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INTRODUCTION 

The present experimental problem owes its origin to 

the finding of a possible relationship between concen¬ 

tration and volume in saturated solutions of strong 

electrolytes. The assumptions which led to this relation¬ 

ship and which may afford some interpretation thereof, 

will be described first. 

Consider as a typical example the case of RbCl. Ac¬ 

cording to Eajans^ and others we may assume the salt to 

be completely dissociated into its ions. It is further 

supposed that both ions are able to hold dipolar mole¬ 

cules of water by electrostatic attraction. In satura¬ 

ted solutions, however, where the number of water mole¬ 

cules is very limited, as a result of competition be¬ 

tween the two ions, only the stronger ion has control 

of the dipoles. This stronger ion will be called the 

Dominant ion. In the case of RbCl it is the Cl“ which 

is dominant. 

The foregoing postulates simplify the problem of 

solubility somewhat and permit the following picture 

of conditions to be drawn. In a saturated solution at 

a given temperature the ions have come as close as 

possible, because if brought any closer ( as by evap¬ 

oration of solvent), they come together to form crystals 

1. ITaturwissenschaften 
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This closest approach of ions is therfore a critical 

property of the saturated solution and may he taken 

to represent the point where the forces tending to 

unite the ions are just balanced by those holding the 

ions apart. The uniting forces no doubt depend on the 

attraction between the two oppositely charged ions; 

the distending action must be attributed to the ther¬ 

mal energy of the iqns and also to the attraction of 

the Dominant ion for the solvent molecules. 

Without going deeper into an analysis of the pro¬ 

blem we can make a further deduction; like the closest 

approach of ions in solutions, the number of moles of 

HgO associated with each mole of salt, is also a crit¬ 

ical property of saturated solutions and indeed, it is 

probably determined by the same forces. Consequently 

we may look for some relationship between those tvio 

characteristic properties of saturated solutions. 

To determine the nature of this relationship all 

of the available data on the alkali halides have been 

collected and are contained in Tables I - III. In 

each case IT represents the number of moles of water 

per mole of salt. dg is proportional to the critical 

distance and has been calculated from the following 



formula: 
1 

d 
s 2x6.06x1623 

7 

Here V is the volume of solution containing lgm. mole. 

This formula gives the distance between ions, assuming 

them arranged according to the rock salt structure. 

There is no basis for sueh an assumption, but it is 

made because it simplifies the subsequent discussion 

and, since it is proportional to 7 , it does not in¬ 

troduce any complications. 

In Figure 1 values of d for the salts are plotted 

against those of f for the same temperature. Two fea¬ 

tures of this diagram are particularly noteworthy, In 

the first place the points for the chlorides of K, Rb 

and Cs fall very close together; on the other hand they 

diverge greatly for the points of LiCl. This result is 

not unesqpected because in the first three salts the 

chloride ion is the dominant or strongest ion while in 

the latter case, the lithium ion is dominant. 

The second noteworthy feature is the apparent lin¬ 

earity of the relationship between dg and H. To test 

1. 2. Physik. 2 , 299-308. 
1920 
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this conclusion linear equations have "been calculated as 

follows: 

Values of d calculated from these equations are given 

in Babies I - III. The agreement between the observed 

and calculated values is excellent for Rubidium and 

Caesium chlorides; for the potassium chloride, however, 

the linear equation does not appear so correct. By try¬ 

ing various functions it was found that the following 

.équation fits the data quite well: 

RbCl : d = 0.1737 R -I- 3.917 s 

CsCl : d = 0.1911 R 4- 3.858 
s 

KC1 : d = 0.1411 R 4. 4.18 
s 

liCl : d a 0.2905 R 4- 3.069 
s 

s 

d2 = 1.625 R + 15.19 
s (6) 

Calculated values are given in Table II. 



Table I 

RbCl . CsCl 

S 
&oXl0 ”®cm. 

T S 
d^xlO' "®cm. 

T 
Exptl. Calc. A Exptl. Calc. A 

0 8.72 5.425 5.431 +.006 0 5.80 4.966 4.966 .000 

10 7.95 5.298 5.297 +.001 10 5.35 4.878 4.870 -.008 

20 7.37 5.197 5.197 .000 20 5.02 4.818 4.817 -.001 

30 6.88 5.114 5.112 -.002 30 4.74 4.765 4.764 -.001 

40 6.48 5.044 5.043 -.001 40 4.49 4.718 4.716 -.002 

50 6.14 4.983 4.984 +.001 50 4.27 4.676 4.674 -.002 

60 5.81 4.927 4.927 .000 60 4.07 4.637 4.636 -.001 

70 5.52 4.876 4.875 -.001 70 3.90 4.604 4.603 -.001 

80 5.28 4.829 4.834 +.005 80 3.74 4.571 4.573 +.002 

90 5.04 4.788 4.790 +.002 90 3.59 4.543 4.544 +.001 

100 4.87 4.748 4.758 +.010 100 3.46 4.516 4.519 +.003 

Table II 

ds and S' values for KC1 

T H 
Exptl. 

ds values 
Calc.(4) Calc.(6) (6)-exptl 

0.70 14.63 6.230 6.24 6.242 +.012 

19.55 12.04 5.895 5.88 5.896 +.001 

59.85 9.039 5.467 5.45 5.465 -.002 

74.80 8.347 5.363 5.36 5.361 -.002 

89.45 7.753 5.272 5.27 5.272 .000 

>8(b.pt .)5.637 4.935 4.97 4.937 +.002 



Table III 

*s and IT values for Li Cl 

T ÏÏ 3-s 
Exptl. Calc. 

0 3.640 4.11E 4.1E6 +.014 

15 3.098 3.998 3.969 -.029 

100 1.853 3.590 3.607 +.017 

By assigning these equations to represent the relation¬ 

ship between ds and H we can make two interesting deductions. 

First,we can calculate the value of da when 1=0; that is 

how close the ions can come without forming crystals. 

These values are the constants in the above equations 

and are tabulated below in column 1. 

Salt Eq_.no. 1 2 3 4 5 
ds ( 51=0 ) d0 â-s^do &sx<^m 

RbCl (2) 3.917 3.291 3.623 12.89 14.19 

CsCl (3) 3.858 3.32 3.678 12.81 14.19 

KC1 
tt 

(4) 
(6) 3.898 • 3.427 

13.09 
12.24 

14.32 
13.36 

Li Cl (5) 3.069 2.567 7.90 

Columns 2 and 3 give the lattice distances in the crys¬ 

talline state at room temperature and at the melting 

points of the salts respectively. Column 4 contains the 

product of the critical solution distance and the lat¬ 

tice distance at room temperature,while in column 5 is 



the product of the critical solution distance and the 

lattice distance at the melting point. It is seen that 

the values of these products are quite constant. In short 

it appears that for salts with the same Dominant ion 

the nearest approach without crystallisation taking place 

is inversely proportional to the distance existing "be¬ 

tween the ions in the crystalline state. 

Finally one further deduction may "be made, The variables 

ds and H in equations 2 to 6 are both functions of the 

temperature so it is possible to differentiate these 

equations with respect to this variable. Thus we obtain: 

RbCl 0.1737 cLU 
ÏÏ3T 

(2*) 

CsCl - a<4s) =■ 0.19 dlT 
dT dT (3*) 

KC1- Sàxd(da) = 
4T 

1.625 _ air 
dT (en 

LiCl 
dT 

0.1799 an 
dT (5 n 

From this we conclude that the temperature coefficients 

of dg and IT, with the exception of KCl,are directly 

proportional to each other. This could also mean that 

dg and ÏÏ" are both related to temperature by similar 

functions. 

The case of KC1 is especially interesting. From the 



various criteria regarding the hydrophile strength of ions 

it is generally "believed that potassium and chlorine are 

equal. In fact the small solubility is attributed to the 

fact that there is no Dominant ion, but both ions hold 

the water dipoles. Consequently,contrary to the simple 

case of a salt with a Dominant ion, there is no reason 

to believe the existence of a simple relationship be¬ 

tween IT and ds. The temperature coefficient of if turns 

out to be,not directly proportional to the temperature 

oo’efficient of ds,but proportional to the latter coeffic¬ 

ient times ds# In other words lï increases faster with 

temperature than does the critical distance which is 

what would be expected if the two ions both hold water 

dipoles. 

The preceding survey covers all the adequate and 

satisfactory data for the alkali halides. The present 

experimental work has been undertaken in ordef to fill 

some of the remaining gaps in the measurements of the 

alkali halides. The purification of materials has been' 

so chosen,wherever possible,that the results would be 

supplementary to those of Baxter and Wallace1 for the 

alkali halides at various concentrations below saturation. 

1. J.A.C.S. 38 . 73 
1916 
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Methods of procedure have been studied with the purpose 

of developing a technique applicable to salts of varying 

degrees of solubility over a range of temperature from 

0 to 100 degrees. 



PURIFICATION OF MATERIALS 

Ordinary distilled water was twice distilled,once 
WATER 

from an alkaline permanganate solution containing 

a.half inch piece of NaCH and sufficient potassium perman¬ 

ganate to make a very dark solution. The distillate was 

then redistilled this time with the addition of 5-6 drops 

of dilute sulfuric acid. Both condensers consisted of copper 

jacketed 11001: tin tubes fitted to 5 liter pyrex flasks with 

constricted necks. The connection "between the tin and the 

constricted neck of the flask was sufficiently tight so that 

water which condensed at this joint made a satisfactory seal. 

Small inverted florence flasks with holes "blown in the sides 

for the condenser tubes were placed in the necks of the pyrex 

receiving flasks to protect the pure water from dust. This 

water was distilled only as needed,and never kept for any 

length of time. 

„ Baker’s concentrated C.P. acid was distilled 
NITRIC ACID 

from a glass stoppered pyrex flask through a 

pyrex condenser and collected in a well aged soft glass 

bottle just previous to use. The first third of the dis¬ 

tillate was always rejected as well as the residue of about 

one tenth of the original volume. In the latter stages of 

this research an all quartz apparatus was used in place of 

pyrex described above. 



Baker’s C.P. acid diluted to an approx- 
HYPROCHLORIC AC 13) 

imately constant Boiling mixture of 20 

volumes of the acid to 15 of water was distilled through a 

pyrex apparatus with rejection of the extreme fractions. 

The resulting distillate consists of a constant Boiling 

mixture containing 20.24^ HC1. This acid was: also distilled 

only as needed. 

In order to eliminate chlorine and most of the 
BROMINE. 

iodine, Bromine was distilled from solution in 

approximately 2 molar KBr. The first eighth of the distill¬ 

ate was rejected thus eliminating iodine while any chlorine 

present remained Behind as KC1. Here it is well to mention 

the precaution of Being sure to secure the complete solu¬ 

tion of the Bromine in the KBr solution for otherwise an 

explosion may result. The Bromine obtained from the first 

distillation was Ushen redistilled alone using a water Bath 

in place of a hot plate and ice water in Both the condenser 

jacket and also over the receiver which was held in a large 

funnel for removing the ice water. The apparatus was essent¬ 

ially that used for the distillation of nitric and hydro¬ 

chloric acids. 

Iodine was distilled from solution in KI and the 
IODINE 

product steam distilled. Considerable difficulty 

was experienced in devising an apparatus which possessed a 



reasonable capacity and did not plug .up with Ig. An ordinary 

glass retort with ground stopper of about 750 ec. capacity 

was tried first with its original neck which quickly clogged 

and then with a large neck, of about 3/4" bore sealed on. This 

worked very well as far as stoppage was concerned but splash¬ 

ing over could not be prevented even by frequent refilling 

which was very wasteful of iodine or the time allowed for the 

apparatus to cool. The process at best is a tedious one and 

accordingly a side arm of 3/4” bore and about 18 in. long 

was sealed on to a 3. liter glass stoppered flask. A B liter 

flask into which the side arm of the distilling flask ex¬ 

tended nearly to the bottom and which was kept almost sub¬ 

merged in an ice bath, was xised for a receiver. For the 

steam distillation steam v/as generated in a 3 liter pyrex 

flask connected through a ground glass joint to the distill¬ 

ation flask. 

Baker’s C.P. sodium carbonate was 
INTERMEDIATE MATERIALS ! 

recrystallized 3 times in porcelain, 
USED IN MAKING- PURE 

the solution being filtered before 
SALTS 

and after the first crystallization. 

The crystals were drained and washed in each case in the 

porcelain centrifuge to be described. 

Baker’s.C.P. oxalic acid was twice crystallized in pyrex 

using centrifugal drainage. 

Baker’s C.P. potassium oxalate was twice crystallized 

in porcelain. In this case because of the small amount of salt 



and the size of the crystals it vas necessary to collect 

and vash them on a buehner funnel using suction. 

Sodium oxalate was made "by the addition of the purified 

oxalic acid to the purified sodium carbonate. 

Ammonium carbonate was made by simultaneously passing 

washed carbon dioxide and freshly distilled ammonia into 

best distilled water. The COg was thoroughly washed in a 

series of wash bottles containing acid permanganate and sod¬ 

ium carbonate solutions. The resulting ammonium carbonate 

solution was always used as soon as it was made. 

Sodium bromide was prepared by converting 
SODIUM SALTS 

pure sodium oæilate to bromide by an excess 

of bromine. The reaction was brought to completion by pro¬ 

tracted boiling in a porcelain container. .During this boil¬ 

ing any iodine still remaining in the bromine must have 

been expelled. Frequent additions of bromine ’were necessary 

since the loss was considerable, ’.'hen no test for oxalate 

was obtained with CaClg,the salt was evaporated to dryness 

and fused in platinum. It was then dissolved in best water, 

filtered, and crystallised twice in platinum. The resulting 

salt was dried 2 hours at 250 degrees,carefully powdered 

and again heated to 250 degrees for several hours. 

Sodium iodide vas prepared in a like manner by adding an 

excess of iodine to pure sodium oxalate in a 3 liter dye pot 

This reaction proceeds even more slowly than with the EaBr 



and at first the mixture could only he heated gently "because 

of an excessive loss of iodine on too rapid heating. After 

"boiling intermittently for several weeks with frequent additions 

of iodine a trace ‘of oxalate was still present as determined 

with CaClg . The salt vas finally evaporated to dryness and 

fused in platinum thus converting the remaining oxalate to 

carbonate. Pure hydriodie acid was distilled in an all 

quarts apparatus and the portion distilling between 125-128 

degrees was collected. Small amounts were added to. the 

filtered Nal solution in best water until effervescence 

ceased and then a slight excess vas added. As no trace of 

oxalate or carbonate could now be detected in the solution, 

it .was boiled to expel excess iodine and crystallized twice 

in platinum. Since Hal solution decomposes slightly on 

continued heating evaporation during the second crystall¬ 

ization was carried out at about 50 degrees. The salt was 

dried in the same manner as the sodium bromide already des- 

cribed. 

Sodium chloride was prepared by saturating a saturated, 

filtered solution of HaCI in best water with HC1 gas generated 

by boiling the C.P. acid. The salt was collected on a 

buchner funnel,washed,dried,and finally fused in a platinum 

dish before use. 

Potassium iodide was prepared in the same 
POTASSIUM SALTS 

way as sodium iodide from the purified 

oxalate and iodine. However, in this case it w&s not necessary 



to add HI since the reaction went to completion on protracted 

toiling with excess iodine. The salt vas fused,dissolved 

in test water, filtered,and crystallized once in platinum. 

Since KI solution decomposes considerably more than Hal, 

whatever excess iodine in the crystals which ms not removed 

in draining was gotten rid of by prolonged heating at 110 

degrees in an electric oven. The resulting salt was crys¬ 

tallised twice more in platinum at a temperature of not over 

40 degrees. Even under these circumstances slight decomp¬ 

osition toolc place so the final crop of crystals was again 

dried at 110 degrees,powdered,and reheated for several hours. 

The pro.duct.was practically white and dissolved in cold 

water to give a solution only very slightly tinged with 

yellow. 

LITHIUM SALTS 
The lithium salts were prepared from a U.S.P. 

grade of lithium carbonate. This carbonate 

was thoroughly washed with water and dissolved in freshly 

distilled HC1 to which a slight excess of the vashed car¬ 

bonate was added to precipitate basic impurities. After the 

solution had been boiled and filtered LigCOg was precipitated 

by adding freshly made^Hl^COg solution.to the hot concentrated 

LiCl solution. The resulting carbonate was crystalline and 

easily washed with hot water. Since the yield is at best 

only 50fo the liquor was evaporated to dryness to expel 

J.A.C.S. 32 
1910 
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ammonium salts and reprecipitated with ammonium carbon¬ 

ate. The combined crop of LigCO^ v/as dissolved in 

slightly less than the theoretical amount of HC1 and 

the'residue filtered off. This salt was crystallized 
• 

3 times in platinum and dried in the air bath at 250 

degrees. Because of its extremely deliquesent nature it 

was transferred hot to a hot glass-stoppered bottle. 

lithium fluoride was made by precipitating the res¬ 

fluoride solution. The first sample was precipitated 

in the cold, giving an extremely gelatinous precipitate, 

which was filtered and washed with difficulty in a 

Munroe crucible. The second sample was made according 

materials into boiling water in a platinum dish, con¬ 

stantly stirring and avoiding excess of either solution. 

This method gave a less gelatinous precipitate which 

v/as more easily washed but it could hardly be called 

crystalline. The first sample was dried for 4 hours at 

110 degrees while the latter was heated to 400 degrees 

for several hours. 

to a concentrated filtered solution of silver nitrate. 

idues from the LigCO^ precipitation with ammonium 

? 
to Richards by running concentrated solutions of the 

SILVER IÎITRATE 
Silver nitrate v/as prepared by adding 

an eq.ua! volume of purified nitric acid 

2. J.A.C.S. 



APPARATUS 

The very efficient method of centrifugal 
THE CENTRIFUGE 

drainage1 was employed in the crystallisa¬ 

tion of all the starting materials which were purified in 
m 

some quantity. The centrifuge shown in Eigure 2. consists of 

a porcelain cylinder perforated with 0.5 cm. holes which is 

mounted on a shaft rotating in a large porcelain container 

from which the mother liquor is drained off at the "bottom. 

The centrifuge is rotated "by hand from a large wheel giving 

a pulley ratio sufficient to produce a speed of about 1000 

R.P.M. The centrifuge cylinder had a capacity of 2 or 3 Kg 

and could "be used for amounts down to about 500 gm. provid¬ 

ing the crystals were of sufficient size to mat well. 

The procedure generally adopted ms to crystallize the 

material from a hot saturated solution regulating the con¬ 

ditions so that the crystals would be of a size sufficient 

*to be retained in the centrifuge cylinder. The crystals were 

.transferred to the centrifuge by means of a large porcelain 

spatula and the mother liquor drained by whirling for about 

5 minutes. Then while still in motion the crystals were 

thoroughly washed with a fine stream of ËpO from a wash 

bottle, the whirling being continued until as much liquid 

as possible had been drained off. 

All the salts purified in this invest 
THE ELECTRIC FCJRMCE 

igation were fused or dried in an 

electric furnace constructed from an 800 cc porcelain bealcer 

1 J.A.G.S. 27, 104 
lWè 
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wound with 36 ft. of no* 18 chfomel wire. The wire was first 

made into a spiral spring which was wound on the beaker over 

several, layers of asbestos paper. The beaker was then placed 

in a porcelain battery jar just large enough to contain it and 

the winding. A thin layer of shredded asbestos was packed in 

around the tpp and this unit was placed in a large crock, the 

interspace of about 3 in. being packed with shredded asbes¬ 

tos. The top of the packing was painted with silicate of 

soda yielding à hard smooth coating on drying that prevent¬ 

ed the danger of contamination of the salts by dust from the 

packing. A quartz evaporating dish served for a cover. The 

temperature of the furnace was regulated by means of a simply 

constructed external resistance. 

A number of the crystallizations of the start- 
TEE AIR BATHS 

materials and some of the following synthe¬ 

ses were carried out in 3 liter porcelain dye pots of such 

a shape that very little surface was in contact with an ord¬ 

inary hot plate. This caused considerable trouble due to 

bumping. The difficulty was eliminated by lining the inside 

of an ordinary 8 in. copper steam bath with chromel wire. 

Such a heater distributed the heat evenly over a considerable 

area of the dye pots and casseroles employed , thus facil¬ 

itating evaporations greatly. This heater with a set of por¬ 

celain concentric rings fitted over the top was employed as an 

air bath in most of the final crystallisations. 



Another type of air "bath used principally for drying those 

salts which decomposed at higher temperatures and for eliminat¬ 

ing free iodine from the iodides, consisted of a 4-liter 

beaker the "bottom of which had "been removed. This beaker 

was insulated with several sheets of asbestos paper and 

placed on an ordinary hot plate. A fairly constant tempera¬ 

ture of about 270°C could be maintained in this manner, while 

without the asbestos insulation the bath remained at approx¬ 

imately 250°C. 

The thermostat was designed for operation at 
THE THERMOSTAT 

1 temperatures from 0° to 100°C. It consisted 

of a-welded copper tank 12 x 16 x 24 in. supported in a heavy 

box by an iron plate enabling it to be heated by gas. The 4-in. 

inter-space was packed with shredded asbestos and magnesia 

insulation. The tank was lined with 5/8 in. copper tubing for 

the introduction of steam or ice water. Stirring was accomplish 

ed with a 4-in. 4-bladed propellor driven by a 1/6 H.P. 

motor connected through a worm and worm gear to give a speed 

of about 800 R.M.F. It was found necessary at the lower temp¬ 

erature on account of the increase of viscosity of the oil 

to place another similar stirrer at the other end of the bath. 

This was driven at about the same speed from the main stirrer 

shaft by means of a leather belt. The shaft for holding the 

saturation bottles extended theclength of the bath and was 

driven through an external belt connection and bevel gears in 

the bath at a speed of about 80 R.P.M. Details of the bath 



are shown in Figure 3. 

Heating was accomplished by means of two knife 

heaters, one 250 watt and the other 125 watt, connected 

interchangeably one in a continuous circuit and the 

other through the relay f-regulat or circuit. This v/as sup¬ 

plemented at the higher temperatures by passing steam 

through the coils and by a burner underneath in some 

cases. At 25 degrees it was necessary to pass ice ?/ater 

through the coils at a rate sufficient to keep the 

temperature several degrees lower; the necessary heat 

to maintain the desired temperature being supplied by 

only the intermittent heater. 

The temperature of the bath was controlled by means 

of a mercury toluene regulator of pyrex consisting of 

fotir fingers 3/4 x 8n and two bulbs of sufficient capa¬ 

city for mercury to allow its setting at any temperature 

between 0 and 100 degrees. The regulator was connected 

in series with one heater circuit and a relay actuated 

by a six volt storage battery. The relay was equipped 

with tungsten contacts v/hile it was found that a bright 

nichrome wire was more satisfactory than platinum for 

the mercury make and break in the regulator, since there 

was no tendency with the former to be wet by the mercury. 

The bath was filled with a light yellow paraffin oil 

which darkened considerably on maintaining the bath at 



FIG. 3 



the higher temperatures for a considerable length of time. 

A Ben Tom rm thermometer showed no appreciable differ¬ 

ences in temperature in various parts of the bath at the 

lower temperatures with both stirrers running and above 

50degrees with only one stirrer in operation. The bath 

at 25 degrees was constant within 0.02 degrees and with 

increase in temperature the sensitivity fell off to about 

0.1 degree at 100 degrees. However it was found necessary 

to replace the toluene in the regulator with xylene which 

has a slightly lower coefficient of cubical expansion. It 

was found before filling the regulator that the toluene 

which was of C.P. grade attached the mercury rapidly 

probably due to the presence of sulphur compounds in the 

toluene. Accordingly the toluene was allowed to stand 

over the mercury with frequent shaking for several weeks, 

at the end of which time both the mercury and the toluene 

were filtered and immediately placed in the regulator. 

IÿO trouble was experienced until the bath had been runn¬ 

ing at 100 degrees for some time when it became necessary 

to take the regulator out of the bath to repair the lower 

electrical contact. When th© regulator had been replaced 

and the temperature again elevated to 100 degrees bubbles 

of gas appeared in the tubes. Even after refilling these 

bubbles appeared on heating or the application of suction 

to the regulator. They were finally found to originate in 
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the scum of material formed from impurities and the mercury. 

It was decided that toluene was unsuitable at a temperature 

so near its boiling point so xylene which had been refluxed 

4 hours over sodium amalgam and then distilled was substituted. 

Bo more trouble was experienced with bubbles and the regulator 

worked satisfactorily for the remainder of this investigation. 

The sensitivity of the regulator was only very slightly 

lowered by the substitution of xylene. 

For the determinations at zero it was found more convenient 

to employ a 4 liter batteiy jar insulated with 4 layers of 

fairly heavy asbestos paper. The jar was filled with distilled 

water and a large amount of washed, cracked ice. The saturation 

tube was inserted to within an inch of the level dff the bath; 

the stopper and stirrer were inserted and connection made from 

the motor shaft to another glass propeller in the ice bath. 

The bath was found to remain constant within a few hundredths 

of a degree except when it was necessary to add more ice, at 

which time the fluctuation became as great as 0.2 degrees for 

a short time but quickly returned to equilibrium. 

Central Scientific company’s thermometer #8575 was 
THERMOMETERS 

calibrated to 0.01 degrees at the several 

temperatures by comparison with IJ.S.B.S. thermometer #43245. 

The former read from 0°C to 100°C, the latter from -10°C to 

110°C; both were graduated tà tenths of a degree and could be 

read to hundredths with a reading glass. Corrections for the 

exposed thread were applied in the usual way. 



The flasks used for the 0° and 25® 
THE DENSITY FLASKS 

measurements were ordinary 25 cc 

glass stoppered "volumetric flasks the necks of which had been 

constricted at the point of graduation to about 1.5 mm. 

internal diameter. Similar flasks were tried at the higher 

temperatures but difficulty encountered in transferring 

the solution and filling them made it necessary to adopt 

the design shown in figure 4. Several of these flasks with 

necks constructed of 1.5 - 2 ram. bore tubing were first 

made but even with ÿhe modified procedure great difficulty 

in filling was encounterèd. finally several more were 

constructed with necks of 3 mm. bore. These flasks proved 

very satisfactory for the LiF determinations . A similar 

one of smaller capacity with much thicker walls was made 

for measurements on liCl solution at 100 degrees. It was 

necessar y to make this flask much stouter to withstand 

the pressure produced by the almost immediate crystalliz¬ 

ation of the LiCl throughout the flask on being removed 

from the bath. 

The flasks used at the lower temperatures were cali¬ 

brated at 25 degrees and 50 degrees and those for the 

measurements at higher temperatures at 75 degrees and 

90 degrees. Volumes of the flasks at other temperatures 

not determined were obtained by extropolation since it 

was shown by Berkeley1 that values thus obtained using 

1. Trans. Royal Soc. 203 . 189 
1904 
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the same flask for the whole range of temperature were within 

experimental error. It was nevertheless thought advisablB to 

use two sets of flasks to preclude the possibility of any 

permanent change in volume due to prolonged heating such as 

was necessary in making the density measurements. Since both 

Berkeley-*- and Scott and Frasier^ found that "the volumes of 

similar small pyknometers or plasks did not change appreciably 

within periods of several months it was not deemed necessary 

to check the calibrations at this time. , 

All calibrations were made with.recently distilled best 

water, no special precautions being taken to remove traced of 

air since Berkeley also showed that the error so introduced 

was negligible for small containers. 

The larger flasks ?/ere allowed to stand in the bath 

several hours and then, after filling with recently difctilled 

best water which had likewise been in the bath for the same 

length of time, they were replaced. At 25 degrees the menis¬ 

cus was set in a transparent Dewar tube containing liquid 

from the bath. After the first adjustment the flasks v*ere 

replaced in the bath for about 15 minutes and the meniscus 

again checked in the Dewar tube. The insides of the necks 

of the flasks were wiped with filter paper while the outsides 

were wiped, washed with alcohol and water and finally dried 

with a clean linen cloth. The use of the Dewar tube at 

1. Trans. Roy. Soc. 203, 189. 
195£ 

2. J. Phys. Chem. 31, 459. 
19^7 



temperatures near that of the room is fully justified 

as will he shown in the following section. At higher 

temperatures this was.not found to he the case ; ac¬ 

cordingly the meniscus was set; in the hath,a procedure 

necessitating a great deal of care and attention in 

order to obtain the desired precision. 

The smaller flasks were filled and immersed in a 

pyrex tube of best distilled water which was in turn 

immersed in the hath and allowed to stand for several 

hours.Since these flasks were completely filled, no 

setting being required, they were removed, the ground 

glass caps put on and the flasks finally wiped dry 

with a clean linen cloth. The flasks were allowed to 

stand at least an hour in the balance room and were 

weighed against similarly treated counterpoises on an 

analytical balance sensitive to .05 mg. All the weights 

were carefully standardized by a modification of Rich¬ 

ards'-^substitut ion method described by Eales2. 

Since the flasks were never weighed at the tempera¬ 

ture of calibration it was necessary to note the temp¬ 

erature at the time of weighing to obtain the density 

value for calculating the vacuum correction, According 

to the conventional formula for solids and liquids: 

1. J.A.C.S. 22, 144 
1900 

2. Inorganic Quantitative Analysis - Eales, p. 103. 
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M * S + S (~ ) 

where M- Vacuum weight of the àbject. 
S- Apparent weight of the object, 
o’- Air density, 
d- Density of the object weighed, 
d.^- Density of the weights. 

The value of the air density was obtained by the 

method described by Baxter-*- using a bulb of 150 cc 

capacity whose apparent weight at various times was 

plotted against the corresponding air densities cal¬ 

culated from the formula: 

_ 464.6 , B- 
= - -T,' ■ A  

0.3783 e 
10 

) 

where o-- Air density. 
B- Barometric pressure in mm.reduced 

to zero. 
e- Vapor tension of the water in the 

air for the existing relative humidity. 
T- Absolute temperature. 

A typical calculation of the volume of a density 

flash calibrated at 90 degrees is shown below: 

1. Weight of flash-H20 ctp + 17.9718 

2. Weight of flask alone ctp + 1,6542 

3. Apparent weight of ÏÏ2O 16.3266 

1. J.A.C.S. ■4?. , 1317-8 
1921 



34.7991 4. Apparent weight of air density bulb. 

5. Corresponding air density. .001167 

6. Temperature at time of weighing 28.9°G. 

M = ( yflfffl x .001167) - ( 16Q^§g" x .001167) 

* density of water at 28.9°C. 

M= 16.32664-(0.0192-0.0023) 

M - 16.3266 +0.0169 = 16.3435 gm. 

7. Volume = ~ 16*9414 oc. 

No vacuum correction ms applied to the glass flasks 

since the only error introduced would "be that caused by 

the difference in the air density between the time the 

flask was weighed empty and full and is negligible. 



PROCEDURE 

The procedure adopted during this investigation was 

as follows. A sufficient quantity of the dry purified 

salt to make about 150 cc of solution, with about 1.5 

gm. excess salt in the case of the LiF and with 5 gm. 

excess for the RaCl and liCl, was v/eighed out on a trip 

balance and added to the requisite amount of best dis¬ 

tilled water in the saturation bottle or tube. For the 

sodium chloride measurements the solution was placed 

in a 250 cc narrow mouthed glass stoppered bottle,capped 

and held on thé stirring shaft as shorn in Figure 5. 

For the other measurements it was found more convenient 

to use a 250 cc straight walled pyrex tube of 4 cm. 

diameter suspended in the bath to within about 1 inch of 

the surface,the solution being at all times at least 2 

inches lower. A carefully cleaned rubber stopper with 

a half inch hole through which a glass stirrer passed was 

placed in the tube and the shaft was connected to a 

small electric motor. On the shaft was placed a small 

rubber disk ;just'above the opening in the stopper to 

prevent any dirt from falling into the tube. Care was 

also taken to see that the shaft was well centered so as 

not to rub against the rubber stopper or the sides of 

the saturation tube. 



* JtJ 

FiQ- 5 



The solutions were stirred or agitated for some time; 

then allowed to stand for periods from 15 minutes for 

the haCl andl LiGl to over an hour for the LiF, whieh, 

because of its fine state of division,settled rather 

slowly; particularly was this true at zero where it was 

necessary to wait 4 hours before taking a sample, A 

density sample was now removed in one of the ways to 

be described and the stirring resumed. After some length 

of time another sample was obtained and its density 

determined. It was assumed that saturation had been 

reached when two consecutive samples gave the same 

density value. In order to obtain this state At was 

found necessary to maintain the samples in the bath 

with practically continuous stirring for periods of 

15 hours or more. 

In nearly all cases the density samples were trans¬ 

ferred to platinum dishes and evaporated to dryness. 

However,one of the LiF solubility determinations at 

100 degrees ms obtained from a separate sample removed 

directly into a platinum crucible and one of the liCl 

samples was obtained directly and its chloride content 

determined gravimetrically,using purified AgHOg and 

collecting the precipitated AgCl in a Munroe crucible. 



The transfer of solution was made in severq.1 ways. 

In the case of the HaCl solution the saturation bottle 

was raised so that its neck just protrûdèd from the 

bath and the glass stopper was replaced by a one hole 

rubber stopper through which passed a tube such as is 

illustrated in Fig. 6a. The capillary of this tube 

was placed through the constriction in the neck of 

the density flask which had been standing in the bath 

and the solution was transferred by gentle blowing into 

the open end of the tube. The flask was filled slightly 

above the mark and allowed to stand for 15 minutes and 

then removed in the Dewar tube previously mentioned. 

The meniscus was set by means of capillaries,the flask 

was replaced in the bath,again removed and the meniscus 

finally checked. The inside of the neck of the flask 

was wiped out with a damp filter paper to remove anÿ 

salt which had collected and finally with a dry one. 

The outside of the flask was wiped,washed with alcohol, 

and water,and dried with a clean linen cloth. The drop 

in temperature in the Dewar tube while it was out of 

the bath was found to be negligible. Temperature 

readings of a Beckmann thermometer in the tube over 

a period of 4 minutes which was well over the time 

required to set or check the meniscus are as follows. 



Time Temperature 

2:03 
2:04 
2:05 
2:06 
2:07 

2.112 
2.112 
2.113 
2.115 
2.118 

The flaslcs were then weighed as described in the pre¬ 

vious section. 

In order to fill the smaller flaslcs a glass holder 

was constructed by means of which the flask could be 

lowered into the solution in the saturation tube. This 

arrangement is shown in Fig, 6b. Before placing it 

with the flask in the solution both were warmed in an 

air bath to a temperature slightly higher than that of 

the solution itself; the stopper of the tube was then 

removed and the stopper carrying the flask holder 

quickly inserted. By applying‘Slight suction to the 

capillary tube inserted in the neck the flask filled 

with solution and was withdrawn, quickly capped and 

the outside washed with distilled water; the cap was 

removed, since now the liquid had contracted into the 

neck,and any trace of salt adhering to the outside of 

the neck was wiped off with a slightly damp cloth and 

then with a dry one. The cap was replaced and the 

flask allowed to reach the temperature of the balance 

room before weighing. 
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For the LiF determinations at 0 and 25 degrees where 

the larger density flasks were again used, the solution 

was transferred by means of a simple wash bottle effect 

with a capillary tip to fit into the constricted portion 

of the flask. This arrangement was also used to transfer 

the directly taken solubility samples to the platinum 

crucibles. 

humerous difficulties were encountered in obtaining 

both the density and solubility samples of LiCl because 

of the immediate crystallisation of the salt on re¬ 

moval from the solution. The density sample was ob¬ 

tained in essentially the same manner; already described 

for the small flasks while one solubility sample was 

obtained using the pipette shown in Fig. 6c. ■ The stopper 

and cap were removed and the pipette after being warm¬ 

ed was lowered into the solution to the desired level. 

On removal the upper stopper was inserted and the lower 

arm capped and wiped as with the density flasks. 

It must be said here that the determinations on LiCl 

solution were not entirely satisfactory because of the 

presence of several indeterminate errors inherent in the 

procedure. It is hpped that a method will soon be de¬ 

vised which will eliminate some of these thus making 



possible more exact determinations of the densities and sol¬ 

ubilities of the more soluble salts . 

No data being available the following method of approxi¬ 

mation; was used to obtain the density of the Liï’ solutions 

at the temperatures of weighing for use in obtaining the 

vacuum correction. The small solubility of lil’ made it pos¬ 

sible to assume that the. density of water when rounded off 

to three figures would be very close to the desired value. 

Using these figures the densities at 25 and 50 degrees were 

calculated and the desired densities,all lying between 26 

and 32 degrees were obtained by interpolation. . 

To find the density of the liCl solution ms not so easy. 

The value at 25 degrees was known but for 40 it ms necessary 

to plot values for IdCl solutions of varying concentrations 

and extrapolate to find the density of the saturated solution 

at this temperature. The densities of the solutions at the 

time of weighing were now obtained by interpolation between 

these points. 

The density of solid liCl ms taken as 2.068^ while for 

AgCl a correction of 0.000071 gm. per apparent gram (calcu¬ 

lated for an air density of .00118) ms applied. 

31 1. Baxter. A.Chem.J., 
1904 
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RESULTS 

The densities obtained are tabulated thus: 

Salt Temp. Wt. of soin. Volume Density 

UaCL 25.00 E9.0604 24.2586 1.1979 

29.4229 24.5637 1.1978 

Average 1.1979 

LiF 0.35 24.6897 84.6559 1.0014 

24.2792 24.2462 1.0014 

Average 1.0014 

ff 24.76 24.2189 24.2586 0.9984 

84.2204 • 24.2586 0.9984 

Average 0.9984 
ft 49.71 16.7269 16.9104 0.9892 

16.7302 16.9104 0.9893 

Average 0.9893 
tt 75.38 16;5316 16.9289 0.9765 

16.5278 16.9289 0.9763 

Average 0.9764 
»! 100.78 16.3201 16.9470 0.9630 

16.3187 16.9470 0.9629 

Average 0.9650 



Salt Temp. Wt. of soin. Volume Density 

Li Cl 100.78 12.0063 8.8887 1.3507 

11.9719 8.8887 1.3469 

Average 1.3488 

The : results of the solubility determinations follow: 

Salt Temp. Wt. of soin. Wt. of Salt gm./10?^ 
° soin. 

Li F 0.35 24.6897 0.0365 .148 

24.2792 0.0339 .140 

Average .144 

n 24.76 24.2189 0.0293 .121 

24.2204 0.0291 .120 

Average .121 

t! 49.71 16.7269 0.0239 .143 

16.7302 0.0241 . .144 

Average .144 

tf *5.38 16.5316 0.0274 .166 

16.5278 0.0281 .170 

Average .168 
ft 100.78 7.9183 0.0200 .253 

16.3187 0.0419 .257 

Average .255 



Salt Temp. V/t. of soin. V/t. of salt 
lOOgm. 

Gm/soln. 

liCl 100.78 11.9719 6.7393 56.29 

n n 3.7672 
Wt. of AgCJ. 

7.1110 55.84 

Average 56.07 

The values obtained for Ha .Cl at 25 degrees are compared 

below with those obtained by Berkeley-*- and Scott and Pra^ier . 

In the case of the other salts comparison is difficult 

because of the sparsity of data. In most cases none at 

all is available while in the others the existing data 

is very old or admittedly unreliable. For LiF only one 

value of Mylius and Funk3 for the density and solubility 

at 18 degrees could be found. Ho measurements of the 

density of saturated LiCl solution at 100 degrees have 

been made and the only solubility value is that calculated 

by Seidell4 from the data of Gerlach5. 

Salt Bata of Bensity Solubility 

Ha Cl 32. J.D. 
Berkeley 

1.1979 
1.1978 

25° S.& F. 1.1980 lOOga 
Gm/soln. 

Id F E.J.B. 0.9995 0.115 
18° M. & F. 1.003 0.27 

liCl E. J. D. 56.07 
100° S.&G. (1869) — 56.10 

X Trans. Roy. Soc. 203 .189 
T9Ô4 

2. J. Phys. Chem. 31 , 459 
vm 

3. Ber. 30(2) , 1718 
"istr 

4. Seidell- Solubilities of Inorg. and Org. Substances. 1911 

. Z* anal. Che”»lag9 . 281 5 



SUMMARY 

1. The following sal#s have teen obtained in a high 

degree of purity preliminary to determining the densities 

and concentrations of their saturated solutions in water: 

Sodium chloride,iodide and bromide; potassium iodide; 

lithium fluoride and chloride. 

2. A technique for determining the densities and sol¬ 

ubilities of saturated solutions over a range of temperature 

from £t to 100 degrees has been developed. As a prelim¬ 

inary chech the density of îîaCl at 25 degrees was determ¬ 

ined and agrees with the best previous values to better 

than one part in ten thousand. The method has proven 

very satisfactory for the less soluble salts but still 

leaves something to be desired in the case of the very 

soluble salts. 

3. a. The concentrations anddensities of saturated solutions 

of LiF have been determined for the first time from 0 to 

100 degrees. 

b. The density and solubility of liCl^has been determ¬ 

ined for the first time but with somewhat less precision 

than the measurements on LiF due to the extreme diffi- 

culties encountered, nevertheless close agreement with 

the available data is obtained. 



4. A preliminary discussion, of a possible theoretical 

relationship between èolubility and the volume of satur¬ 

ated solutions which led to the present experimental 

problem has been offered. However, before more conclusions 

can be drawn or critically examined an immense amount 

of systematic experimental work such as has been started 

here will be necessary. 

In conclusion I wish to take this opportunity of 

thanking Hr. Arthur P. Scott, under whom this investi¬ 

gation was carried out, for his constant interest and 

most valuable advice throughout the course of the work. 


