
DENSITY OF HYDROCHLORIC ACID 

BY J. PITCH KIXG 

Recently I had occasion to consult the literature for the 
density of 2 S HC1 a t  15' C referred to water a t  4' C. This 
paper is intended to show the lack of agreement on data on 
the density of hydrochloric acid, a lack which may be typical 
of published density data in general, and to give the results 
of my own work on the density of hydrochloric acid. 

From each investigator's work I have selected the con- 
centration nearest to 2 and from the density of that acid 

have calculated the density of 2 LV acid, assuming Ac = K 
as given in the following table: 

AD 

Iiivestigator 

Lunge 

Cheneveau 

Kohlrausch (18 ") 

Percent 
HC1 

12.38 
9 .99  

5 . 1 8  
2 ' 93 

11.93 
8.12 
4.  I3 
9.81 
4 . 7 4  

7 .84  

N 

3 .60  

2.23 
I .46 
0 . 8 1  

3 . 4 6  
2.31 

2.82 
1.33 

2.87 

I . I j  

Density AD 
I j o c  I 

1 .0609 i 0.00493 
I ,0491 
I .  0384 

I .  0140 
I .ojX7 

I . 0 2 j L  

I .  0398 
I , 0 2 0 0  

I .  0487 
I ,0236 

- 
0.00498 

0 ' 00493 

0.00496 
0.0049 j 

0.00495 

0.00 j00 

- 

-- 

Average, 0.00496 

varies in the above range of concentration from the 
average value by as much as o.00004. 2 S Hydrochloric 
acid contains 7 . o j  percent of HC1 as calculated from Lunge's 
figures. So in calculating the density of 2 i\; HCl even from 
the density of 2 percent acid or of 1 2  percent acid, an error of 
no greater than 5 X o.00004 or 0 .0002 could be introduced. 
Most of the conversions covered a much shorter range. 
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In converting from a given temperature to I j ' C, I have 
used the temperature coefficient given by Lunge and March- 
lewskil of 0.00023 per degree, which is in accord with the' 
value given by Schuncke.2 When unable to discover whether 
water at  the temperature of the experiment, a t  4' C, or a t  
0' C, was used as the standard of reference, I have used the 
temperature which brings the result nearest the average of 
the results. In no case did the temperature difference ex- 
ceed j ' ; hence a ten percent error in the temperature coefficient 
could not change the calculated density by more than one 
unit in the fourth decimal place. 

Thus for example: 
Given that : 
7.15 percent HC1 has a density of I 0357 a t  15 .5"  C 

Density of HzO a t  15 . 5  ' C is o 99905. 
I ,0357 X o 99905 = I ,0347 = d referred to H 2 0  a t  4^. C. 
I ,0347 4- (0 .5  X 0.00023) = I ,0348 = D'iZ. 
1 .0348-  [ ( 7 . 1 5 - 7 . 0 5 )  X 0 004961 = 1.0343. 
Result: Density of 2 N HCl a t  I j " C referred to water 

Also having found that I ,0348 = D1:Z of 7 . 1 5  percent 

Since one litre at  15' C contains 1034.8 grams 

Now one liter of 2 N HCl contains 72 .94  gram HC1. 

referred to water a t  15 .5  ' C. 

' 

a t  4' C is I 0343. 

HCl calculations could be made as follows : 

o ,0715 X 1034 8 = 73 .98  = wt. of HC1 per litre. 

0.0348 x p''4 0.0343. 
73.98 

Density = I ,0343. 

All the data from the literature were given to four or five 
The literature references are given a t  places of decimals. 

the end of the article. 

Zeit. angew. Chem., 1891, 133. 
* Zeit. phys. Chem., 14, 331 (1894). 
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Experimental 
In my own determination of the density of hydrochloric 

acid, the Davis pycnometer1 was used. Conductivity water 
was prepared by treating distilled water with potassium di- 
chromate, acidified with sulphuric acid. This was distilled 
into baryta water and again distilled. A block tin condenser 
was used and a trap was inserted between the last still and the 
condenser. Grasselli "strictly chemically pure' ' hydrochloric 
acid was distilled into this conductivity water. The resulting 
acid solution was stored in an old hydrochloric acid bottle 
which had been cleaned and steamed out. The pycnometers 
were thoroughly cleaned and steamed out and then dried by 
passing dry air through them. The freshly prepared conduc- 
tivity water was used to determine the volumes of the pycno- 
meters. The thermostat used was regulated a t  15' C to * 
o O j  O (thermometer standardized by the Bureau of Standards). 
Two pycnometers were used and the determinations with 
each pycnometer were run in triplicate. The filled pycno- 
meters were allowed to remain in the thermostat for twenty 
minutes. After adjustment, the ends were capped and the 
pycnometers were hung in the balance case until the weight 
was constant to four-tenths of a milligram. Two different 
concentrations of acid were used so as to determine the con- 
centration coefficient, and the density of one of the concen- 
trations was measured a t  two temperatures so as to determine 
the temperature coefficient. 

The composition of the acid was found by the silver 
chloride method, using the Gooch crucible, two determina- 
tions being made of each concentration. The silver chloride 
precipitate was treated with hydrochloric acid and nitric acid 
and heated at  200  O C until the weight was constant to " 0 .  GGOI 

gram. The hydrochloric acid solution was weighed in weigh- 
ing bottles with gas-tight ground glass stoppers to prevent any 
evaporation during weighing, care being taken that none 
of the solution came in contact with the capillary of the ground 

1 Jour, Am. Chem. SOC., 37, 1198. 
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0.8158 
0.8j02 

glass stopper. 
lytical work. 

Conductivity water was used in all the ana- 
The results of the investigation are given in 

0.2076 
0.2163 

the following tables. 

Composition : 

Analysis 
S O .  

I -4 
I 1  x 
r B  

1 1  B 

Corrected weight 
of HC1 solution 

in vacuum 
Grams 

2 ,0908 
2 .  I795 
2 ' 9998 

Corrected ' 
weight of .4gC1 I 

in vacuum 
lye:: '* 

Grams 1 Grams 

I - O  
Density Lo 

4 
1 

Corrected weigh %:- ~ of water content 
in vacuum 

Grams 
I 
1 

____ 

T -1 ' 18.9762 
z X 1 18.6070 

18.9762 
2 R  I I 18.6070 

Composition 
Percent 

__  

9.927 
9.925 
7.140 
7,138 

'Corrected weight; 1 of HC1 solution , 
1 content in Density 
l \acuum I 
I Grams , 

T701ume 
c c  

18.9933 19.9182 I 1.04870 
18.6238 1 19.5308 ~ 1.04870 
18.9933 ~ 19.6543 I ,03480 
18.6238 I 19.271j 1 1.03479 

2 0  O Density - 
4 O  

I C j 18.9610 ' 18.9952 1 19.6323 j 1.03351 
2 c 1 18.5924 1 18.62j9 I Ig.2jos 1,03355 

Calculations as in above table on page I I 6. Results given 
to  four places of decimals for comparison: 

Colic. of HCI 

Percent I Density Temp. 
" C  

2 0  O 

i Calculated 
Referred Density of 

I to  water 2A7 HC1 a t  

- I  I 
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Calculation of concentration coefficient : 

AD 
A T  

Percent HCl l N l  Density 

1.04870 ~ 9.926 0.004986 7 .  I39 2.023 1.03480 j 
Calculation of temperature coefficient : 

Temp. Percent 
HC1 ~ 

7 * I39 I I5O 
7 I39 20°  

Discussion of Accuracy of Work 
In  determining the composition of the hydrochloric acid 

solutions, the silver chloride was weighed to two units in the 
fourth decimal place. This might involve an error of five 
units in the fifth decimal place in the weight of the HCl or 
about a 0 . 0 3  percent error which would effect the percent 
composition by two units in the third decimal place. A change 
in the composition of I percent changes the density o .00496. 
An error of 0.002 in the percent composition would be equiva- 
lent to a change in the density of O.OOOOI, 

The pycnometers were weighed to four units in the fourth 
decimal place. This could introduce an error of 0 . 0 0 2  per- 
cent, which would effect the density by o.00002. The capil- 
laries in the pycnometers were 0.12 cm in diameter and the 
meniscus was set to within 0.02 cm of the mark. This might 
introduce an error of 0.0002,  which is within the error of weigh- 
ing. 
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