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Abstract 

The relative viscosities of formates of lithium, sodium, potassium. calcium and barium in formic acid have been 
determined at 30°C. The data has been analysed by Jones—Dole equation. The ionic B-coefficient values have 
been derived and quantitatively interpreted. Large and positive B-coeffieient values and large values of solute- 
free energy of activation of flow parameter leads to the conclusion that the cations under study enhances the 
formic acid structure in the order: Ba 2 + > Ca2 + > K+ >Na 4  > Li. The solvation numbers of these ions in 
this solvent are also reported. 
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1. Introduction 

While ion-solvent interactions have been studied in detail in aqueous solutions, less 
consideration has been given to such effects in non-aqueous solvents. In a previous 
paper', we have reported the apparent molar volumes of some metal formates in formic 
acid of medium dielectric constant and concluded that the metal ions are solvated in this 
medium. In continuation of these studies B-coefficients have been measured for the 
formates of lithium, sodium, potassium, calcium and barium in formic acid and ionic 
B-coefficients have been determined and quantitatively interpreted. Further the 
solvation numbers of these ions in formic acid are calculated and their significance 
discussed in the present communication. 

2. Experimental 

Formic acid (Riedel, 98-100%) purified by the standard procedure 2  (density 1.2058 g/m1 
lit. 3  1.2073 g/m1; viscosity 1.459 cp lit. 4  1.465 cp) was used in these studies. Formates of 
lithium, sodium, potassium, calcium and barium were prepared by dissolving the metal 
carbonates (BDH, AnalaR) in AnalaR grade formic acid. The methods and apparatus 
used in the studies are the same as those already 'described in our earlier publication s . 
The reported viscosity data are reproducible within ±3% and the densities obtained are 
accurate to ±0.0002 g/ml. All the measurements were carried out at 30 ± 0.01°C. 

3. Results and discussion 

The relative viscosities (qle%) of formates of lithium, sodium, potassium, calcium and 
barium in formic acid are determined at 30°C and are presented in Table I. The viscosity 

' Lecturer in Chemistry, DRG Government College, Tadepalligudem, A. P. 	 397 



398 
	

N4. C. S. SUBHA a al 

data has been analysed by means of Jones-Dole equation 

1/770 = + A Vr'+ BC. 	 (1) 

'A' relates to the interionic interaction of the Debye-Huckel type and is calculated by 
using molar conductivities of ions and '13' is. closely related to ion-solvent interaction. 
The values of A and B-coefficients are obtained by fitting the experimental data by the 
method of least squares into the Jone-Dole equation. No change of slope with 
concentration was noticed in the concentration range above 0.1 g mole/litre. 

Table I 
Molar concentration (C) and relative viscosity (TOO 
of salts in formic acid at 30°C 

Cx103 	 nine 	Cx 103 	 nitio 
(g mole litre -I ) 	 (g mole litre') 

Lithium formate 

20.00 1.0141 165.10 1.0973 
41.30 1.0213 206.30 1.1199 
61.90 1.0384 247.70 1.1385 
82.50 1.0565 288.80 1.1660 

123.80 1.0957 330.10 1.1875 

Sodium formate 

20.60 1.0112 206.30 1.1270 
41.30 1.0172 247.60 1.1428 
61.90 1.0406 288.80 1.1743 

123.80 1.0745 330.10 1.1792 
165.10 1.1016 

Potassium formate 

20.60 1.0155 165.10 1.1278 
41.30 1.0314 206.30 1.1613 
61.90 1.0480 247.60 1.1927 
82.50 1.0639 288.80 1.2277 

123.80 1.0945 330.10 1.2639 

Calcium formate 

10.20 1.0108 40.80 1.0614 
15.00 1.0220 51.00 11)742 
20.40 1.0400 61.20 1.0909 
30.60 1.0490 71.40 1.0991 
35.40 1.0509 81.60 1.1147 

Barium formate 

11.20 1.0225 80.00 1.1207 
28.80 1.0443 89.60 1.1325 
40.00 1.0627 108.80 1.1633 
48.00 1.0733 128.00 1.1935 
70.40 1.1150 136.00 1.2129 
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Table II 
Experimental (A) and theoretical (A n ) coefficients of 
salts in formic acid at 30°C 

Salt 	 A 
(cm' mole 1) 112 	(cm' mole 1)- 112 

HCOOLi 0.0263 0.0099 
HCOONa 0.0240 0.0189 
HCOOK —0.0020 0.(K)04 
(HC00)2 Ca —0.0050 0.(001 
(HC00)2 Ba 0.0415 0.0289 

3.1 A-coefficients in formic acid 

The A-coefficients of the salts in formic acid are calculated theoretically 6  from limiting 
equivalent conductance and physical properties of the solvent. The values are presented 
in Table II, along with the experimental values. On the basis of the values reported in 
literature' and on the basis of the assumption made in the theoretical calculations and the 
limitations of experimental techniques the difference between the Atheo  and A exp, values 
is tolerable. From the results in Table II, it is observed that the 'A' values are positive for 
the formates of lithium, sodium and barium but negative for the formates of potassium 
and calcium. Although the negative values of K +  and Ca2+  have no physical meaning, 
similar observations have been reported for some electrolytes in other non-aqueous 
solvents". 

3.2 B-coefficients of the salts in formic acid 

The B-coefficients are positive and high. The positive B-values suggest that these salts 
are structure makers in this solvent. The large value of B-coefficient in non-aqueous 
solvents is generally associated with the large molar volume of the latter with consequent 
increase in the solvated ionic radii' -10  

It was mentioned by Feakins and Lawrence" that the positive B-coefficient results in 
the case of associated solvents due to both positive and negative contributions. The same 
arguments may hold good for present study in view of the fact that formic acid is an 
associated solvent. 

Any variation in B-coefficient can be attributed to the cation since the anion is 
common for all the electrolytes. It may be observed from the values that for the salts 
under investigation, the B-coefficient 

Salt: 
	HCOOLi HCOONa HCOOK (HC00)2Ca 

	(HC00)2Ba 

8 value: 
	

0.52 
	

0.63 
	

0.80 
	

1.37 
	

1.50 

increases with the increase in the size of the cation. The size of the solvated metal ion 

varies as Ba2+  > Ca2+  > K > Na+  > Lit This shows that greater the size of the 
solvated ion, greater is the B-coefficient which provides further evidence for their 
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Table 111 
Values of Apr and Ai.tr for salts in formic acid 
at 30°C 

Salt 	 As r 	r 
(K cal molee l ) 	(K cal mole - ') 

14COOLi 11.52 19.67 
HCOONa 11.52 21.06 
HCOOK 11.52 23.95 
(HC00)2Ca 11.52 34.60 
(HC00)2Ba 11.52 35.02 

structure-enhancing role in this medium. Such behaviour which is common in 
non-aqueous solvents, may be contrasted with the situation occuring with the large alkali 
metal cations in water, where low or negative values of B and positive dB/dt coefficients 
are found 12 . Thus for water, viscosity decrease due to disruption of solvent structure is 
evidently of much greater importance than for other solvents. 

On applying the transition state theory and equating BC (Jones-Dole equation) with 
terms corresponding only to ion-solvent interactions, the expression for B has been 
found" to have the form: 

	

177 .—T1 	 AIL  B 	 
1000 

+ 
 lOCK)

I 	
RT 	

\ 	 (2) 
 

where V? and V? are the partial molar volumes of solvent and solute respectively at 
infinite dilution. Apt is the contribution per mole of solute to the free energy of 
activation for the viscous flow of the solution, and ilisr is the free energy of activation 
per mole of the pure solvent given by the equation 

	

, 	no Aistr t  = RT in (
V?—). 	 (3) hN 

The present viscometric data is analysed in terms of the above theory and the values of 
Zittr and Attr are calculated and presented in Table III. 

From the results in Table III, it is clear that Apr values are positive and much greater 
than Amr values. This shows that the formation of the transition state is less favoured in 
the presence of these salts. The variation of Am r is similar to the variation of B-value. 

3.3 lank B-coefficients in pure formic acid 

The anions of the type HC00- , being of the same size and character as the solvent 
molecules HCOOH, will have very little disturbing effect on the solution structure. 
Under these conditions the entire B-coefficient can be assigned to the cation cinvolved. 
Miyajima et al" in their study on the viscosity of aqueous solutions of sodium alkanoetes 
reported that for formate ion the value of B-coefficient and the temperature dependence 
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Table IV 
Values of R, along with Rc  (crystallographic radii) 
from B +  values from Einstein equation 

Ion B, R. 
(Al 

Rc  
(A°) 

Li' 0.52 23.03 0.60 
Na' 0.63 21.83 0.95 
K4  080 20.10 1.33 
Ca24  1.37 17.02 0.99 
Ba24 1.50 16.30 1.35 

est 

of ionic B-coefficient (dB ficoo idt) are both zero. Similar thing is assumed in the 
present studies, the ionic B-coefficients will be 0.52, 0.64. 0.80, 1.37 and 1.50 for Li, 
Nat. K 	Ca 2 + and Ba +  ions respectively. 

An analysis of B-coefficient is made using equation (4) which is proposed 15  on the 
basis of the hypothesis that the ion behaves like a rigid sphere (with R± radius) moving 
in a continuum. 

477. Rt N 
B ±. 

3 	MOO 	
(4) 

Nis avogadro's number. 2.5 is the shape factor for a sphere. From R, values it is possible 
to say whether the ions are solvated or not, depending on whether or not the R. values 
are higher than the crystallographic radii for the ions concerned. The R. values obtained 
are given in Table IV together with the crystallographic radii. R.,. values are higher 
than the crystallographic radii. This leads to suppose that these ions in formic acid are 
solvated. It is observed that the R~ values decrease from Li + to Ba2+  ion. This indicates 
that the obstruction to the solvent viscous flow increases with the increase of the ion 
charge density and hence with the increase of the size of the hydrodynamic entity by 
solvation. 

The degree of solvation is calculated from B-coefficient values from equation (5) 11  

2.5 i n  

	

— 1 — nVs j 	 (5) 
a 1000 

Vi  is the bare ion molar volume, If s  is the solvent molar volume and n, the number of the 
solvent molecules bound to the ion in the primary shell of solvation. The values obtained 
are 5.99, 7.08, 8.83, 14.10.and 16.01 for Li t , Nat K + , Ca2+  and 13a2+  ions respectively. 
Almost different values for the solvation of metal halides were reported in formic acid 
solutions using the conductivity method by Paul et a! 16 . Their values for the three alkali 
metal ions are 6.6(Li+), 4.0(Na + ) and 2.9(C). The difference between two sets may be 
due to the different experimental techniques as well as different experimental conditions. 

Ionic B-coefficients in formic acid are also interpreted in terms of the local viscosities 
proposed by Stokes and Mills 17. The coefficients obtained in this solvent are very much 
larger than those in water n  and this may be attributed in part to the larger size of the 
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solvent molecules. In accordance with this interpretation, this would lead to large TI E  
values for the solvated ions and 77A  effect would also be greater resulting in fairly large 
positive value of B in formic acid which is actually observed. 
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