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1, 

INTRODUCTION 

I 

The first attempt at compressibility measurements of liquids was 

made in the time of Bacon, about X6S0, and led to the conclusion that 

liquids were incompressible. That liquids do undergo a change in volume 

under pressure was first established by th© measurements of John Canton1 

in 1768. Although the compressibilities of pure liquids have been the 

subject of numerous investigations, very little attention has been paid 

to this property with respect to solutions, especially strong electrolytes. 

Prior to the publication of the International Critical Tables in 

1923 measurements of various solutions were made by Rontgon & Schneider, 

Tait, Drucker, Schumann, Braun, Gilbault, Pohl, and Schmidt & Bruoker. 

Commenting on this material, 1. H* Adorns in the International Critical 

Tables writes, n The fragmentary nature of the recorded data makes it im¬ 

possible to reconcile conflicting values or to calculate true compress¬ 

ibility coefficients. This information is, therefore, given merely in 

the form of literature reference.” 

Since 1923 additional measurements have been made by Perman & Urry2 

L. H. Adams'* and 1. B» lanman4. 

1. Phil. Trans. 62 643 (1762) 
2. Ponaan & Urry; Proc* Roy. Lee. 136 44 (1930) 
3. L. H. Mams: A. C. S. J. 53 3769 (1931) 
4. 1. II. lanman, Bryn Mawr College; unpublished. 



For the sake of completeness of this survey the following summary 

of the solutions of strong electrolytes investigated by the above authors 

is given: 

Author Solutions Cone* 
Range 

Temp. Pressure 

Perman 
& Urry 

KCl,CaC! 0.15-3.5 
moler 

30 40 50 
60 70 60°0* 

0-100 200-300 
atms. 

Lanraan LiC 1, Had 
Ed 

0.5-2.0 
molar 

25°C. 100-300 meg. 

Adams Had O-O.SS wt« 
fraction 

25°C. 1-12,000 bars. 

In view of the scarcity of adequate and precise measurements it 

seemed desirable to malse a systematic study of the compressibilities of 

aquous solutions of strong electrolytes over a wide range of concentrations, 

between a unifora pressure interval and at constant temperature. 

This thesis is a first report on the above project; it gives com¬ 

pressibility measurements of solutions of KOI, KBr, and Id at 35 °0. for 

concentration intervals from 0 to almost saturation, for a pressure range 

of 100-300 megabarso 

n 

•Hie isothermal compressibility coefficient, which is designated 

by (3 la defined by the expression: 
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where V0 is the original volume, 2>v the change in volume, j& p the change 

volume undergone by a unit volume of a substance, at constant temperature, 

when the ©sternal pressure is increased one unit. - 

The coefficientQ , as actually determined, is more properly repre¬ 

sented by the equation: 

where AV is the volume change for the finite increase in pressure Ap. 

The volume terms are given in cubic centimeters. The pressure!, however, 

pressure unit is without doubt to be preferred because it rests upon the 

c. g. s* units* 

The procedure employed in making the determinations of this 

problem is the ''direct method** devised by T. W. Richards8. In his method 

%» Conversion factors to be found: Int. Grit. Tables 1 34 
(1923) ~ 

2. Pressure of a column of mercury 76 cm. high at 0°,45° 
Laittude, at sea level. 

3. Frequently, according to Cohen &, sehut, the atmosphere 
is given incorrectly in place of this unit. 

4* ICr dynes per square ca. 
5, Bibliography of papers by Richards is to be found in 

the following articles: 
J. Frank Inst. 198 25 (1924); A. C. S. I. 36 2438 (1914); 
ibid. 46 934 (1924). 

Ill 



the compression is measured by the use of a special glass piezometer 

shown full size* in plate X Fig® 1. This piezometer is filled with 

the solution and enough mercury to cover the bottom and to fill the 

lower portion of the side tube. The loaded piezometer is placed in 

the chamber of the congression cylinder and is subjected to pressure 

through the means of castor-oil which completely fills the chamber} 

the decrease in volume of the piezometer contents results in a lower¬ 

ing of the mercury in the side tube. It is by measuring the amount of 

mercury necessary to compensate for this lowering that the decrease 

in volume is actually determined. 

In practice and for this thesis work the level of the mercury 

in the side tube is so adjusted that at 300 megabars it is lowered to 

a point just within the capillary of the side tube. This level is 

recorded by a break in an electrical circuit (see Plate X Fig. 1, 

Plate II, Fig. X) established through a fine platinum wire dipping 

into the mercury and ending in a sharp point just within the capillary. 

If now enough mercury is removed so that the circuit is broken at a 

pressure of 100 megabars, the volume of the mercury removed will be 

equal to the decrease in volume of the piezometer contents for a 

difference of 200 megabars./ » 

I? 

The volume change actually found by the above procedure is 

the total sum of’the changes in the volume of the solution, the mercury 
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FIG. I 

FIG.-2 FIG. 3 

PLATE I 
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and the glace of the piezometer* In view of this fact, in order to 

get the change in volume of the solution alone, it is necessary to refer 

the above total change in volume to the total change in volume obtained 

when the piezometer is completely filled with mercury, both volume 

changes being determined for the identical pressure interval, fhe 

following discussion will clarify this calculations 

let V = total change in volume produced by a pressure change Ij-pg 
when the piezometer contains the solution and a small 
amount of mercury; 

and V1 =. total change in volume produced by the same pressure 
change Px-Pg when the Hezometer is completely filled 
with mercury; 

and AV = the change in volume of the individual substances* 

Then from what has already been said 

-y' = 

and 

v= 

subtracting 2 from 1 

y-y = 

• *••**9 

^ VHgp "^piez.."* ^ Tsolnl 

^^^W^^oln.* 

«(D 

. (2) 

.(S) 

If it is remembered that * V is the change in volume of 

the mercury when the piezometer is completely filled with mercury, and 

A. %» is the change in volume of the mercury when only the lower 
^2 

portion of the piezometer contains mercury, then the difference 

(AV - A V ) must be the change in volume undergone by a volume 
Hg, 

of mercury which is equal to the volume of the solution; in different 
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words, this means that if (1) is determined and then most of the 

mercury withdrawn and replaced by a solution for which (S) holds then 

< * v repreBenta thB otmpre3Blon of a T0l
“6 01 neMuary 

equal to this volume of solution* We can, therefore, designate 

t ** &%gs. 

Dividing (3) by T?x - pg and V0 then 

T0(PX- S2) 
rr 

(AT -AT ) 
' Hsi m 

Vpr ps> -+■ 

AY 
so In. 

▼oPr pa> 

- AY. 
Hgr 

AY 

W pg5 + 
soln. 

Vpr PE> 
# * • ♦ (4) 

where \/o == Original volume of solution 

= Highest pressure 

Pz =. Lowest pressure 

How, by definition 

— AY, 
Hg_ 

T0 (Pi - Ps) = Q' 

and for the same reason 

A V 
soln* 

To 1% - P3> 
= -<3 
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and so (4) becomes 

1/ —■v' 

sa> 

and rearranging 

<? = \(pr p2) -.Q' 
• ••«»»* (§) 

To make use. of equation (5) in calculating (3 we must know 

the values V O' v which, it will be recalled, are the volumes of mercury 

added to condensate for the volume change produced by the application 

of pressure* In practice the weight of this removed mercury is measured 

and the volume must be confuted in the usual way by dividing the weight 
\ ' ; 

by the density. However, it must he remembered that the mercury in 

question is also under pressure when Pi is determined a fact which must be 

taken into account* 

The volume of one gram of mercury under pressure is accordingly 

equal to & minus the change in volume produced by the pressure P^* 
djjg ; , 

This latter term is by definition equal to * Q Fl * Hence, 

the volume ~V corresponding to w grass of mercury removed when the 

piezometer contains the solution is: 
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tff <1 - 5 Pi) 

and, similarly where the volume V' corresponding to t?' grams of mercury 

removed whan the piezometer is congjletely filled with mercury is; 

-y d - a = -1p-U-(5P1) 
ng HE Hg 

where the remainder of the terms have the same meaning as before* 

Substituting these values in equation (5), we gets 

Q = 
<*>.»') U-Q'Pj.) 

% Vh- ps) 

and finally 

$ = 

• w1) B , 
   —— + ft 
*PV-V K • (6) 

where D = Density of the solution 

w = Weight of the solution 

For the ecm^resslbility of mercury we are dependent on the 

values due to Amagat, Hiehards and Bridgman1* 

1. Int. Grit* Tables; 3 47 (1928) 
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PROCEDURE 

I ' 

Before it is possible to properly describe the actual process 

of making a determination, consideration must bo given to the pressure 

system. A more detailed description of this system will be reserved 

for the discussion on the construction of the apparatus, The system 

consists of two steel cylinders, shown in plates II and III. One is 

kept at constant temperature in the thermostat and contains the 

piezometers the other contains the dead weight pressure gauge. The 

piston of this guage supports a platform on which weights are placed to 

measure the pressure of the system. 

II 

With the foregoing discussions as a background it is possible 

to describe the procedure of a single measurement. 

The piezometer was thoroughly cleaned and dried and filled with 

about 3 c.e. of very pure mercury and weighed. Prior to weighing, the 

outer surface of the piezometer was cleaned with very dilute ammonia and 

wiped with a damp cloth, to assure like conditions for each weighing 

thereafter. After this weighing.the piezometer was filled, almost to 

the top, with a solution, for instance a potassium iodide solution, by 

means of a long stemmed funnel (Plate II, £ig. 3). The final filling 

adjustment was made by adding a few drops of mercury (this extra mercury 



✓•Cu Wire 
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WITH PISTON 

PLATE 2 
FIG. 2 
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was weighed with the first weighing of the piezometer) through the side 

tube* This forced the solution right up to where the stop-cock fits, 

and excludes the last bit of air* The stop-cock with a minimum amount 

of stop-cock grease was put in place and turned until the stop-cock was 

"set", and no further turning was possible* The piezometer, whose outer 

surface was again cleaned and wiped as before, was weighed with the solu¬ 

tion* The difference between this and the first weight gives the weight 

of the solution* 

The mercury in the side tube was adjusted so that the electric 

circuit was broken at 800 megabars pressure* This adjustment often 

had to be attained by trial and error* Having made the adjustment the 

side tube was filled with clean water in order to prevent the oil from 

coming in contact with the mercury surface* It was found absolutely 

necessary that the mercury at the point of contact with the platinum 

wire must be kept clean and the platinum wire also must be sharp, clean 

and directly In the center of the capillary so that it strikes the 

mercury meniscus in the center. The cup of the piezometer was filled 

with mercury and the whole then placed in the compression chamber* 

(Plate IX,Pig* 1) • The bottom of the chamber contained enough mercury 

to surround three-quarters of the piezometer when the piezometer was in 

place* This mercury served to make the electric connection of the mercury 

in the piezometer with the cylinder* It also served to conduct away 

the heat of compression of the solution* Care was taken that the electric 
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circuit was properly established. The piezometer was buoyed up by the 

mercury in the chamber, but the wire that leads down into the mercury 

cup from the cap of the cylinder (see diagram) was of sufficient strength 

to push the piezometer down when the cylinder cap was put in place. 

i"ith the piezometer in place and with all joints tight, pressure 

was applied gradually by action of the pump and was balanced by adding 

weight to the platform. It was soon found essential to maintain the 

platinum-mercury contact in the piezometer at all times during this 

operation, because if the contact was once broken, there would be danger 

of inadvertently applying too roach pressure and forcing water from the 

side tube over into the solution. for this reason pressure Was always 

applied gradually and, when the "break0 point was reached, weights were 

immediately removed to keep the circuit closed. ha soon as this 

maximum pressure was attained the high pressure valve in the pressure 

line was closed to prevent leakage back into the pump. 

Fifteen minutes was allowed to elapse for the dissipation of 

the heat developed by compression, before the final weight adjustment 

was made. This adjustment Was sensitive to about twenty grams. If 

the above time interval was the same for every point of a determina¬ 

tion an error due to the hysteresis^ of glass was avoided. In connec¬ 

tion with the dissipation of the heat developed upon compression, it 

may be mentioned that the cooling can be enough in same cases to cause 

contraction of the mercury to the point where water from the side tube 

can enter the solution. This fact was discovered in an early ex- 

1. Richards and Shipley, &.C.S.J. 38 995 (1916) 
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peri merit and the precaution of Pitching the galvanometer was taken in 

all subsequent measurements* 

The point of making the platinum-mercury contact was token as 

the proper point rather than when the contact was broken. This choice 

eliminated the danger of mercury adhering to the platinum point. It was 

found neeessary to wet the surface of the capillary just below the 

\ 
platinum point before a reading was ■made* To do this enough pressure 

was applied to force the mercury column far enough below the platinum 

point to let the water wet the desired surface. 

Having recorded the weights on the pressure guage when the 

circuit was just made the piezometer was removed from the cylinder and 

the film of oil, on the surface of the water in the side tube, was re¬ 

moved with some ether and then all of the water was removed. This 

operation prevented the dragging down of any oil to the surface of the 

mercury, a condition difficult to avoid even though most of it was 

•washed away with ether. 

If oil did get on the surface by crawling down the aide of the 

g 
tube it was removed with alcohol. An amount of mercury was now removed 

from the side tube by means of a long capillary pipette like the one 

shown in Plate I* Mg. 4. The amount of mercury withdrawn was such 

that the neat pros cure point would correspond to 100 megabars. The 

mercury withdrawn was placed in a capsule and the adhering water re- 

1. Cohen & 3chuts "Piezochemi©” Akademiahe Verlagsgesellschaft 

m. b. H. Leipzig 1919,Page 28. 
2. Richards and Saerens: S. 0. S. J. 46 936 (1924) 
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moved with a piece of filter paper. The weight of this mercury was 

then found. 

7/hen the low pressure was determined with the sane care as the 

first, the amount of mercury removed was again replaced and the circuit 

making point redetermined. This point of course should agree with the 

first high pressure point. 

In concluding this detailed description of the procedure the 

reasons for getting the high pressure point first nay be indicated. The 

chief reason was that the high pressure insured the maximum setting of 

the stop-cock* Further, this choice permitted an easy check of the high 

pressure point, as described above. Finally, it may be noted that the 

use of 100 megabars for the law pressure point practically eliminated any 

error which may have been caused by dissolved air. 

Ill 

The following is a sample calculation of the compressibility 

coefficient of a potassium iodide solution, based upon the above procedure. 

Wt. Hg. 4- Soln. 4- Piez. MS.383 ga. 

Wt. Hg. +• Piez. • 109 809 

ift» Sola, in air 33.576 

Vacuum Correction > *031 

Wt. Soln in Vacuum 33.607 

Density of KX soln. at 35° 1.0870 



Weights required to break circuit; 

(1) Px Weights 91,412 gms» 

fit. platform, etc. 6,230 

fatal Wt. 97,642 gm. 

{2} Pg freights 25,630 gm. 

It. platform, etc. 6,230 

■, Total Wt» 32,060©a. 

(3) p Total Wt. 97,422 

Average (1) and (3) 97,532 

The factor for converting grams pressure over to magabars is 

calculated as follows; 

Acceleration of gravity X one gm. 

effective area of piston X dynes per megabar 

1 X 979.272 

—  ——- — — 0.0030974 megabars for one gram 
0.31616 X 108 

Acceleration of gravity at Galveston* 

Dianeterof piston1 2 

Effective area of piston 

979.272 

0.2948 in. 

0.31616 cm? 

1. int. Grit. Tables 
2. Richards and Shipley; A.C.S.J. 38 991 (1916) 
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Hence 

Average & Pgr: 97,532 pi 0.0050974= 502.100 megabars 

Pg = 32,060 gm X 0.0030974 = 99.302 megabars 

P1 “ P2= 202.80 

There are two methods, tp resort to in calculating the amount of 

mercury removed corresponding to a 200 megabar range, between 100 and 

300. . One is to determine the amount of mercury removed for a number of 

points between 100 and 300 megabars pressure and plotting weight of 

mercury against pressure, drawing a curve through:theseJpdints and from 

the curve determine the amount of mercury corresponding to the 200 mega¬ 

bar difference for the pressure points 100-300. But in this work the 

other method was resorted to in which the mercury was adjusted so that 

the pressures required were very near 300 and 100. The mercury re¬ 

moved for the determined range between Pp and Pg was converted over to 

correspond exactly to a 200 megabar difference. This was done as 

follows: 

„ 200 X wt. Hg removed 200 X 3.1897 
w = — —  =   •= 3.1456 

Px - P2 202.80 

and now by equation (6),,page 9, 

+ 4 X 10-6= 40.10 X 10-6 

\ 13.525 X 200 X 52.60? 13.525 X 200 X 52.60? 



density1 of Hg at 35° = 13.509 

(1 - (B1 Pi) _ 1 
13.809 “ 13.525 

vJ — 0.1481J having been determined in the same way as w 

Q1 = 4 X !0~6)2 

1. Int. cnt. Tables fi 458 (1927) 
2. IMd. £ 47 (1920) 
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APPARATUS 

?aiereas this work is the beginning of a series of determinations 

to be made, the whole of the apparatus had to be collected, built and 

assembled before any determination could be made# A great deal of time 

had to be devoted to this part and the following is a discussion of this 

phase of the experiment: 

The cylinders used in this work and Whose functions hare 
crniismis 

been explained were obtained from Mss Lanman at Bryn Mawr 

College* They were originally designed and used by T* W* Richards at 

Harvard in hie research on compressibility of solids and pure liquids. 

The cylinders are made of tool steel* For size et cetera, reference is 

made to the scale drawings of Plate IX* The absolute pressure guage 

(cylinder, Fig. 2) resembles in principle that of Bridgman and Amagat. 

The piston and steel attachment was borrowed from Harvard and are parts 

of the above cylinders obtained from Bryn Mawr* This piston is made 

of ketos steel and is very closely fitted into an even hole in the steel 

attachment to be screwed upon the cylinder. The projecting upper end of 

the piston is conical and fits into a conical bearing of the horizontal 

cross bar mentioned earlier, and which supports the weight platform* 

The pressure guage cylinder is mounted on a specially built and 

rather high table and the weight platform is suspended below the table 

top on chains connected to the cross bar on the piston (see Plate III}* 

This platform is made of a single piece of soft pine 1-1/4" x 16" x 19" and 

is strengthened across the grain by two angle irons at the ends* 
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The weights used are solid iron cylinders of 10 kilogram weight, 

also a couple of 5 kilogram weights. A number of one kilogram weights 

and smaller weights down to 10 grams consists the set. The large weights 

were calibrated against a one kilogram weight of an analytical weight set. 

The thermostat used was one built here at Riee by Dr. 2. j, 
THERMOSTAT ' 

Durham1. It had internal dimensions of l£” % 16” s 24". The 

internal mechanism was rearranged for this problem and the stirring 

apparatus rebuilt (see thermostat Plate III). Two stirrers each con¬ 

taining two double propellers were so arranged to obtain the most effi¬ 

cient stirring. A thermometer placed at various points of the bath 

shotted only a few .001° variation in temperature. The sain stirring 

shaft was also the drive shaft for the oscillator, as wen as the auxil¬ 

iary stirrer. Old bicycle hubs were used as bearings. The drive shaft 

was driven by a 1/6 H.P. motor. As it was desirable to have a horizon¬ 

tal pully arrangement, the motor had to be on a special mounting with 

its shaft downward. This necessitated a thrust bearing. The difficulty 

here was overcome by resting the end of the shaf t on a ball bearing 

held in a shallow cup drilled in a brass block and alligned with the 

shaft of the motor. A small conical hole in the end of the motor shaft 

held the bearing in the correct position. 

The temperature of the bath was controlled by a mercury-toluene 

regulator connected with a relay. The heater connected in the relay 

circuit was a 250 watt knife heater. 

i« Scott and Durham: j.Phys.Chem: 54 531 (1920) 
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The temperature of the bath was set exactly at 85° by the use 

of a—10 «* 100° thermometer (#366145) made by the Central scientific 

Company. It was graduated to 0.1 but could be read to 0.01 by means 

of a glass. This thermometer was calibrated against tha U. S. B. 8® 

thermometer #48245, to 0.01 degree, at regular temperature intervals. 

The usual corrections were made® A Beekmon thermometer set to the bath 

temperature served as a check on the temperature at all times. 

water was used aB the heating medium and caused rusting of the 

steel pressure cylinder. This difficulty was remedied by "hot-dip" 

galvanising the cylinder. As sink in contact with the copper lining 

of the thermostat established a Cu-2n cell, the cylinder was set on a 

rubber base to prevent oxidising the sink. 

In order that the piston might not stick during 
OSOIUATIKO SYSTEM 

the high pressure measurements it was oscillated* 

This was done as follows: To the projecting portion of the piston was 

claimed horizontally a brass bar about 8” long. This bar contained a 

slit into which fitted a small vertical rod mounted on an arm rotating 

horisontially (see Plate 111)® AS the arm rotated the rod moved along 

the slit thereby oscillating the piston* As the arm was rotated by 

the motor running the stirrers the speed had to be reduced considerably 

by the use of a series of pulleys® In this way the speed was reduced 

to obtain twenty-six oscillations per minute® 

The galvanometer used was an old upright type but was 
0ALTAE01STKB ' 

sensitive enough for the purpose. 
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The high pressure hydraulic puna used was made by 
PRESSURE PUMP- 

A* L. Henderer’s Sons, atid was capable of building 

up 8,000 lbs. pressure# Difficulty was experienced with this pump in 

that the check valve did not hold well enough for the purpose of the 

experiment* Recourse was taken to the use of a special high pressure 

two way cheek valve. This added greatly to the efficiency in keeping 

the pressure constant* The pun?) contained a guage, but it was only 

used for approximation* 

The tubing connecting the pump to the cylinders was i/d'* copper 

tubing of small internal diameter. Lead washers were first tried In 

making the tube connections leak proof, but it was soon learned that 

they flattened out and eventually closed up the tube, so the lead washers 

were replaced with copper washers which gave no trouble whatsoever* 

These flasks were 100 c. c* volumetric flasks with 
DENSITY PUSES 

the necks constricted at the point of graduation to 

0.5 ci?. (see Plate I, Fig. 2). Three of such flasks were made and 

calibrated to 0*001 e. c. at 35° • This was done by filling the flasks 

with distilled water and placing them in the thermostat, and setting the 

meniscus after the water had come to the temperature of the thermostat. 

The content of each flask was weighed^and corrected to vacuum in the 

usual way. 

A tube of suitable size was drawn out so that it 

CAPILLARY PIPETTE 

would easily go down into the side tube of the 

piezometer, and long enough to reach the mercury* This capillary was 

1* Landolt -Bornstein, "Tabollen** 1923 p 74 
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sealed to a small stop-cook containing a bulb arrangement at the top, 

as a means of safety against drawing mercury into the mouth» it also 

served as an estra volume capacity. The capillary is shown in Plate I, 

Fig, 4» The stem was calibrated so that a desired amount of mercury 

could be removed without too many manipulations. 
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wramcATioH OF mrnaxtB 

Ordinary distilled water was redistilled twice, first from 

WATER. 
an alkaline-permanganate solution and then from a solution 

acidified with sulpuric acid. 

Bakers o* p. potassium bromide was dissolved in 

POTASSIUM BROMIDE , 
distilled water, filtered and carefully erystalized. 

The mother liquor was drained from the crystals by centrifuging through 

the use of two Buchner funnels fitted to a high speed International 

centrifuge. The resulting salt was dried for twenty-four hours in on 

electric oven and then for two hours at 250° in an electric air bath, after 

which it was ground fine in an agate mortar and finally heated again for 

two hours at 230° in the air bath. A third heating was performed just 

before weighing the salt for use. 

The procedure for the purification and drying of 

POTASSIUM’IODIDE • 
potassium iodide was practically the same as for ■ 

potassium bromide. The crystallisation was carried out at a lower 

temperature. The final dried salt showed no coloration due to free 

iodine. 

Baker*s G. P. potassium chloride was dissolved in 

POTASSIUM GHIOHIBS 
distilled water and precipitated by running in 

hydrogen chloride gas* The salt was drained and dried like the potassium 

bromide 
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MEBOUBY 

filtered 

Twice distilled mercury was used* After being used one© 

in the piezometer it was washed with alcohol and pur© water 

and. dried to be used again* 



PREPARATION GF SQXOTIOB8 

la the preparation of the solutions the process was the same for 

all salts used* This process was similar to that used by Barter and' 

Wallace1, it consisted chiefly in determining the molarity and density 

by weighing an amount of salt, transferring to a calibrated flask and 

diluting to the graduation mark, and weighing the resulting solution. 

The required amount of salt after being dried for a third time 

for two hours at 250° was weighed to 0,1 mg. in a platinum crucible, 

and transferred to a weighed flask and dissolved in the best distilled 

water. This water was boiled just before use to expel as much of the 

air dissolved in it as possible, and was kept warm in effecting the solu¬ 

tion of the salt to aid as much-as possible in getting rid of the 

occluded air in the salt. Further attempts to avoid having air in the 

solution were by constant shaking while dissolving the salt. If this 

air was not eliminated, then during the setting of the meniscus at the 

temperature of tho bath, the air would be adsorbed on the side of the 

flask and would be very difficult to drive off. The presence of this 

air would seriously affect the precision of the desired values of the 

molarity and density of the solution* If the air bubbles are formed 

they can to a certain extent be eliminated by tapping the aide - of the 

flask sharply with a glass rod. 

X. Baxter and Wallaces A.C.S.J. 38 70 (1916) 



The density and concentration was determined for the same 

temperature as the compressibility measurements and hence the meniscus 

of the solution was set at the temperature of the thermostat. This was 

done in the Usual manner* by filling the flask slightly above the gradua¬ 

tion and then evaporating the solution by drawing dry air across the 

ourfao© until the meniscus reaches the graduation mark. The flask was 

kept stoppered afterthe meniscus was set* 

In weighing, a counterpoise was used, and vacuum corrections 

applied. Before each weighing the outside of the flask was cleaned with 

very dilute ammonia and after having been wiped with a damp cloth to avoid 

creating electric charges, the flask was left in the balance case for one- 

half hour before being weighed. The empty flask was treated in a similar 

manner. 

1. Baxter and Wallace: A-.C.S.J. 38 76 (1916) 
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RESULTS 

The following aro tables of values obtained from all measurements 

made in connection with the compressibilities. 

<v.t this point it might be added that the concentration used were 

as much as possible in agreement with those used by Baxter and Wallace1. 

Table I 

Volume of flasks at 35° 

flask Ho. Vacuum Weight of Water Volume 

I XI Mean 

34- 98.9168 98.9197 98.9193 99.511 

68 97.7G70 97.6908 97.7034 98.287 

11 98.8S83 98.8601 98.8592 99.450 

Table II 

Data Bearing on Solutions; at 35° 

salt Wt. of 
Salt 

Wt. of 
Sain 

wt. of 
Water 

Density 
of SoIn. 

Molarity 

KCl 12.2357 105.021 92.785 1.0685 1.6697 

5.0488 101.890 96.841 1.0246 0.6809 

KBr 54.3883 155.774 61.565 1.5653 4.5951 

41.410o 127.119 85.708 1.2782 3.4988 

I. Baxters' Wallace: 38 80 (1916) A.C.S.J. 



Table II (continued) 

Salt wt. of 
Salt 

wt» of 
So In 

It. of 
Water - 

liens ity Molarity 

KBr 87.0097 117.509 90.499 1.1809 2.2806 

11.0141 105.373 94.359 1.0721 0.94353 

5.4369 102.728 97.291 1.0323 0.4591 

KI 97.428? 167.224 69.795 1.6835. 5.9005 

45 * 8894, .t 'r 131.426 85.55? 1.3208 2.7700 

18.163? 110.650 92.486 1.1258 1.1131 

11.9150 105*641 93.726 1.0623 0.5732 

4.4509 100.889 86.438 1*0265 0.2728 

Table III 

Compressibility Coefficients at 35° for a 100-300 Megabar Range 

Salt Molarity Compressibility X 10“s 

I II Mean 

KOI 0.6809 39.04 39.02 39.05 

1.6697 

KBr 4.5951 29.54 29.55 29.535 

.3.49Ser . 

2*2806 84.66 34.75 34.69 

0.94353 38.52 38.60 38.56 

0*4591 
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Table HI (continued) 

Salt Molarity Compressibility X 1G**6 

I II Mean 

KI 5.9003 27.39 27.92 27.76 

2.7700 34.36 34.16 34.28 

1.1X31 38.72 
/ 

38.56 38.54 

0.5732 
"1 

40. lb 40.12 40.11 

0.2728 40.85 40.93 40.88 

Water 41.44 41.74 41.59 

Discussion of Results 

As the data so far obtained covers only a few salt solutions a 

complete disoussion is hardly possible. Some assurance can be had though 

from the fact that duplicate determinations gave concordant results, and 

that when the compressibility coefficients were plotted against concen¬ 

trations a}.! points lay on a smooth curve of only a slight curvature. It 

\?as further noticed that the compressibility decreases with concentration 

which is in agreement with 'measurements made in the past. Unfortunately 

the data cannot be compared further with existing values because of the 

wide differences in temperature and pressure range. 
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suimmr 

The content of this thesis may be briefly summarised as 

follows: 

1. The Richards method for determining compressibility coefficient 

is described. 

2* The construction and operation of the apparatus for measuring 

the compressibility coefficients by the above method is discussed. 

3. The compressibility coefficients of the following salt solutions 

were determined at a temperature of 35° between the pressures 100-300 

megabars: potassium chloride, potassium bromide, and potassium iodide. 

The compressibility coefficient of water was also determined. 
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