753.641 2243.321 

or solution, and K and L are constants for a particular 
viscometer. 

The value11 of A and B were calculated by a computerized 
least-squara~ m11thod. Mnlnr concentrations, densities, 
viscosities, f.ppat·ent molar volumes, and values of the B 
coefficient oud A are recorded In Table 4. 

Discussion 

The values of Sv • shown in •rabJe 2 are large and IJQsitive 
for the alkali metal chlorides studied here in a 40 mass % 
THF + H20 mixture at all of the temperatures investi
gated. This is an indication of strong ion-ion interactions 
in this solvent mixture medium. 14·15 This type of behavior 
of alkali metal chlorides and some common salts has been 
also observed in propylene glycol-water mixtures.16 A 
possible explanation for the positive slopes in the 40 mass 
% THF + H20 mixture may be that the ionic association 
would become quite appreciable in this medium as the 
concentration of the electrolyte is increased, thereby weak
ening the ion-solvent interactions. 

As a consequence, contraction of the solvent mixture 
would be gradually lowered with the increase in concentra
tion of the added solute. The s.• values (ion-ion interac
tions) increase as the size of the cation increases as well 
as with increase in temperature. Exactly the same conclu
sion regarding the ion association behavior of these elec
trolytes in THF and DME has been drawn from our 
conductometric studies.6 The limiting apparent molar 
volumes v,o ihown in Table 2 aro large and negative, and 
these valut•H rlecrease as t],u 11b.e of the alkali metal ion 
increases (fiom Li+ to K~) os well as with increl\Se in 
temperature (from 303 to 318 K). This indicates that there 
is a lare-e amount of electrn!ltription occurring in these 
solutions, and this electrostricth•e solvation is grouter at 
higher tempearture and with larger metal ion. Similar 
results are reported for some metal sulfates in different 
DMF + H20 mixtures at different temperatures.15 It is 
evident from Table 3 that the 1/J-e" values of all the salts in 
this solvent mixture increase with increase of temperature. 
The increase in magnitude per degree of temperature is 
positive, indicating that the behavior of all of these salts 
is similar to that of symmetrical quaternary ammonium 
alkyl salts. 1•17 

It is also found that [d2V~0/dT'l]' values for solutions of 
all studied salts here are positive, showing that these 
studied electrolytes (LiCl, NaCl, and KCl) behave as 
structure promoters 15·16•18 in this medium. 

Perusal of Table 4 shows that the values of B for all of 
the electrolytes are positive and large, indicating that all 
of these alkali metal chlorides (LiCl, NaCl, and KCl) act 
as structure' makers in this mixed solvent system. The 
structure-making tendencies of the salts are in the order 
lithium salt > sodium salt > potassium salt. A similar 
trend was l'l!portHd by othnr workers. 19•20 

It has hee-l reported by a 11U111ber of workers that the 
(clB/dT) value is a better .:riterl•m21 for determining the 
structure-rna 'king/-breaking- natur!l of any electrolyte 1'ati1er 
than simply the B coefficiel\ts. J~ is found that B values 
are positive und decrease with a rise in temperature 
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Table 4. Molar Concentrations, Densities, Viscosities, 
Apparent Molar Volumes, and Values of the B Coefficient 
and A in 40 Mass % THF + Water Mixture at Different 
Temperatures 

c p 'I v. B A 

moldm-3 g·cm 3 cP dm3 mol- 1 dm3 mol-1 dm312 mol-lfl 

303 K, LiCl 
0.01313 0.965'/5 0.99243 -145.56 
0.04595 0.97219 1.00110 -110.11 
0.08535 0.97404 1.02710 -80.58 7.205 -3.512 
0.13131 0.974tl2 1.03799 43,13 
0.18383 0.976'7() 1.06218 -28 .. 82 

303 K, NaCl 
0.01398 0.96677 1.06336 -160.05 
0.04896 0.97;3.12 1.03639 -141.22 
0.08393 0.976 ill 1.05111 -87.62 6.281 -3.108 
0.12589 0.9771i6 1.05706 -52.82 
0.174858 0.97876 1.07656 -28.19 

303 K,KCl 
0.04821 0.98203 1.05443 -240.Dl 
0.07231 0.982110 1.06487 -196.84 
0.09642 0.983:10 1.08155 -132.52 4.665 -2.411 
0.12052 0.98517 1.09379 -106.70 
0.14462 0.985!12 -81.37 

308 K, LiCl 
0.01305 0.963!14 0.90829 -175.11 
0.04569 0.96786 0.91471 -107.52 
0.08505 0.97067 0.92137 -71.78 6.419 -3.119 
0.13087 0.97157 0.92823 -38.33 
0.18318 0.97325 0.93587 -24.37 

308 K, NaCl 
0.01395 0.96477 '0.96952 -205.02 
0.04886 0.971-~2 0.94613 -156.94 
0.08369 0.97303 0.95573 -86.29 6.261 -2.957 
0.12543 0.97393 0.96265 -44.85 
0.17420 0.97512 -22.36 

308 K, KCl 
0.04800 0.978·16 0.89552 -293.53 
0.07208 0.979!11) 0.91118 -195.14 
0.09610 0.9801:! 0.92732 -128.86 4.434 -2.314 
0.12028 0.98322 0.93389 -113.54 
0.14445 0.984tl0 -92.67 

313 K, LiCl 
0.01300 0.958'18 0.81882 -340.51 
0.04563 0.966·16 0.83169 -251.30 
0.08479 o.967 to 0.84274 -130.12 6.376 -3.067 
0.13040 0.9661;) 0.86306 -72.52 
0.18281 0.971:11 0.89269 -57.19 

313 K, NaCl 
0.01394 0.96300 0.84957 -375.55 
0.04884 0.97103 0.85564 -313.25 
0.08357 0.971585 0.89418 -164.52 6.223 -2.669 
0.12536 0.973•163 0.90996 -104.95 
0.17394 0.973ti60 0.94027 -59.71 

313 K, KCI 
0.04791 0.97666 0.83841 -426.72 
0.07186 0.97690 0.85276 -262.02 
0.09597 0.97881 0.87157 -198.50 4.364 -2.184 
0.11990 0.98019 0.88391 -155.00 
0.14423 0.98331 -137.96 

318 K, LiCl 
0.01299 0.952:i0 0.73823 -475.66 
0.04555 0.96472 0.74545 -390.28 
0.08454 0.9641!9 0.76479 -191.72 6.170 -2.964 
0.13005 0.96547 0.76495 -113.61 
0.18248 0.96957 0.79444 -91.86 

318 K, NaCl 
0.01380 0.95396 0.76986 -540.561 
0.04862 0.96(j!19 0.79606 -388.62 
0.08316 0.96692 0.79824 -204.62 5.308 -2.523 
0.12477 0.96Rfl3 0.80578 -131.84 
0.17318 0.969·12 0.82426 -81.34 

318 K, KCI 
().04779 0.97417 0.73289 -544.48 
0.07167 0.974~-~ 0.75281 -338.04 
0.09559 0.974!10 0.79315 -241.05 4.299 -2.105 
0.11963 0.977~14 0.82595 -203.61 
0.14382 o.91lu.'il -175.02 

(negative dB/dT), suggesting a strudure-promoting ten
dency of alkali metal chlorides. Tho same conclusion is 
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obtained by determining [d2V.0/dTl} values as mentioned 
above. Besides, the positive B values and negative dB/dT 
values show the absence-of a-firm layer of solvent mixture 
around the ion in their cosphere. 
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Hcnsity uml visl·osity of lithium chloridr. sodium chloride und potassium chloride have been mca~urcd in tctrahydrofuran (Till') 

+water mixture((,()%, "'/w) at dil"fercnt concentrations and at 30.1, 30!1, .H3 and 318 K. I'rorn density data apparent molar volumes 

have been derived and analyzed using l\las.~on C1111ation. The limiting apparent molar 'I'Oiumr (~ J and slope cs;) arc interpreted 

in terms of ion-solvent :md ion-ion intcrnctions, respectively. The •·iscnsity data ha,·e been analyzed using Jones-Dole equation. The 

structure-making/hreaking capacities of the saiL~ ha,·e been inferred from the Hepler's and Sharma and Ahluwalia's criterion. 

Thermodynamic ·investigutions play an important role in 
understanding the type ami extent of the patterns of 
molecular associations that exist in liquid mixtures and 
their sensitivities to variations in composition, temperature. 
pressure and chemical riaturc1• The limiting apparent molar 
volume of a salt is an important thermodynamic property. 
Since viscosity is a property of the liquid which depends 
upon the intermolecular forces, the structural aspecls of the 
liquid can be inferred from the viscosity of solutions at dif
ferent .conccntnitions and temperatures. In the present 
work, we have carried out a systematic study on the limit
ing apparent molar volumes (~\>~). experimental slopes (S~) 
and R-cocfticients of alkali. metnl chlorides MCI (M = Li, 
Na, K) in tetrahydrofuran (THF) + water mixture (60%. 
w/w) at 303, 308, 313 and 318 K. 

Results and Discussion 

The ex'perimental values of densities (p
0
), viscosttres 

(ll.) arid relative permitivities (D) of tetrahydrofuran + 
water at 298 K are not available at the relevant composi
tions. Their available values arc therefore. plotted against 
the mole-fractions of tetrahydrofuran, and the values at all 
the desired compositions have been generated from the 
smooth master curves and are given in Table I. The results. 

. reveal that lln of the solvent mixture (THF + H20) increases 
rapidly to a maximum at about 0.143 mole-fraction or 40 
wt% of THF and thereafter decreases. Such characteristics 
in the viscosity vs composition curve is a manifestation of 
strong specitic interaction2 between unlike molecules 
predominated by hydrogen bonding interaction. 

The apparent molar volume (cJ>v) were calculated from 
the density of the solution using eqn. (I), 
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cj>,. = M/po - 1000 (p - Po)/cpo (I) 

where c is the molarity of the electrolyte solution, M the 
molecular weight of the solute and p and Po are the den
sities of the solution and solvent, respectively. The limiting 
apparent molar volumes ($~) wen; calculated- by the Mas
son equation\ 

0 <'* 112 c!>v = <!Jv + .~vC (2) 

where S~ is a constant dependent on charge and salt type 
and can be related to ion-ion interactions and 1\>~ is the 
limiting apparent molar volume which is related to ion-sol
vent interactions. The plots of <l>v against c 112 were linear in 

Table I. Dcnsily (p), viscosily (T(.,). rcl:alivc pcrmirivilics (IJ) and specific 
conduclancc (I..,) for lelrahydrofuran + walcr al 298 K 

WI.% X2 u p., T(u Hl'l~, 
cP n-l em -·I gem 

0 0 78.54 0.99797 0.8903 1.01 

20 0.059 57.25 0.9l\668 1.4900 3.20 

4() 0.143 44.50 0.%640 1.7321 2.60 

6() 0.273 32.00 0.94600 . 1.49()4 1.35 

!10 0.500 19.50 0.91592 0.9237 1.18 

100 1.000 7.5!! 0.88072 0.4630 CJ.III 

all cases and from the intercept and slope one can obtain 
the values of <!J~ and S~. respectively. The values are given 
in Table 2. 

The experimental S~ values (Table 2). at different 
temperatures are all large and positive in THF +water mix
ture (60%. w/w) for all electrolytes studied, indicating the 
presence of strong solute-solute interactions. This type of 
behavior of alkali metal chlorides and some common salts 
has also been observed in propylene glycal-watcr mix-
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Table 2. Limiting apparent molar volu_me ($~ land expcrinx:ntal slopt:s t.\~ 1 for various salts in 60'X (w/wl tctrahydrofuran +water mixture at different 
h!mpcralun:s 

Salts ~ (cm}mol- 1) S~ (L 112 mor>'11 
303 308 313 318 K 303 308 313. 318 K 

LiCI -268.186 -311.532 -4!!0.-H9 -6-11.178 759.865 875.099 1301.100 1678.604 
(± 0.01) (±0.01) (±0.02) 1±0.01) <±0.01) <±0.01) (±0.02) (±0.01) 

NaCI -346.804 -371.254 -554.387 -717.152 1112.9~1 1144.796 1700.396 2264.464 
(±0.02) (±0.01) 1±0.01) 1±0.02) (±0.02) (±0.01) (±O.OJJ (±0.01) 

KCI -528.192 -561.238 -782.683 . -990.201 1747.011 1835.353 2541.661 3260.971 
(±0.02) (±0.01) (±0.02) (±0.01) (±0.011 (±0.01) (±0.011 (±0.01) 

"standard .:rror m par.:nthesis. 

tures4. The possible explanation for the positive slopes in 
the studied solvent-mixture may be that the ionic associa
tion would become quite appreciable in this medium as the 
concentration of the electrolyte is increased thereby 
weakening the solute-solvent interactions. As a result, con
traction of the solvent mixture would be gradually lowered 
with increase in concentration of the added solute. Exactly 
the same conclusion regarding the ion-association behavior 

Table 3. Limiting apparent molar o::xpansibility (Q!\) for various salts m 
60'k (w/w) THF +water mixture at different temperature 

Salts li!E [mll(moi)Cdegl] 

303 308 313 3 18 K 

LiCI 

NaCI 

KCI 

-36.264 

-39.737 

-48.467 

-34:614 

-37.663 

-45.682 

-32.965 -31.315 

-35.589 -33.516 

-42.896 -40.111 

of these electrolytes in aqueous mixtures of THF at 298 K 
has been drawn from conductometric studies5. Fuoss6 also 
found similar trends for many of the alkali metal halides in 
dioxane-water mixtures. The increase of~ with in.:rease of 
temperature in this solvent-mixture for the studied salt sug
gests that more and more solute is accommodated in the 
void space left in the packing of large associated solvent 
molecules. It is also evident from Table 2 that the limiting 
apparent molar volumes, <P~ are large and negative and this 
negative values increase as the size of the alkali metal ion 
increases (from Li+ to K+) as well as with increase in 
temperature (from 303 to 318). This indicates the presence 
of weak solute-solvent interaction and in this solvent-mix
ture, the solute-solvent interaction decreases from lithium 
chloride to potassium chloride. 

The variation of¢~ with temperature of the electrolytes 

in this solvent-mixture follows the polynomial equation, 

0 . , 
cl>v = ao + a 1 T + 02/ (3) 

over the temperature range under the investigation. The 
coefficients a;' s are determined and the following equa
tions are obtained, 

q>~ = 25998.407- 136.229 T + 0.1650 f2 (4) for LiCI 

<De = 30900.072 - 165.397 T + 0.2074 f2 (5) for NaCI 

q>~ = 39932.144 - 217.262 T + 0.2785 f2 C6) for KCI 

The limiting apprent molar expansibilities, [<!>~ = 

(0$~ /onpl calculated from eqn. (4-6) for different 

electrolytes at different temperatures are given in Table 3. It 

is found that the values of <!>~ increase with increase in 

temperature for all studied electrolytes, which can be 
ascribed to the presence of caging or packing effect7

. 

For determining structure-making and structure-break
ing capacities of solutes in different solvents, the equation 
of Hepler8 was used, 

!l. ., 0 ., 
(&pc; Jon = - co-<l>v /ol)p (7) 

According to Hepler, structure-making solutes should posi
tive value and structure-breaking solutes negative value of 
the term Of (o2q>~ /oT2)P respectively. It has been observed 
from eqns. (4)-(6) that (o2cp~ /oT2)P for solutions of all 
studied electrolytes are positive, indicating thereby that 

Table 4. Values of A (cm:l/2 mol- 112
) and 8 (cm3 mol- 1

) parameters for various salts in 60% (w/w) THF +water mixture at different temperatures • 

Salts 8 values A values 

303 308 313 318 K 303 308 313 318 K 

LiCI 7.5703 7.5674 6.9095 6.3137 -3.1879 -3.1679 -2.9562 -2.6028 

(±0.01) (±0.02) (± 0.01) (±0.02) (±0.01) (±0.01) (±{J.02) (±0.01) 

NaCI 7.3934 7.1393 6.7490 6.1779 -3.1465 -2.9801 -2.8421 -2.5769 

1±0.01) (±0.01) (±0.01) (±0.01) (±0.02) (±0.01) (±0.01) (±0.01) 

KCI 5.8806 4.9455 4.9388 4.9037 -2.1897 -2.1309 -2.1157 -2.0728 

(±0.01) (±O.oi l (±0.02) (±0.01) (±0.02) (±0.01) (± 0.01) (±0.02) 

'Standard errors are given in parenthesis. 
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these electro! yes (LiCI. NaCI and KCI) behave as structure
makers in this solvent-mixture. 

The visi.>city data of solution for the electrolytes (LiCI, 
NaCI and KCI) in THF + H20 mixture (60%, w/w) have 
been analyzed using Jones-Dole equation9

, 

. llfTJo == I + Ac
112 + Be (8) 

where 11 and T\0 are the viscosities of the solution and sol- · 
vent, respectively, and c is the concentration of solution. 
The values of A and B were calculated by the method of 
least-squares by fitting the experimental data in the Jones
Dole equation and these values are given in Table 4. It is 

· evident from Table 4 that the values of B-coefficient for all 
the studied electrolytes are positive and large and the 
values decrease from LiCl to KCI as well as with increase 
in temperature and this behavior shows that all alkali metal 
chlorides (LiCI, NaCI and KCI) act as structure-promoters 
in this solvent-mixture system. The structure-promoting 
tendencies of the electrolytes are in the order : Li-salt 
> Na-salt > K-salt. A similar trend was reported by other 
workers10 in case of viscosities of perchlorates of lithium 
and sodium in propionic acid-ethanol mixture. 

It has been reported by a number of workers that dB/dT 
is a better criterion11 for determining the structure
making/breaking nature of any electrolyte rather than simp
ly the B-coefficient: Table 3 shows that the value of B are 
positive and decreases with increase in temperature (from 
303 to 318) which gives negative values of dB/dT suggest
ing that these electrolytes (LiCJ, NaCI and KCI) behave as 
structure-promoters in this mixed solvent system. These 
conclusions are in excellent agreement with that drawn 

fro111 (B2~V'BT\ discussed earlier. 

Experimental 

Tetrahydrofuran (THF; Merck) was kept several days 
over KOH. then refluxed for 24 h and distilled over LiAIH4 
as described earlier12• The boiling point (66°), density 
(0.88072 g cm3) and viscosity (0.()046 P) compared well 
with the literature values13

• The specific conductance of 
tetrahydrofuran was i:a 0.81 X 10-0 n-J cm-l at 25°. 

Alkali-metal chlorides (Fiuka, Puris or Purum) were 
. purified as described earlier14. 
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A stock solution for each salt was prepared by mass and 
the working sol~tions were obtained by mass dilution. The 
conversion of molality to molarity was done using density· 
values. 

Density (p) was measured with an Ostwald-Sprenge! · 
3 d . type pycnometer having a bulb volume of 25 em an an 11\-

ternal diameter of the capillary of about 0.1 em. The pyc
nometer was calibrated at 298, 308 and 318 K with double
distilled water and benzene12

• Viscosity was measured by 
means of a suspended-level Ubbelohde15 viscometer with a 
flow time of about 539 's. For distilled water at 298 K, the 
time of the reflux was measured with a stop-watch capable 
of recording ±0.1 s. Details have been described earlier

12 
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The densities, viscosities and ullrasonic velocllies or NJI4 N03, KN03, Mg(N03)2 and Ca(N03)2 in a 20 mas~ % 

l~lrahydrofuran +water mixture lu\vc been measured at 303, 3083t3, 318 and 323 K. Aplu&rent ntolar volumes (I'~). viscosily 

H-coeflicieols aud ndiab:llic cORlllressibility or tbse electrolyte solutions are derived from these data sU11plemehtcd with thdr 

densities, viscosities and ultrasonic velocities respectively. Tbr limiting apvarent mol:1r volumes (I~ and experimental slopes 

(St) obtained from the !\Iasson equation have been intervreted in terms of solute-solvent and solute-solute inter:tclions, 

res11ectively. Tbc viscosity data have been analyzed using tbe Joues-Dole equation. The results show that these electrolytes 

bnve structure breaking capacities In Ibis solveo-mlxture. Tbe comvressibiliry data also indicate lbe ~lcrroslriction or solvent 

molecules around the metal ions. 

In continuation of the work I-J on the classical nature of 

solutes and their mutual and specific interactions with the 
solvent molecules, we report here in the density, viscosity 
and ultrasonic vclo\ity measurements in a 20 mass % 
tctrahydrofuran (1llF) +water mixture ofanunonium nitrate, 
potassium nitrate, magnesium nitrate and calcium nitrate as 
a function of temperature. The nature of various types of 
interactions prevailing in these electrolyte solutions arc also 

discussed. 

Results :uul discussion 

The apparent molar \'olume ( Jl.p) ofliquid solutions was 

culculated from the relation 

r:
41

""' ldfp0 - l OOO(p- p0)1cp0 (I) 

where cis the molarity oft he solution and the other symbols 
have their usual signilicance. The correction to v

41 
due to 

hydrolysis of elcctrolyto.:s only may be negligible, since the 
strong hydrogen bonding4 between THr and 1120 will reduce 
the hydrolysis of these electrolytes by free water molecules 

considerably. 

/\pplic:nion- of th.: Rc·,l!i.:h-l\·1cyer equation was lH> 

possible due to the l:1ch t>I" data nn the compressibility :md 
pressure Yari:nion of di.:k..:tric constant, necessary t0 
cakulat<: tlw thcorcti,·;!l limitinv slope (S~.). Thus. the 
limit in~ apparc'lli !li< •1:11 ,-,,1 um.: ( 1'~·) and experimental ~lope: 

(Stl \Wr<: ol>tain.:d h> a J.:a,l ~:quare mdhod. \Vithin 
e::p..:rim<.:nt:d <:rror. Yaith.:,; I"11r ( 1 -~:J,·aric:d linearly with-./,· tn 
l'ol\ow the !ill\ owing cqu;1tinn5 .. 

Table I, !'hysical properties of pure tetrahydrofumn {THFI ;tlld 20 
mass% THF + ll20 solvent mixture at ditTerenl tcmpraturo:s 

T/K Mass% 

298 100 (Pure THF) 

303 

308 

313 

318 

323 

298. 20 

303 

308 

313 

318 

323 

"Ret":<. 1-4. bRef. 16. 

p,lg,cm·3 1J 0icp 
---~--------

Present work Lit. Present work Lil. 

t.~ 0.88072" 0.4(>300 0.46300" 

0.87595~.8~701' 0..160001> 

0.871 t6 0.87t 16" 0.42770 '0.42770" 

0.86627 

0.86140 u !l6140" 

(} ~6051 0.86051" 

0.98668 0.9l;66S" 

0.98488 

<J.984SR 

0.9SOI9 

(J 9i730 0.9773u" 

0, 9763 l 0. CJ763 I" 

0.40893 

o .wrrt7 

0 3S'l21 

1.4'!002 

1·31155 
I• r 3 3•0 
~,.; 1-1 j.'i 

I 05'191 

O.S%70 

O.R'.I535 

IJ.3<JOI7" 

O . .lX'J::!I" 

I 49002" 

- I 
1~1.;3 lo c ... 

\J.}:~,b 7011 

0 XCJ53Y' 

\\"IJ<.:r.: S$ i~ a cnu:,t;ml. tkp..:nd..:n: .>!I <:har~,· ;111,1 :.:d\ t~ p,· 
and can h..: rcbt.:d to sPlu\,·-soluk· im.:ractions ;111,1 I·;-: is tht: 
limiting aprarcnt molar ,-olume "hil"i1 is n:l:llcd tu ~nlut,·-· 
soh'!:lll interactions. The 1·~· ';d~:,·:, ;i\un:c: wi:h \In: 
L'Xperim.:mal slope> tS( 1 <!Jc lis:_-,: in Tal>k 2. 

The: Yari:1tio11 of i -~-:\\it !I lc'lliJ'L'Llllln: oftltc• L'icc·trolyks 
in this SLlh·.:rll mi:durc· t" .. !l .. \\·s thc·p.,lyllllllliai c·qu;ltillll. 
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Table l. Limiting apparent molar volwnes (Y"3) and eJtperimental Slopes (S:) togeher with standard errors of different salts in 20 mass % 
tetrahydrofuran + water at different temperatures 

Y3 at various temp. (an3 mo11) 

salts JOJK 308K 313K 318K 

N~4N03 0.933 9.157 17.115 19:751 
(±0.2) (±0.5) (±0.3) (±02) 

KN03 4.731 16.532 20.726 23.049 
(±0.4) (±0.3) (±0.4) (±0.4) 

Ca(N03h 1.746 7.019 14.771 21.310 
(±0.3) (±0.4) (±0.5) (±0.4) 

Mg(N03)2 44.297 50.449 57.154 61.684 
(±0.5) (±0.4) (±0.4) (±0.7) 

l_yaJ ues in the parenthesis are standard errors.) 

Where Tis the temperature in Kelvin. The coefficients u0, 

a 1 and a2 are determined and the following equations are 
obtained. 

J'¢/cml mol-1 = --6477.95/cm3 mol-1 + 40.70 Tl · 
cm3 mol-1 K"1- 0.063 T2/cm3 mol-1 k-2 

for ammoniwn nitrate (4) 

"¢'cm3 mol-1 = -5506.53/cm3 mol-1 + 34.25 Tl 
cm3 mol-1 K"1 -0.053 T2/cm3 mol-1 IC2 

for potassium nitrate (5) 

"¢'cm3 mol-1 = -l05.7llcm3 mol-1 + 5.93 Tl 
cm3 mol-1 K-1 - 0.007 T2/cm3 mol-1 K-2 

for calcium nitrate. (6) 

V¢fcm3 mol-1 = -1578.27/cm3 mol-1 + 9.29 Tl 
cm3 mol-1 k-1 -0.013 T21cm3 mol-1 k-2 

for magnesium nitrate (7) 

The apparent molar expansibilities <¢//:.) can be obtained by 
differentiating equation (3) with respect to temperature 

(8) 

The¢~ ,·alues of the studied electrolytes at 303, 308, 313, 
3 I 8 and 323 K are detennined and recorded in Table 3. 

The ,·iscosity data of solutions for various electrolytes 
viz. ammonium nitrate, potassium nitrate, magnesium nitrate 
~.::! e..J. U.........., ...,; 1-~....t-cz 

:--<H.N03 

K!-'03 

C3i~03l: 

t--\g\N03): 

2 

s: at various temp. (L 112 mol-312) 

323K 303K 308K 313K 318K 323K 

21.062 76.239 75.378 70.059 67.6.3 65.715 
(±O.S) (±0.6) (±0.6) (±0.8) (±0.3) (±0.2) 

23.155 62.311 41.510 39.029 37.668 35.437 
(±0.1) (±0.8) (±0.2) (±0.2) (±0.1) (±0.1) 

26.293 242.21 237.87 226.18 219.42 2\4.52 
(±0.1) (±0.1) (±0.2) (±0.3) (±0.2) (±0.1) 

67.329 221.71 219.59 214.54 208.17 200.54 
(±0.5) (±0.5) (±0.7) (±0.5) (±0.1) (±0.6) 

,., 

in 20 mass% THF + H20 mixture have been analyzed using 
the Jones-Dole6 equation, 

1JI1Jo = 1 +Ave + Be 

(1]11]0 - 1)/...Je =A+ s...Je 

\Were 11 = (Kt-Lit) x p 

(9) 

where 11o and 11 are the viscosities of the olvent-mixture and 
solution repectively, A and Bare constants, pis the density 
of the solvent-mixture and K and L are constants for a 
particular viscometer. The value of A and Bare estimated 
by least squares method and recorded in Table 4. 

Adiabatic compressibility coefficients, fJ were derived 
from the relation 

f3= l/u2 p (10) 

where pis the solution density and u is the' sound velocity 
in the solution. The apparent molal adiabatic compressibility 
( tP,.) of the liquid solutions was calculated from the relation, 

¢.,. = Ml Po + 1000 (f3p0 - f30p )Imp Po (I I) 

The limiting apparent molal adiabatic compressibilities ( tp~) 
were obtained by extrapolating the plots of¢" versus the 
square root of molal concentration of the solute to zero 
concentration by the computerised least squares method, 

( 12) 

"""( 

fo~-hJ:.J£. "4<.flo,...aL.'- :\-o< -u:.a po~f,"ve Slcp«t 

;,., l1.o ~ :So)...~ ..._.;,.f...-:rc. J../ ....- '1 be ------------- --·· ---
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Table 4. Molar concentrations, densities, viscosities, apparent molar volums and values of B-c:oefficicnt and A in 20 mass % tetrnhydrnfuran + 
water mixture at different temperatures. 

c/n:ol dm-3 pofg.cm-3 flolcP Vlcm3 mol-1 Blcm3 mol-1 Atcm312 mol-112 

T=303 K 

NH4N03 
0.03601 0.98719 1.01332 16.009 

0.07801 0.98952 0.91590 20.887 

0.12002 0.99143 0.92989 25.887 2.627 -1.744 

0.16203 0.99299 0.94730 30.445 (±0.2) (±0.3) 

~r 0.19083 0.99325 0.98824 35.404 

l::::;-- KN03 
0.03612 0.98791 0.99892 17.487 

0.07825 0.99117 0.92404 21.076 

0.12039 0.99398 . 0.92845 25.906 2.786 -1.805 

0.16253 0.99656 0.94908 2~.321 (±0.1) (±0.2) 

0.18841 0.99782 0.98214 32.928 

Ca(N03)2 

0.03845 0.99203 1.00406 50.998 

0.0~333 0.99881 0.96954 69.998 

0.12820 1.00413 0.96404 87.314 2.842 -1.744 

0.17307 0.99858 1.00372 109.534 (±0.1) (±0.1) 

0.20640 1.01033 1.04275 114.578 

Mg(N03h 
0.03862 0.99141 0.94475 88.765 

0.08369 0.99741 0.90561 108.328 

0.12876 1.00248 0.91895 121.564 3.755 -2.164 

0.17383 1.00602 0.97568 136.866 (±0.2) (±0.2) 

0.20602 1.00802 1.05038 1.05038 146.302 

T=308 K 

NH4N03 

0.03593 0.98512 0.86371 23.889 

0.07781 0.98702 0.79055 29.986 

0.11961 0.98860 0.79783 34.558 2.629 -1.775 

0 .. 16159 0.98984 0.80516 38.926 (±0.2) (±0.3) 

0.19029 0.99028 0.82720 42.992 

KN03 

0.03604 0.98586 0.86044 24.767 

0.07798 0.98883 0.79626 2lUJI7 

0.121l21 0.99165 () 7'J~33 30.4:\5 2.S27 . 1.825 

() 1(·215 0.9942R 0.81730 32 (,:;I (±0 I) (-10 2) 

0.18798 0.99554 0.848 I 5 35.479 

Ca(N03)2 

0.03823 0.99005 0.87511 55.0(, 7 

0.0~311 0.99668 0 84673 7}%7 

0 127-17 1.00180 0.84938 'JO.X76 2.994 ·-1.750 

0.17268 I .00593 0.89725 I 05 (>53 (~0.2) (±0 3) 

0.20595 UlOS 15 0 93424 116 4 3S 

3 



0-03851 

0.08352 

0.12843. 

0.17333 

0.20577 

0.03584 

0.07750. 

0.11913 

0.16096 

0.18947 

0.03599 

0.07786 

0.1!981 

0.16166 

0.18730 

0.03809 

0.08292 

0.12711 

0.17223 

0.20548 

0.03845 

0.08336 

0.12818 

0.17304 

0.20540 

0.03576 

0.07731 

0.11873 

0.16055 

0.18913 

0.03582 

0 077(.8 

0.11949 

0.16148 

0.18712 

0.03795 

0.08244 

4 

0.9896 

0.99533 

0.99973 

1.00377 

1.00490 

0.98198 

0.98359 

0.98501 

0.98596 

0.98640 

0.98281 

0.98569 

0.8838 

0.99078 

0.99207 

0.98692 

0.99344 

0.99843 

1.00261 

1.00475 

0.98621 

0.99208 

0.99639 

0.99987 

1.00124 

0.97901 

0.98062 

0.98180 

0.98293 

0.98319 

0.97985 

0.98263. 

0.98520 

0.98768 

0.98889 

0.98382 

0.99017 
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0.79941 

0.73764 

0.77527 

0.82594 

0.86226 

0.76496 

0.70052 

0.69735 

.69509 

0.72982 

0.76737 

0_.70947 

. 0.70972 

0.72696 

0.75573 

0.78333 

0.82371 

0.83728 

0.87629 

0.90497 

0.71287 

0.64351 

0.68470 

0.72788 

0.77054 

0.66412 

0.61610 

0.61585 

0.61252 

0.64157 

. 0.67594 

0.62620 

0.62569 

0.64070 

0.66384 

0.64805 

0.66379 

T=318K 

NH4N03 

95.324 

111.747 

129.032 

134.453 

152.986 

30.564 

36.893 

40.365 

45.086 

48.220 

28.777 

31.098 

33.376 

36.324 

38.444 

60.563 

77.956 

9-U54 

108.089 

118.998 

101.756 

116.098 

132.645 

145.543 

157.032 

32.981 

38.001 

43.099 

46.098 

50.032 

30.555 

33.221 

35.777 

37.676 

40.099 

65.876 

81.897 

3.888 

(±0.2) 

2.631 

(±0.3) 

2.861 

(±0.1) 

3.492 

(±0.2) 

3.955 

(±0.1) 

2.872 

(±0.2) 

2.880 

(±0.2) 

-2.286 

(±0.1) 

-1.818 

(±0.2) 

-1.849 

(±0.1) 

-1 769 

(±0.2) 

-1.335 

(±0.1) 

-1.916 

(±0.3) 

-1.862 

(±0.2) 
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· Table 5. Adiabatic oomprcssibility (B). apparent molal adiabatic 
- com~bility (4'k),limiting apparau molal adiabati compr~sibility 
_(f'!J ~experimental slope(S~) of some metal nitrates in 20 mass% 

· '.:·. ~ . . THF + wale~" mixture 8l various temperature. 

a·,. 107 ~ " 1<>" ~" 10" sr" 1<>" _ 
Pa-l · m3 mo11 Pa-• m3 mol' pa-l ml mor-312 Pa-l kgl/2 

4.149 -4.075 

4.184 -1.352 

4.215 --0.583 

4.262 --0.065 

4.268 --0.009 

4.051 -{;.710 

4.095 -2.514 

4.248 --0.255 

4.350 0.464 

4.422 0.815 

4.104 -5.044 

4.107 -1.782 

4.019 -1.298 

4·.078 --0.768 

4.067 --0.594 

3.975 -8.161 

4.008 -2.967 

3.993 -1.730 

4.017 --0.997 

4.023 --0.673 

4.087 -{;.341 

4.088:.: 

4.089 -.·' 

4.105 . 

. ,!:Q39. 

4.059 

4.064 

4.G69. 

4.0S2 

-2.730 

-1.687 

-1.096 

. -7.684 

-3.192 

-1.927 

~1.362 

-1.055 

4.076 -5.746 

4.095 ' . . -2.351 

4.103 -; --I. 130 

T=303 K 

NH4N03 

-3.32 

(±0.1) 

-8.59 

(±0.2) 

-3.38 

(±0.3) 

--6.18 

(±0.1) 

-5.22 

(±0.2) 

-10.88 

(±0.1) 

-5.16 

.. ~-~ . 
'. ·· .. 

7.15 

(±0.3) 

22.57 

(±0.1) 

5.89 

(±0.1) 

11.95 

(±0.2) 

9.95 

(±0.2) 

23.89 

(±0.3) 

10.09 

4.081 --0.788 

4.()-76 --0.635 

3.985 -8432 

3.986 -3.490 

3.991 -1.890 

4.0JS -1.112 

4.024 --0.783 

4.012 -9.168 

4.021 -4.009 

4.023 -2.512 

4.076 -1.461 

4.130 --0.934 

4.019 -9.001 

4.036 -3.727 

4.042 -2.387 

4.045 -1.748 

4.074 -1.340 

4.091 -5.831 

4.118 -1.569 

4.102 --0.493 

4.090 0.171 

4.061 0.326 

3.975 -9.362 

3.969 -4.099 

3.964 -2.403 

3.975 -1.479 

3.979 -1.148 

(±0.1) 

Mg(N03)2 

-7.58 

(±0.1) 

T=323K 

NH4N03 

-8.63 

(±0.3) 

KN03 

-12.66 

(±0.1) 

Ca(N03)z 

-5.59 

(±0.2) 

Mg(N03)z 

-8.44 

(±-.I) 

(±0.3) 

14.95 

(±0.2) 

17.39 

(±0.1) 

25.81 

(±0.2) 

11.65 . 

(±0.2) 

15.90 

(±0.1) 

solutes in different solvents and in different solvent-mixtures, 
equation ofHepler11 was used, 

(13) 

According to Hepler, structure-making solutes should have 
a positive value and structure breaking solutes a negative 
value of the tenn of (&'-V¢fST2)p respectively. It has been 
observed that the values of ( &'- V¢'&"2)p for solutions of all 
electrolytes are negative indicating the structure-breaking 
behavious of these electrolytes viz. Ammonium nitrate, 
potassium nitrate, magnesium nitrate and calcium nitrate in 
this solvent-mixture. 

The molar concentrations (c), densities (p), viscosities 
(7J), apparent molar volumes (V¢) and values of A and Bare 

:·\_: .. _-,,' .. .:·.· 
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0.12656 0.99508 0.68592 97.911 4.086 -2.158 

0.17130 0.99867 0.70403 113.978 (:!:0.2) (±0.1) 

0.20494 1.00149 0.76626 120.844 ~:' 

Mg(N03h 

0.03827 0.98319 0.62645 104.777 

0.08323 0.98892 0.56411 119.543 

0.12801 0.99336 0.59812 '134.021 3.990 -2.364 

0.17276 0.99677 0.63586 147.022 (:!:0.3) (:!:0.2) 

0.20510 0.99800 0.67741 159.118 

T=323K 

NH4N03 

0.03565 0.97448 0.59991 33.785 

0.0'1722 0.97605 0.58813 39.067 

0.11860 0.97728 0.60955 43.423 3.933 -1.937 

0.16030 0.97830 0.65284 46:999 (:!:0.1) (:!:0.2) 

0.18889 0.97869 0.70751 50.209 

KN03 y 
0.03581 0.97526 0.60649 33.312 

0,07732 0.97794 0.58776 35.555 

0.11939 0.98045 0.61386 38.045 3.853 -1.893 

0.16134 0.98282 0.65285 40.111 (:!:0.2) (±0.3) 

0.18706 0.98405 0.71605 42.119 

Ca(N03h 
0.03782 0.97916 0.57644 69.987 

0.08242 0.98544 0.56608 85.118 

0.12636 0.99016 0.59773 101.543 4.468 -2.192 

0.17068 0.99384 0.65358 116.045 (±0.1) (±0.2) 

0.20455 0.99643 0.72632 123.978 

Mg(N03)2 

0.03825 0.97856 0.56695 108.671 

0.08312 0.98410 0.54860 123.855 

0.12794 0.98865 0.58493 136.231 4.955 -2.378 

0.17209 0.99202 0.66867 148.776 (±0.1) (±0.1) 

0.20459 0.99306 0.74379 161.787 4\ ' 
Values in the parenthesis are standard errors. 

electrolyte is increased thereby weakening the solute-solvent 
interactions. As a conscquence,.contraction of the solvent
mixture would be gradualy lowered with increasing 
concentration of the electrolyte, resulting in a net positive 
volume change per mole of the added solute. As expected, 
the s: values decrease with increasing temperature in this 
solvent mixture for the studied electrolytes, which is 
attributed to more violent thermal agitation at higher 
temperature resulting in diminishing the Jete ofsoluk-solutc 
interactions (ionic dissociation) 10. 

To examine the solute-solvent interactions, the V~\·alucs 

' 

can be used. Table 2 reveals that V~ values are negative and 
increase with increasing temperuture. This indicates the 
presence of weak solute-soh•ent interaction and the solvent 
molecules are loosely attached to solute which expands \\~th 
increase in temperature, thus resulting in higher v:;lu<!s of 
vg at higher temperature in this solvent mixture system. 

lt is evident from Table 3 that q,?:_ values increase 1\'ith 
increasing temperature for all electrolytes and the positive 
increase in fcJ>'E with increasing temperature can he asnil>ed 
to the presence of caging or packing cifcct 10. 

Fordctem1ining structure making/breaking capacities of 
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recorded in Table 4 .. ·· 

i A perusal of Table 4 shows that the values of B
coefficients for all studied electrolytes are positive and large 
and these values increase with increasing temperature. This 
indicates that these electrolytes, NH4N03, KN03, 

Jig(N03h, Ca(N03h act as structure-breaker m this solvent
{uixture. A similar result was reported by other workers12 

in the case of viscosities of perchlorate oflithiwn and sodiwn 
in propionic acid+ ethanol mixture. 

It has been reported by a number of workers that dB/dT 
is a better criterion 1 ~ •14 for determining the structure-making/ 
breaking nature of any electrolyte rather than simply the B
coefficient. It is evident from Table 2 that the values of B 
. are positive and increase ~th rise in temperature (positive 
dB/d1) suggesting structure-breaking tendencies of all 
electrolytes in this mixed solvent system. These conclusions 
are in excellent agreement with that drawn from ( lfl J118fo)~ 
illustrated earlier. 

It is seen from Table 5 that all the salts studied here have 
negative apparent molal adiabatic compressibilities, 1/J~ 
which become more negative on increasing the temperatue. 
Negative 1/J~ values of the salts are interpreted in tenns of 
the loss of compressibility ofTHF +water mixture due to· 
ekctrostrictive forces in the vicinity of the ions. On rising 
the temperatue of the system, the metal ions lose some solvent 
molecules from their first coordination sphere in a process 
which is expected to increase the compressiblity. But at 
higher temperature, breakdown of the intermolecular 
hydrogen bonds in the THF +water mixed system also takes 
place more effectively resulting in a loss of compressibility. 
Thus it may be concluded that for the salts solutions under 
study, the later effect is grO\ving faster and overriding the 
former as far as the present temperature range is concerned. 
From Table 5. it is also evident that limiting experimental 
slopes, Sk, have positive values indicating the existence of 
strong solute-solute interactions in the studied solvent system 
which resembles the agreeemnt drawn fi·om s~ discussed 
earlier. A similar result was reported by worker15 in the case 
of ultrasonic studies of some alkali metallhlorides and 
bromides in THF +water mixture. I 

Experimental 

The viscosities were measured by means ofsuspended
level Ubbelohde18 viscometer at the desired temperature 
(accuracy :1:: 0.01 K). The precisioQ of the viscosity 
measurements was 0.05%. Details have been described 
earlierl. 

Sound velocities were determined with an acuracy of 
0.3% using a single crystal variable-path ultrasonic 
interferometer (Mittal Enterprises, New Delhi, India) 
working at 4 MHz, which was calibrated with water, 
methanol and benzene at each temperature. The temperature 
stabilitY was maintained within ±0.01 K by circulating 
thermostated water around the cell by a circulating pump. 

The experimental values of densities (p0) and viscosities 
( Tlo) of pure tetrahydrofuran and 20 mass % tetrahy~rofuran 
+water mixture at.303, 308;313, 318 and 323 K are 
recorded (Table 1). 
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