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Per cent. 
Chlorine 2i-77 

Monochlor naphthol requires 19.66 per cent. ; dichlor naph-
thol requires 33.02 per cent. There was evidently no simple 
substitution of Cl for NO2, and it was plain that more complica
ted changes than those involved by substitution had taken 
place. The inability to obtain a product offering the assurance 
of purity, caused a discontinuance of the work. The expulsion 
of the nitro group by chlorine under these conditions, is, how
ever, worthy of note. 

THE RATE OF SOLUTION OF SOLID SUBSTANCES IN 
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A S far as we know, the effect of the concentration on the rate 
at which a solid substance dissolves in its own solution, 

has not heretofore been investigated. This is probably due to 
the experimental difficulties in the way of keeping the surface 
of the dissolving substance constant during the solution. 

The question is an important one, especially because of the 
light its solution would throw upon the attainment of the state 
of saturation, which is a matter of importance in all solubility 
determinations. Therefore we have investigated the phenome
non and have succeeded in experimentally establishing the law 
according to which the process takes place. 

The experiments were carried out in the following manner : 
In order to keep the alteration of the surface-area of the dissolv
ing substances as small as possible, the slightly soluble sub
stances, benzoic acid and lead chloride, were chosen. Cylinders 
of these two substances, about eight cm. long and two in diame
ter, were prepared upon cores of glass. In the case of benzoic 
acid, this was done by simply pouring the melted acid into a test-
tube containing a glass rod flattened a little at the lower end and 
protruding at the other end above the test-tube. When the 
whole had cooled, the cylinder of acid adhering well to the glass 
rod could usually be easily removed from the tube. It was 
found necessary in the case of lead chloride to proceed differ-
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ently, because the cylinders of it, made as above, broke upon 
cooling. They were finally made by dipping the glass rods into the 
molten salt, removing then a second or two to allow them to cool, 
and repeating the operation until a sufficient amount had solidified 
upon the rods. Both ends of the cylinders of the two substances 
were coated with paraffin, and the free ends of the glass 
rods were forced through the centers of numbered paraffined 
corks, each of which fitted into a wide-mouthed bottle of 130 cc. 
capacity. 

In conducting the experiments, exactly 100 cc. of distilled 
water were placed in each of the six bottles, and these were sus
pended in a thermostat kept at 25° C. within a few thousandths 
of a degree. After the temperature of the bath had been 
attained, the corks bearing the sticks of substance were inserted 
in the bottles so that the cylinders were in the middle of the 
bottle, and covered with water, as shown in the cut. The 
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time was then noted and the bottles were rotated1 in a horizontal 
position in the bath exactly ten (or ten and a half) minutes, at 
the rate of sixty rotations per minute. The sticks were then 
removed from the bottles ; and the solutions titrated directly, in 
the case of the benzoic acid, with sodium hydroxide solution, 
and in that of the lead chloride, with silver nitrate and potassium 
thiocyanate. The same sticks were then returned to the bot
tles, which were charged with new portions of 100 cc. of water, 
and were rotated as before for thirty, and finally for sixty 
minutes, when the resulting solutions were analyzed. In order 
to have as nearly as possible the same conditions in the different 
experiments, each series of three determinations was made with 
the same stick of material in the same bottle, and each series 
was repeated several times. During the time elapsing between 
separate rotations, the sticks were kept in saturated solutions of 

1 For a description of the rotation appara tus , see Ztschr.phys. Chem., g, 606. 
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the respective substances, so that they could not become dry, 
nor altered in surface. 

The law governing the rate of solution can be predicted with a 
considerable degree of probability ; for the phenomenon may be 
considered as simply a process of diffusion. That is, we can 
imagine the sticks of solid substances surrounded by an indefi
nitely thin film of saturated solution, from which diffusion takes 
place into all portions of the solvent, this being kept homogene
ous by the rotation. If this were the case, the velocity of solu
tion, in accordance with the law of diffusion, would be propor
tional to the difference between the concentration of the satu
rated solution and that of the solution present at the moment in 
question. This is then the law which is first to be tested. Its 
mathematical expression is : 

%= CiS-x), 

where S represents the solubility of the substance, or the con
centration of its saturated solution; x the concentration at the 
expiration of the time t, and C a constant. Integration of the 
equation gives: 

In order to obtain values for C in this equation, the solubility 
5 of the substance must be known. This was determined in the 
usual manner1 by rotating a large excess of the finely divided 
substance in the bottles of water, proceding so that the condition 
of equilibrium was approached from both the undersaturated and 
supersaturated states. The results of the solubility determina
tions are given below. The separate values obtained are desig
nated by .S1, S1, S1, and St, and the mean is represented by S. 
They are expressed in millimols per liter. 

Substance. S1. 
Benzoic acid 27.88 
Lead chloride 39.00 

The results of the velocity experiments are given in the fol
lowing table. The values of X1, xlt etc., are the concentrations 

^•Ztschr.phys. Ckem., 16, 128. 

S3. 
28.11 

38.94 

S3. 
27.96 
38-50 

S4. 

27-75 
38-50 

S. 
27.92 

38.66 
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in millimols of the solutions resulting from successive treatments, 
carried out as described above, of the same stick of substance. 
The values under x are the means of these single values. 

BENZOIC A C I D . 

Stick No. i. 
t. X1. X^. X2. xt. Xx,. X6. x. S—x. C. 

IO 6.27 6.69 6.55 6.77 6.20 5.62 6.35 21.57 112.1 
30 14.45 14-47 15-22 15-27 I4-48 •••• 14-78 13-14 109.1 
60 21.70 21.44 22.56 21.80 20.51 . . . . 21.60 6.32 107.5 

Stick No. 2. 

10 6.32 6.40 6.33 7.64 6.43 5.16 6.38 21.54 H2-7 
3° '5-33 I5-I9 J5-5° 16.39 15-12 •••• 15.51 12.41 117.4 
60 22.15 22.30 22.13 21.43 21.44 . . - • 21.89 6.03 110.9 

Stick No. 3. 

10 8.84 9.32 9.07 9.22 8.15 7.85 8.74 19.18 163.0 
30 18.15 20.15 !9-73 J7-63 16.81 • - . . 18.49 9.43 157.1 
60 24.95 24.92 25.22 24.67 24.20 24.79 3-x3 160.1 

Stick No. 4. 

10 5-47 5-52 6.49 6.28 5.77 5.72 5.87 22.05 102.5 
30 14.05 14.36 14.21 14.97 13-40 14.20 13.72 102.8 
60 22.19 •••• !9-47 19-88 19.90 . . . . 20.33 7-59 94-3 

L E A D C H L O R I D E . 

Stick No. T. 
t. X1. x^. xt. xt. xb. x. S—x. C. 

i o i . . . . 5.96 6.56 5.70 6.35 6.14 32.52 71.5 
30 15-9 15-5 15-8 15-73 22.93 75.6 
60 25.5 35.7 22.5 24.58 14.08 72.7 

Stick No. 2. 

i o j 9.93 9.01 10.05 9.40 10.21 9.73 28.93 119.0 
30 23.8 20.6 22.6 22.7 22.2 22.38 16.28 125.4 
60 31.9 31.9 30.4 31.9 30.8 31.38 7.28 120.9 

Stick No. j . 

i o j 8.17 7.04 7.25 7.50 7.20 7.43 31.23 88.2 
30 20.4 18.8 18.4 17.4 18.2 18.64 20.02 95.2 
60 26.1 27.1 28.4 26.8 26.8 27.02 11.64 86.9 

Stick No. 4. 

iof 6.18 4.84 4.81 4.17 4.50 4.90 33.76 56.0 
30 15.i 15.4 13.7 12.0 11.4 13.52 25.14 62.3 
60 23.1 23.0 22.6 21.2 18.0 21.58 17.08 59.2 
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It is evident from these results that the calculated constants 
vary usually irregularly and but little. 

As this is the case with two substances of so widely different 
chemical nature and physical properties as benzoic acid and lead 
chloride, it is safe to assume that the law is a general one. It 
may be expressed as follows : The rate at which a solid sub
stance dissolves in its own solution is proportional to the differ
ence between the concentration of that solution and the con
centration of the saturated solution. 
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J UDGING by the number of articles that continue to appear 
from year to year in chemical journals, elaborating more or 

less complete schemes for the analysis of these alloys, the sub
ject is still a timely one for discussion. There is, furthermore, 
small likelihood that this apparent interest will lag, in the near 
future at least, owing to the evident fact—and it is one that 
must not be lost sight of in passing judgment on the merit of 
such a combination of methods for separation and determination 
as the present paper deals with—that we are not considering a 
material capable of being handled like steel, where accurate 
methods have been found for ascertaining the quantity of almost 
every element present without the necessity of first removing 
three or four others from solution. 

In the light of our present knowledge of the chemical deport
ment of the metals of the hydrogen sulphide and ammonium 
sulphide groups, all methods which even approach accuracy 
must of necessity be comparatively tedious. Not alone is it essen
tial in almost every case to free a solution from interfering ele
ments to reach the one sought, but in very many instances it is 
all but impossible to get the former out of the way without sus
taining loss of the latter. Add to this the manipulative difficul
ties such as the washing of slimy precipitates that persist in 

1 Read before the Chemical Section of the Engineers Society of Western Pennsylva
nia. 


