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THE DETERKISATIQ8 OF THE SOLUBILITY

OF SILVER MSTA-NITROBENZOATE

The purpose of the investigation was to find the solu

bility of the silver salt of meta-nitro-bensoic acid in pure 

water and in solutions of potassium nitrate of different 

strengths.

A search into the literature gave solubility data for 

bensoic acid, for silver benzoate, and for the nitro, dinitro, 

and trinitro derivatives of benzoic acid, but the only infor

mation given on the solubilities of the silver salts of the 

nitro acids was the solubility of silver para-nitro-benaoate 

in pure water at 2CK> C.*

Ho other information on these salts could be found in 

Siedell (published 1940-1941), in the Chemical Abstracts from 

1940 through 1952, or in the most recent edition of the Hand

book of Chemistry and Physics (Thirty-Third Edition - 1952), 

The raeta-nitro silver salt used in the experiment was 

prepared fro® the acid itself by adding potassium hydroxide

* Seidell, Vol. I., p. 25, third edition, 1940



to a water solution of the acid (Eastman Kodak Co., Ho. 553), 

and then adding silver nitrate to the solution of potassium 

mata-nitro-benaoate thus formed. In this preparation, a hot 

water solution of the acid was titrated carefully with approxi

mately KQH, with phenopthalein as an external Indicator, 

until there was a slight excess of the base.

The resulting solution, which was clear, was then titrated 

with approximately 10$ silver nitrate solution, with potassium 

chromate as the external indicator for the silver ion. The 

addition of the silver nitrate resulted in the formation of a 

large amount of silver meta-nitro-bensoate in the forts of a 

white precipitate. The precipitate was collected on a Btichner 

suction filter and was washed several times with water to 

remove traces of potassium, silver, and nitrate ions. An 

attempt to recrystallise the silver salt failed since dis

solving the salt in hot water resulted in an evident decom

position with the formation of a dark precipitate. Further 

washing of the salt was accomplished by stirring it in large 

amounts of water several times and filtering off the liquid 

each time. The washed salt was kept in a desslcator, and 

even though it was kept away from the light, it did not remain 

white, but turned light gray.

Th. various KBOj solutions war. gad. by dissolving one 

tenth of a gram equivalent weight of KMO3 (weighed out accord

ing to rational atomic weights) to make a liter of solution 

and successively diluting a part of the 0.100 molar solution 

in half to get 0.050 and 0.025 molar solutions respectively.



In the performance of the experiment, approximately 0.50 

gram portions of the silver salt were added to #0 ml. samples 

of the solvents in bottles which were sealed with paraffin. 

These samples were placed in a constant temperature bath at 

25° C. and were mixed thoroughly in the bath for at least 

thirty-six hours* The samples for analysis were drawn from 

each bottle by using a 50 ml. pipet with a sample withdrawing 

tube containing a cotton filter. The samples obtained in this 

way from the solutions were all colorless, but the water 

solutions varied in color from almost colorless to a dark 

amber-brown.

The silver contents of the samples were determined by 

potentiometrlc titration of the solutions with 0.100 molar 

HaCl as the standard solution. A silver-silver chloride 

electrode was used.

The results for the titrations gave at least two precise 

results for the endpoints for each strength solvent, except 

in the case where pure water was the solvent. In these samples 

the brown color Indicated a decomposition or hydrolysis of the 

silver salt.

For the 0.100 M KHO^ solution, the endpoint of the most 

precise results, as Interpolated from the graph of y \8/ A V  

plotted against the total volume of HaCl solution added, gave 

the volumes 3.13 ml. and 3*14 ml. The average is 3*135 and 

the precision error in this case is less than 0.15;&. For the 

0.050 molar KNO-j the two most consistent results were 2.99 and 

2.95 ml. The mean is 2.975 and the percent error Is less than



0.51$. For the third solution (0.025 K ICHÔ ) the two endpoints 

were 2.355 and 2.365 @1* The mean ia 2.66 ml. and the error 

is less than 0.101. For the water solution the best results 

were 2.61 and 2.50 el., which give a mean value of 2.555 ml* 

and a percent error of more than 2.15$, almost five times 

greater than the greatest error in precision arising from the 

salt solutions.

By using the mean values for the titration endpoints for 

the KHO3 solutions, and calculating from these values the 

concentration of silver salt in the samples of each solvent, 

the solubility (i.e. concentration) of the silver salt was 

found to be 0.00627, 0.00595, and 0.00572 moles per liter for 

the 0.100 M, the 0.050 M and the 0.025 K KNO3 solutions res

pectively. By plotting 1000 times the solubility (S x leP) 

against the square root of the molarity of the KNO3 solvent 

(\Jc"), the three points thus obtained lie on, within the 

limits of experimental error, a straight line.

By extrapolating this line to sero solvent molarity, the 

solubility of the silver salt in pure water (80 ) was found to 

be 0.00517 moles per liter as compared with the experimental 

values 0.00500 and 0.00525 derived from the two most precise 

water samples. Because of the greater precision of the salt 

solution samples, and the good "fit” of the points obtained 

from these mean endpoints on a straight line (graph no. 1 ), 

the value 0.00517 was accepted as the most nearly accurate 

value for 30 .



An attempt was made to correlate these results with the 

expression for the solubility of slightly soluble salts as 

given by the Debye-Huckel equation,*

log S/Sc =  A(n[u~ - ) 

for a uni-univalent salt whose solubility and ionic strength 

in pure water is S0 and uc respectively. On rewriting the 

equation, we obtain

log S =  A \fCT - A -+- log S0 

Since SQ , u0 , and A are constants at a given temperature, the 

equation can be written in general fora

log S —  A \T\T •+- b 

Prom this It is evident that a graph of log S against 

'JIT (M being the total ionic strength) should give a straight 

line. When the curve is plotted using only the experimental 

values for S in the various solutions of , it is readily 

seen that these three points do not fall on a straight line.

If the values for S0 and Uq (either the Interpolated or the 

experimental values) are also Included in the graph, the 

deviation from a straight line of any curve through these 

points becomes even more evident (graph no. 2). This devia

tion from ideal behavior Is to be expected from the relatively 

high concentration of KNO3 solutions used as solvents, since 

the Debye-Huckel equation holds with the greatest accuracy in 

solutions of very low ionic strength.**

* Olasstone, BLSMKHTS Q ? PHYSICAL CHEMISTRY, p. 492

**
P. Debye and L. Pauling, Journal American Chemical 
Society, August 5, 1925, p. 2191 ff.



Sine® the solubility times 1000 and the square root of 

the molarity of the solvent vary along a straight line for 

solvent molarities from 0.025 to 0.100, an approximate simple 

linear relation can be found by which the solubility of the 

silver salt can be determined at 25° C. in any strength JCNÔ  

solution between the limits 0 to 0.1 molar. The slope of 

this line, found by inspection of the graph, is approximately 

3 .43 and the y-intercept is 5.17. The equation Is thus 

y =  3*4# x +- 5.17 

or by substituting y =  S x lCp and x =  \fc~, then

S x 103 * =  3.4^ \ J c ~ - f -  S0 x 103 

This can be rewritten as

S *= 3.43 x IQ" 3 +  S0 

where c is the concentration of the KNCb and S0 is the solubil

ity of silver meta-nitro-bensoate in pure water, i.e.,

5.17 x IQ" 3 soles per liter or 273.99 x 5.17 x 10“3 grams per 

liter.
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APPENDIX

EXPERIMENTAL DATA

Bolarlty of mean endpoint silver ion square root of
solvent I&NO3 } NaCl solution concentration ionic strength

0.100 3.135 ml. 0.0062? K 0.3260

0.050 2.975 0.00595 0.2365

0.025 2.360 0.00572 0.1753

0.000 0.00517* 0.0719*

*

These values were interpolated from graph no. 1.
i



GRAPH NO. 1 - S times 103 against square root of concentration £
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GRAPH NO, 2 -  log S against square root of ionic strength


