
EQUILIBRIUM IN THE SYSTEM : SILVER NITRATE 
AND PYRIDINE 

BY LOUIS KAHLENBERG AND ROBERTK. BREWER 

The fact that silver nitrate is soluble in pyridine has been 
known for some time. In 1886 Jorgensen' prepared the two 
compounds AgN0,.3C6H,N and AgNO,. 2C,H,N and tested 
their stability under the influence of heat. He also investi- 
gated the changes which these salts suffered when exposed 
to the air, and determined their solubility in different sol- 
vents. The molecular weight of silver nitrate in pyridine 
solution was investigated by means of the boiling-point method 
by Schmujlow, the electrical conductivity of such solu- 
tions was determined by L i n ~ o l n , ~  and the difference of poten- 
tial between such solutions and silver electrodes were meas- 
ured by Kahlenberg.* Aside from the work mentioned com- 
binations of silver nitrate and pyridine have received no 
further attention. 

It is the purpose of the present paper 'to present the re- 
sults of investigations which have been made to determine 
the entire equilibrium curve in the system of silver nitrate 
and pyridine. 

The pyridine was obtained from Merck and was dried 
over fused caustic potash ufitil the sharpest edges of th,e 
latter were no longer affected. The product was then sub- 
jected to  fractional distillation and the portion passing over 
between I I 5 O and I 16' C at 742 mm pressure was used in 
the future experiments. The silver nitrate was a very pure 
product. It was carefully fused in the dark to remove mois- 
ture. The salt was then finely pulverized. The saturated 
solutions of silver nitrate in pyridine were prepared in an 
apparatus similar to  that used by Meyerhoffer and Saunders,6 
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the glass screw stirrer being placed in a large hard glass test 
tube which was in turn immersed in a constant temperature 
bath. The temperature of the latter was carefully regula- 
ted. Below o' C and down to the freezing-point of the satu- 
rated solution ice and salt, and finally solid carbon dioxide, 
were employed. Above oo,  up to 60' C, a water bath was 
used, and from 60' to 110' a bath of molten paraffine served 
the purpose. Temperatures above oo were read on a ther- 
mometer graduated to tenths of a degree, while those below 
oo were read on a toluene thermometer'graduated to one de- 
gree, which permitted estimations to  tenths of a degree. 
These instruments were carefully calibrated by comparison 
with standard thermometers. Both the bath and the solu- 
tion were constantly stirred by means of an efficient water 
motor. The mode of experimentation was simple in char- 
acter. At intervals of I O O  C or less the solvent was stirred 
with an excess of silver nitrate a t  constant temperature until 
equilibrium was secured. This required from one to three 
hours, the fact that  the solution had become constant in com- 
position being determined by analysis from time to  time., 
In  all cases samples of the solutions to be analyzed were taken 
by means of a pipette, the mouth of which was provided 
with a muslin cap which served as an efficient filter to  hold 
back solid particles. These samples were run into a weighing 
bottle which was then securely stoppered and weighed. Each 
sample was then treated with dilute nitric acid in slight ex- 
cess and the silver content determined by titration accord- 
ing to Volhard with a standard ammonium sulphocyanate 
solution using ferric alum as indicator. By separate experi- 
ment, it was established that the pyridine nitrate in these 
solutions in no way interfered with the estimation. When 
solutions of silver nitrate in pyridine are exposed for a long 
time to  the light, they gradually darken. However, repeated 
determinations have shown that the amount of decomposi- 
tion is too slight to affect the ordinary analytical results. 

The experimental results are presented in the following 
table, which gives the number of grams of silver nitrate solu- 

. 
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ble in IOO grams of pyridine. Each figure given is the mean 
of at least two determinations lying well within the limits 
of experimental error. As i t  is extremely difficult to keep 
solutions constant in temperature below 0' C and espe- 
cially below -20' C, the results obtained at such tempera- 
tures are subject to  a relatively larger experimental error. 
This difficulty was offset by making more determinations ; 
and judging from the smoothness of the curve obtained, the 
figures secured are probably not far from the correct ones. 

TABLE 

Equilibrium between unsaturated solution and solid pyridine. 
- -  ~.~ -~ ~ --____ - _ _  

-65 .o (Freezing point of 
the saturated 
solution) 

-5 I .  25 
-44 * 0 
-40'. o 
-35.0 
-30.0 
-25 .o 
-24. o (Transition point.) 

Temperature 

- 
11.1 
11.7  

12.6 
13.9 
17.6 

1 2 . 2  

- 
~ - _ _  

-48'. 5 C (Freezing point 

- 5 0 . 5  
-53 .o 
-59 * 0 

of pyridine) 

-22.0 
-10.0 

+IO.O 

30 .o 
40.0 
45.0 
46.0 
47.0 
48.0 
48.5 (Transition point.) 

0 .0  

2 0 . 0  

Grams AgNO, in roo grams 
~ . .  C,H,N 

-______ 
18.8 
20.03 
22 ..34 
2 7 . 2 1  

33.64 
40.86 
53 * 52 
62.26 
63.09 
66 * 35 
70.85 

3 . 0  
6 . 0  
9 . 0  

Equilibrium between saturated solution and solid AgNO, .6C,H,N 
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TABLE-( Continued), 

Equilibrium between saturated solution and, sol$ AgNO, .2C,H,N 
~~ 

Temperature Grams AgNO, i n  IOO grams 
C,H,N 

45 .o 
50.0 
6 0 . 0  
7 0 . 0  
8 0 . 0  \ 

8 7 .  o (Indifferent point.) 
8 0 . 0  
7 4 . 0  

69 * 85 
7 2 . 2 5  

' 7 8 . 6 0  
89 .  I O  

2 1 5 . 0 2  
2 2 8 . 5  
2 3 0 . 6  

1 2 1 . 2 1  

Equilibrium between saturated solution and solid AgNO,. 

7 4 . 0  
8 0 . 0  
8 7 . 0  
90 .0  

100.0 
1 1 0 . 0  

The results presented in the table are shown graphically 
in the ackompanying figure, temperature being charted as 
abscissas and amounts of silver nitrate, in grams, soluble 
in IOO grams of pyridine, being represented as ordinates. 

The freezing point of the pure pyridine was found to be 
-48.5' C, and the curve between the latter temperature 
and -65.0' represents the equilibrium between solid pyri- 
dine and the unsaturated solution; in other words, this part 
of the curve is the so-called freezing point curve. At -65' 
C salt and solid pyridine separate out together and on lower- ' 
ing the temperature further the whole mass congeals. At 
-65' we.have then a quadruple point at which the four 
phases, solid pyridine, solid salt, saturated solution and 
vapor are in equilibrium with one another. The solubility 
gradually increases from -65' to -24' as is shown by the 
curve. The solid which is in equilibrium with the saturated 
solution between these temperatures has the' composition 
AgN0,.6C5H,N. The crystals of this compound were minute 
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and so unstable above -25' C that an attempt to establish 
their crystal form was not made. The analysis yielded 
25.0 percent AgNO,, whereas the compound AgN0,.6C5H,N 
would have a content of 26.3 percent AgNO,. The some- 

what low result is readily accounted for by the fact that  it 
is practically impossible to free the crystals completely from 
adhering mother liquor. Hitherto the compound AgNO,. 
6C,H,N has been unknown. 

From -24' to  f48.5' the solubility curve changes 
its trend. The solid which is in equilibrium with the solution 
has a composition corresponding to the formula AgN0,.3C5H5N. 
By analysis the crystals were found to contain 41.8 percent 
AgNO,, whereas the formula AgN0,.3C5H5N requires 41.6 
percent AgNO,. At 24' we have therefore another quad- 
ruple point at which there is equilibrium between the Fhases, 
vapor, saturated solution, and the two solids AgN0,.6C5H5N 
and AgN0,.3C5H5N. The latter compound may readily be 
obtained in form of large, apparently rhombohedral crystals 
which may be freed from mother liquor by quickly pressing 
them repeatedly between filter paper. 

From 48.5 ' upward the solubility increases rapidly 
with the temperature until 87' is reached, at which point 
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the solid in equilibrium with the saturated solution melts . 

and the whole mass assumes a spongy consistency. Further 
addition of silver nitrate causes a lowering of the tempera- 
ture of equilibrium until 79' C is reached. From 48.5' up 
to  79' the solid in equilibrium with the saturated solution is 
AgNO,.zC,H,N. The crystals, which were obtained in the 
form of long needles, were freed from adhering mother liquor 
as much as possible and were found to  contain 50.8 percent 
AgNO,, whereas the formula AgNO,.zC,H,N requires 5 I .87 
percent AgNO,. The somewhat low result obtained is easily 
explained by the fact that  it is well nigh impossible to re- 
move the syrupy mother liquor completely from the crystals. 
At 48.5' then we have another quadruple point a t  which the 
phases, vapor, saturated solution and the solids AgMO,. 
3C,H,N and AgNO3.2C,H,N are in equilibrium with one an- 
other. 

When the temperature is raised above 79', after having 
thus passed the melting-point of the compound AgNO,. 
2C,H,N as described, the solid phase in equilibrium with the 
saturated solution again changes, in this case to AgNO,. 
Thus 79' is another transition point. The portion of the 
curve from 79' upward was followed to  IIO', above which 
point the vapor pressure of the pyridine becomes so great as 
to  prevent sufficiently accurate determinations under ordi- 
nary pressures. 

Some of the solid phases changed from one composition 
t o  another sufficiently slowly to make it possible to prolong 
a number of the curves into meta-stable regions. Thus 
upon cooling the solution in equilibrium with AgNO,. zC,H,N 
below the transition point 48.5 ' a smooth curve was obtained 
to 45', i. e . ,  3.5' below the transition point. Below 45' 
the solid soon changed over to  AgN0,.3C6H,N, showing that 
a state of meta-stable equilibrium had been entered after 
cooling ,below the transition point. The upper end of this 
part of the curve could also be prolonged beyond the transi- 
tion point, 79', to  74', thus entering another region of meta- 
stable equilibrium. Again, on carefully cooling the saturated 
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solution which was in equilibrium with AgNO, (upper end 
of the entire curve) the solubility curve was prolonged down- 
ward through the transition point, 79', to  74', showing an- 
other case of meta-stable equilibrium. At temperatures 
below the last mentioned, the solution became more and 
more viscous, showing that the transition point had been 
passed. 

Thus at any temperature between 74' and 87' three 
different solubilities of silver nitrate in pyridine are possible, 
depending upon the direction of approach to  the given point. 
The very great increase in the solubility between 60' and 
110' as compared with that between -60' and 50' is espe- 
cially noteworthy, nor ought one to lose sight of the 'fact that 
there is a very material disengagement of heat when pyridine 
and silver nitrate combine with each other. 

Summary 
It has. been shown in this paper that  pyridine and silver 

nitrate form three well defined crystalline compounds with 
each other. The exact temperature limits within which 
these compounds can exist in stable equilibrium with the 
saturated solution have been determined. One of these com- 
pounds, namely, AgN0,.6C5H,N, has not been isolated hitherto, 
while AgN0,.3C5H,N and AgNO,. 2C,H,N have been known. 
The latter compound melts without decomposition a t  87 O, 
whereas the other two lose pyridine upon heating them in 
an attempt to melt them under atmospheric pressure, The 
freezing point of pure pyridine has been found to be -48.5', 
and the entire equilibrium curve in the system silver nitrate, 
pyridine, has been established from the freezing point of 
pyridine up to 110' C. 
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