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IUTRŒDUCTI01T 

The problem of the nature of the solution state 

is one that has been attacked from many different an¬ 

gles, but the study of one important physical property 

--the compressibility--has been sadly neglected. The 

relatively few measurements that have been made of thi 

property were undertaken with some limited objective 

in view and are not only quite fragmentary but also 

represent wide variations in method and conditions 

(temperature and pressure range). An illustration of 

this state of affairs may be cited from the work of 

recent investigators: Breyer haa etcrmincd by a 

sonic interferometer method the CJJ pressibility of 

certain solutions at atmosiheric pressure while Adams 

using a differential method has studied the lïaCl-HpO 

system and the K0SO4-HP.O system under pressures from 

1-12,000 metric atmospheres. Because of this confused 

condition it is out of the question to attempt any 

correlation of the existing compressibility data with 

other properties of solutions. 

The first requirement, therefore, for a study of 

the compressibility of solutions is the collection of 

precise and systematic measurements. Such a program 

was started last year in this laboratory and this 

thesis is a report of the measurements made on solu- 



tions of LiCl, ITaCl, ITaBr and LiBr solutions. Since 

there are.reasonable grounds for expecting a connection 

between the compressibility and volume of salts in solu¬ 

tion, the salts used in this work were carefully puri¬ 

fied and the composition and density of the solutions 

accurately determined. 
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II. 

Tiie usual definition of tlie isothermal compressi¬ 

bility | of a substance is given by the equation 

(3 = ' -v* (fpJr ^ 

Tdiere V is the volume of the substance and (^f)r‘the 

volume pressure coefficient vrhen temperature is held 

constant. The compressibility coefficient actually 

determined in this work can be better defined by the 

equation 

Here is the volume of the substance at atmospheric 

pressure AV the increase in volume which results 

from an increase in pressure 4P . 

TChile the compressibility coefficient is indepen¬ 

dent of the unit of volume, everyone has used the cubic 

centimeter; but the compressibility obviously depends 

on the unit of pressure and there have been three units 

in general use: 

1. The atmosphere,i.e., the pressure of a column 

of mercury 73 cm. long at 0°C. and 45° lati¬ 

tude at sea level. 

2. The kilogram per square centimeter. 

3. The absolute unit^ the megabar^ equals 10ô dynes 

per square centimeter. 



Considerable confusion has resulted ^however,, in the 

nomenclature of the various pressure units. Often in 

the literature the term "atmosphere" is used -where 

Kg./cm.^ is meant and Adams* recently proposed the 

change in the name of the absolute unit from Richard’s 

"megabar" to "bar" or "metric atmospheres". In this 

thesis however the term megabar will be used to denote 

6 p 
a pressure of 10 dynes per cm. . 
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III. 

"The determination of compressibility is some¬ 

times considered as one of the moot difficult of 

physical processes.M This sentence is quoted from 

an early paper by T.W. Richards^ Richards however 

did much to .make the precise determination of the 

compressibility of liquids much easier. In fact it 

was by a method devised by him that the compressibility 

measurements recorded in this thesis were made. Brief¬ 

ly the method can be described as follows: 

» 

r SlCt 
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The piezometer was filled with mercury and the 

amount of mercury in the side tube adjusted so that, 

when the piezometer was placed in the compression 

chamber and the pressure brought to 300 megabars, this 

mercury in the side tube was lowered until the elec¬ 

trical circuit thru the mercury in the capillary was 

just broken. Then an amount of mercury to, was removed 

from the side tube so that the electrical contact was 

then broken at 100 megabars pressure. A known amount 

of solution was substituted for the mercury in the 

piezometer leaving about 3 cc. of mercury in the bot¬ 

tom of the vessel, and the above procedure was repeated. 

This time the amount of mercury (j)x would be removed. 

60, » then, gives a measure of the difference in 

the compression of the solution and of the same volume 

of mercury. The compression divided by the pressure 

differences gives of course the compressibility. 

Actually, since in the course of an experiment it 

would require a great deal of tine and patience to ad¬ 

just the amount of mercury in the side tube so that 

the pressure will be exactly 300 and 100 megabars, the 

mercury is not so adjusted but it was made such that 

the pressures were near those values and the exact 

amount of mercury which would be removed the 300-100 

range was taken as 200, 

r*-r, to, 



From these data the compressibility coefficient 

of the solution can he calculated by means of the fol¬ 

lowing formula, a derivation of which is given by 

Obenhaus3. 

(3 
(LdiZoO ,,•> ) J 

dZoo • 

where £0*. = weight of mercury removed from capillary 

il)t = weight of mercury removed from capillary, 

for a 300-100 megabar pressure range 

when the piezometer was filled with Hg, 

ŸL =pressure required to break contact 

originally(about 300 megabars) 

Ÿ, ^pressure required to break contact 

after IA gm. of Hg was removed. 
. ^ 

d^zz density of mercury at 300 megabars 

15.525 gm./cc. 

cf}-density of the solution grams per 

cubic centimeter 

\AJ =vacuum weight in grams of the solution 

in the piezometer 

compressibility coefficient of mer¬ 

cury 4.00 x 10"6 

then Ç) ^compressibility coefficient of the 

solution over the 100-300 megabar 
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megabar range expressed as c.c. per mega¬ 

bar per c.c. of solution. 



APPARATUS 

The apparatus used in making the measurements 

described in this thesis was assembled and has been 

adequately described and illustrated by my predecessor, 

Ur, V. U. Obenhaus* However, since several improve¬ 

ments were made they may be listed here in order to 

bring the description up to date, 

1. The table on which the pressure gauge system 

rests was leveled and set so that there was no unneces¬ 

sary friction between the weight supports and the table 

Also a removable support which eliminated a great deal 

of the handling of the ten kg, weights which otherwise 

should be removed from the platform when the system 

was not under pressure, 

2. The heating system of the thermostat was re¬ 

modeled. A knife type electric heater in series with 

a rheostat was placed to heat the bath and the rheo¬ 

stat adjusted so that not quite sufficient heat was 

supplied by this heater to keep the bath at the desired 

temperature(35°), A second smaller heater in series 

with the relay-regulator system, intermittently sup¬ 

plied the small amount of heat which was necessary to 

keep the temperature at 35°. This set-up having a 

rather large constant source of heat and a small inter¬ 

mittent supply uômed greatly to the efficiency of the 
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of tlie mercury-toluene regulator. The temperature of 

the bath was kept constant to within 0.003°. 

3. Capillary pipettes of various sizes and simi¬ 

lar to the one described by Obenhaus except that the 

bulb was below the stopcock were used. The advantage 

of having the bulb in this position was that it elim¬ 

inated the possibility of the mercury coming into con¬ 

tact with the stopcock grease. These pipettes, when 

used in transferring mercury, were kept filled with 

water to above the stopcock. This water prevented 

the mercury from being drawn up by the decreased 

pressure inside the bulb and from spilling when the 

pressure was thus released. 



Procedure 

«dien tlie measurements reported in Ibis Uresis 

were atarteu, tlie apparatus Lad already Lean ^el up 

and a method ol‘ pioeedure described, lut d,« the work 

adYcUiceu certain change» in tue proceaure were devel¬ 

oped vrai oil were consiuerel to le couuucive to greater 

precision. These improve enta in technique are e**- 

Lodied leluw in lue detailed description uP tlie pro¬ 

cedure used in the later experiments. Along with 

each step of the experiment such comments and ex¬ 

planations are given as are deemed advise ole. It 

will be assumed that the thermostat is properly ad¬ 

justed and that at the outset the piezometer is in 

the condition in which one would find it immediately 

after a compressibility run. 
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Steps Explanations and comments. 

1. Before tlie contents of 
the piezometer were 
poured into the receiv¬ 
ing bottle for the re¬ 
covered solution, the 
piezometer was thor¬ 
oughly vrashed with soap 
and water, then rinsed 
with distilled water. 

2. The inner chamber of 
the piezometer was rinsed 
two or three times with 
distilled \ater. 

3. The piezometer was then 
placed in a glass tube 
(about 1^" x 6") and it 
and the tube filled with 
acid-chromate cleaning 
solution. This arrange¬ 
ment was heated in a 
waiter bath at about 90° 
for an hour or left 
standing on a hot plate 
over night. 

4. The piezometer was re¬ 
moved from the cleaning 
solution bath, emptied, 
and rinsed several times 
with distilled water, then 
dried on a steam hot plate 
by drawing filtered air 
thru it. 

5. llext the stopcock was lub¬ 
ricated with a ninimim 

1. As it was often desir¬ 
able to recover the 
solution in as pure 
a condition as possi¬ 
ble, this operation 
was necessary to pre¬ 
vent contamination 
with oil or other 
materials as the sol¬ 
ution was poured out. 

2. This removed salts 
like LiBr which other¬ 
wise would be decom¬ 
posed by the cleaning 
solution liberating 
undesirable gases. 

3. It is necessary to re¬ 
move all castor oil 
and other foreign 
matter from the piez¬ 
ometer, because if oil 
or dust is present, it 
will collect on the sur¬ 
face of the mercury and 
often cause poor contact 
or breakage of the mer¬ 
cury column in the cap¬ 
illary, Ht some point 
later in the experiment 
where that would be dis¬ 
astrous to the détermina¬ 
tion , I found this cn ex¬ 
cellent way to get rid of 
organic matter. 

4. It was found convenient to 
put corks in the other 
opening, then drevr air 
thru the piezometer going 
in thru the side tube in 
the end of which was a 
plug of cotton. 
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amount of stopcock grec se. 

6. Tlie outer surfe ce of tlie 
piezometer vas wiped, with, 
a cloth danpened «âtli di¬ 
lute annonia followed hj 
a clean dry cloth, and the 
instrument suspended on 
balance arm for ZO minutes. 

7. before the weight of the 
piezometer was obtained, 
however, about o cc. of 
very pure mercury was 
placed in it thru the side 
tube. 

8. The piezometer was filled 
comxletely with the solu¬ 
tion whose compressibility 
was to be determined; the 
final adjustment to exclude 
air being made by tilting 
the piezometer before re¬ 
placing tlie stopcock. 

0. Stei ô was repeated. 

10. The piezometer was removed 
from the balance, the side 
tube filled with water and 
using a capillary pipette 
the mercury was token out 
of the side tube. The 
solution was then cooled 
(usually by spraying ether 
on the surface of the piez¬ 
ometer) . until the mercury 

6. This step renders the 
surface of the piez¬ 
ometer reproducible 
for weighings and al¬ 
lows time for tl is 
surfo.ee to come to 
equilibrium with its 
surrounding dispelling 
electric charges. 

7. The mercury used here 
must be very pure and 
free from surface con¬ 
tamination. It is used 
to confine the solution 
and to furnish elec- 
trica.1 contact thru 
the capilla.ry. 

Q. I found the tilting op¬ 
eration to exclude the 
final bit of air more 
efficient and more con¬ 
venient thin Obenhnus* 
metliod of dropping mer¬ 
cury into the side tube. 

9. by repeating the wiping 
operations, the surface 
of the glass was made 
similar to its state 
during the previous 
weighing, and the dif¬ 
ference in weights could 
be taken as the weight 
of the solution. 

10. I wetted the surface of 
the glass with water to 
prevent the mercury from 
adhering to it. This ren¬ 
dered the surface of the 
mercury more uniform, 
thereby preventing to 
some extent much of the 
trouble which otherwise 
would arise later from 



vas dravn into tlie cap¬ 
illary allowing one-lmlf 
of the copillary to be 
vetted by water. 

11. The piezometer vas im¬ 
mersed in the thermostat 
(55°). The thermal ex¬ 
pansion of the solution 
caused the capilla.ry 
and tne side tube (to a 
small extent) to be filled 
with mercury. 

12. At this point enou h mer¬ 
cury was added to that al¬ 
ready in thg side tube so 
that in the subsequent 
step (14) about 50J neya- 
bars pressure will be re¬ 
quired to force all this 
mercury into the capillary 
breaking the electrical 
circuit thru it. 

lu. The side tube was filled 
with water and the cup 
half filled with mercury. 

14. The piezometer was then 
placed in the compression 
cylinder and electrical 
circuit established. The 
pressure vos slowly ap¬ 
plied by action of the 
pump), and balanced by 
weights on tlio platform. 
The pi es sure was slorly 
increased until the elec¬ 
trical contc.ct in tlie 
capvllary was just broken. 

15. After the system hod been 
been under pressure for 
15 minutes, the final 

tlie non-unifornity of the 
surface. Care was always 
taken r ot to cool the piez¬ 
ometer until all the mer¬ 
cury wes drawn into the 
solution chamber because 
of the donner of diluting 
the solution. 

12.Usually it was necessary to 
made one adjustment of the 
mercury o.fter the solution 
was put under pressure. 

15.The water prevents the oil 
from cornin'1; in contact with 
the mercury in the side tube. 

14. The pressure was slowly 
increased, for experience 
taujht that a sudden change 
in pressure often led to a 
discontinuity of the mercury 
in the capillary. Extreme 
ca-ution was taken such that 
not at any time was the 
pressure raised more than 
enouph to break the circuit. 

15. Fifteen minutes were allowed 
in all cases for the heat of 
coït pression to be dissipated 
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ressure adjustment ^ao 
nude, the point at ’-hich 
contact v;as just mode 
vac tamen as tlie correct 
pressure. 

16. The pressure on tiie com¬ 
pression chamber vas re¬ 
leased and tlie piezometer 
taken out, tlie oil \ aslied 
from tlie side tube uitn 
ether, alcohol and vater. 

17. 7/ith a caxullery pipette 
;u amount of mercury m-'" 
""moved s i th^t til*3 pres¬ 
sure renuired to brc-’lc 
tlie circuit mould he about 
IJJ r ysbrrs. 

10. The side tube TPS s^^iri 
filled «itli uater, the 
piezoncter plnced in the 
conxiression chamber ^nd 
the second pressure poii t 
de term led ii the na ner 
ueoorii ed iu ^tepj 14 
a id lb. ihe fuudame tal 
différés'*e 1 si u t*i o the 

i'6oijure i equi e 1 \mo 
clout 1UO ae0alui . 

ly. otep 13 xepeated. 

‘dO,, The rrorcur., whimh i "o- 
oved fiom the eapillar., 

ive.bj L/xc.nK> cried oo a ^jlaos 
ou,pbUle, ilicu. with ^li¬ 
ter x-uper, a ’ wex^ued. 

1. This merour., ^ trs 0- 
ferred lu”1 l" TV ox- 
tiho: ih r-'in j* ti on 
by nu'r- tl „ capillciv 
pipett nd il n 1 ut drop 

"nd for tie system to come 
to equilibrium. This elim¬ 
inated the effects due to 
hysteresis of the -lass. 
The x10^11^ making instead 
of breaking vas taken be¬ 
cause of the X'Ossibility 
of mercury sticking to the 
platinum vire. 

lo.TTashin^ the oil off is necessary 
to keep the surface of the 
mercury clean. 

10.Tf fliers v”>s rrur tro' hi _ 
in obtaining this irassure 
point, the x^^ssure ns 
reir^^ed for lr minutas 
a u. the operaLio is re¬ 
peated. 

yl.f-ie ». r I "ken rot to Trl ih 
Uxe mer u-y ‘n the lie ULL 
enou0l k lutul tme • ntii i f0 

al the ox-onil j if tli ^x~ 
ill r., , Lhi-- i- likul^ to 

17.As in the ca.se with tlie 
nri'-insl rnorr’^ in t^a 
sida tubs pdtus+manto, it 
ofltn required - '■“f’m'1 

attaru't. 



\-j lourin^ tl ri "’urrel 
vv U LLed ««if al-ol 1. 

• e>tepb 14 ard lo way re- 
peaLol "l r n^in fail¬ 
li 3 HT rir1 ta-1 iti 

.tor. 

L l'ptn i* f" ’"■'rrnrr,, îo 
olljvol to fall tiru Lie 
*,i 1c tafco. 

22. Tliis tliefr 01 tlic wüJ T-, 
I* i* pox t ««a c i/O u 

« xe tie opoi Lor 1 ^t 
roll lnu 0 r* oi’^i / wiu g 

1 ’’ri i-’-ipj_unci fhirin~ tli 
dot j-rlrrli'n. 

TLe 1r l ™irnLi m of tho 

oi_nt nf flic ^oluLI nri_, \i«exe .1 

1 acL t««j "oj. r Le filling" o^ 

1. f forain~ a fie» 1- o LLo ”iCc. a 

1 o’’-pie~3i'M li \jj I -oTf 

L j " rrie 1 ni L n - L 

Lii x'e^o'^t v. fin*, 

ef'e 1 1 '' . ^f Lrr V 1 

florin'- Li or* y«cro a fhr> fini 
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DETAILED DATA 

lx. « General 

In tiiis section we shall consider certain prelim¬ 

inary experimental work: which had a direct hearing on 

the determinations of the compressibility of the solu¬ 

tions. 

1 • Calibration of heights and Density Flasks: 

In the worl: on Lithium Chloride solutions the cali¬ 

brations of weights and the density flask used by 

Obenhaus was used. However, before further experi¬ 

ments were attempted, the balance vas completely over¬ 

hauled and the weights and density flasks recalibrated. 

In the case of the weights only a few changes (all of 

which were losses) were noted, and talcing into account 

the adjustment made on the length of one of the bal¬ 

ance arms, the flask calibration agreed very well with 

Obenhaus* calibrations. Data concerning the calibra¬ 

tion of the flasks are given in Table I. 

Table I. 

Flask IJo. T.7t. of Yater Density of Volume of flask 
water at 55° 

11 98.857 .994061 99.450 

54 98.950 994051 95.521 



O 
*vr • Purification of l'a t e riais : 

Water "Pest water" was prepared "by twice redis¬ 

tilling ordinary distilled water, first 

from alkaline permanganate solution, then 

from dilute sulfuric acid solution. The 

distilling end receiving flasks were of 

pyrex and the condenser of block tin. 

Hydrochloric Concentrated hydrochloric acid(C.P.) 

Acid was diluted with best water to ob¬ 

tain a 6 molar solution, 1500 cc. 

of this solution was placed in a two-liter 

glass stoppered pyrex distilling flask 

oyer the side arm of which was slipped a 

quartz condenser. The first 400 cc dis¬ 

tilled and the last 200cc. were rejected, 

the middle portion was collected in a pyrex 

bottle and taken as best hydrochloric acia. 

ilydrobromic By a method entirely analogous to that 

Acid described above for the hydrochloric 

acid, best hydrobromic acid was pre¬ 

pared, The starting no.terials were 1200 cc, 

of C.3?. hydrobromic acid (47,*) and 40D cc, 

of "best” water. 

The purification of the various salts were 

in general closely connected with the rrep- 

Salts 
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aration of the solutions, hence they will 

"be discussed in that place. 

Hercury Thrice distilled mercury was sprayed thru 

a 4’ glass column filled with a suitable 

strength nitric acid. This mercury was 

washed with'water, then dried, and filtered 

thru hard filter paper. After it had been 

used in the piezometer the mercury was 

washed with alcohol, and water, then dried. 

3. Compression of Hercury: At the outset the 

value for the compression of the mercury and the 

glass vessel was determined. The average for several 

attempts including those made by my predecessor was 

a weight of mercury 0.150 g. (± 0.001 g.). For the 

compressibility of mercury at 35° over a 100-300 

megabar pressure range we are dependent on an inter¬ 

polation of the values given by Bridgeman. The value 

4.00 x 10“® was used!^ 

4. The Compressibility of Y/ater: Two determina¬ 

tions of the compressibility of water were made, one 

early in the work and the second after the technique 

had been well developed. The data are given herewith: 

Compressibility Data for 7/ater 

Dun ITo. Y/t. Y/ater Pp To Y/t. Ilg (l xl0S 

1 30.79G 304.54 125.8 8.9350 41.83 

O 
31.512 312.74 32.32 3.0076 41.30 



From tliese results and a result given by Obenhaus 

the compressibility coefficient was taken as: 

41.80 x 10"6 

5. Plot of Compressibility vs, concentration. 

In Figure I are plotted the values against concen¬ 

tration for each of the salts. (See p-'S'QJ 



■R. Ken r,vr «riants ou Lithium Chloride Solutions. 

The solutions of lithium chloride were prepared 

by dilution of a stock solution of lithium chloride 

which was made in the following manners About a half 

kilogram of C.T. lithium carbonate was washed by de¬ 

cantation ten times with ordinary distilled water and 

twice with "best” water to remove the soluble materials, 

and the washed salt was treated with "best" hydrochloric 

acid until only a little carbonate remained undissolved. 

This solution was filtered, and the filtrate made slight 

ly acidic to litmus. This filtrate was placed in a por¬ 

celain vessel and slowly evaporated until crystals ap¬ 

peared, then the solution vas cooled to room tempera¬ 

ture and the resulting crystals separated from the 

mother liquor and centrifuged. A second crop of lithium 

chloride was obtained from this mother liquor. The two 

crops of lithium chloride salt were combined and dis¬ 

solved in a minimum amount of "best" water and stored 

in a glass stoppered pyrex bottle equipped with a cover 

to prevent evaporation. 

This stock solution was analyzed gravimetrically, 

the results of the duplicate analyses are given below. 

Table III 
Analysis ITo. Vac. wt. 3olu. Vac. wt. AgCl ;*LiCl 

grams grams 
1. 3.10328 4.41553 42.036 
2. 3.16457 4.50251 42,084 

Kean 42.085 



The method used in ireparation of more dilute solu¬ 

tions from the stock solution may "be described briefly 

as follows: Into e. weighed 100 cc. pyknometer an 

arrr°iriate amount of stock solution vas transferred 

and the amount determined by a second weighing. "Best” 

water was added with constant stirring until the minio- 

cus was near the mark. The flask we.s then sliced in 

the thermostat for about three hours and the level of 

the miniseus adjusted to the graduated nark either by 

adding a small amount of "best" water or by drawing 

filtered air over the surface of the solution to 

evaporate the excess water. After this adjustment 

was mode the solution was allowed to cone to room 

temperature and was again weighed. Eefore each weigh¬ 

ing the pyknometer was wiped with a cloth moistened 

with ammonia followed by a clean dry cloth, then 

allowed to stand in the balance cose for 30 minutes. 

, In all weighings counterpoises were used, their sur¬ 

face being treated similarly to that of the density 

flask. The difference in the first two weighings 

was taken as the weight of the stock solution and 

that between the first and third taken as the weight 

of the solution. The difference in the first and 

third weighings also gave the weight of the solutions 

contained in the volume of the pyknometer. from these 
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data the weight fraction, molarity, tlie density was 

determined. These are yiven in table IV. The data 

and results of the compressibility measurements on 

the lithium chloride solutions are :;iven in to.ble V. 

Table IV. 

Data Bearing on LiCl Solutions. 

Sol. ho. v;t. Stoch Coin. \7t. Soin. density ^LiCl 
q ms • cms. 

1 125.509 125.669 1.26364 42.031 

2 99.764 120.305 1.2,0970 54.398 

3 49.495 109.811 1.10418 18.969 

4 70.656 114.274 1.14836 26.021 

5 23.944 104.366 1.04943 9. '>550 

6 9.9136 101.212 1.01772 4.1221 

7 41.846 108.178 1.08776 16.2793 

8 61.425 112.344 1.12096 23.010 

9 80.807 116.350 1.16973 29.233 

Table V. 

Lithium Chloride Solution Compressibility Measurements 

Soin. \7t. of Soin. P_ Pn v:t. of Hg 8 x IO* 
ho. in Vacuo 1 r 

1 40.147 300.83 103.16- 1.5398 20.38 

" 503.53 103.15 1.5323 20.14 

40.029 310.03 OS • 25 1.7055 20.03 

" 307.82 it 1.6946 20.10 

It ft 102*06 1.5956' 19.97 

" 309.46 ti ti 20.20 

B.R.V. 20.12 
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Table V. (continued) 

Soin. Ho. 7/t. of Soin 
in Vacuo 

Wt. of Kc £>x 10+' 

2 57.744 
• 

259.95*" 110.90 1.3J90 22.62 

tl 313.63* 100.51 1.8373 22.60 

38.420 301.55* 103.51 1.5782 22.60 

B.R.V. 22.61 

5 54.903 313.67* 122.93 2.1890 29.08 

It 325.37* 138.92 2.1467 29.03 

35.071 330.09* 120.09 2.3917 28.66 

B.R.V. 29.06 

4 36.449 287.18 101.02 1.0973 26.11 

n 286.62 » n 26.18 

36.355 303.05* 116.02 1.9122 25.12 

r.R.v. 26.14 

5 33.121 300.01* 110.35 2. .057 34.44 

33.134 307.82* 107.53 2.7552 34.46 

B.R.V. 34.45 

6 32.194 298.51* 103.90 3.0074 38.35 

32.248 312.86* 110.47 3.1312 38.35 

B.R.V. 38.35 

7 34.516 295.22 120.97 2.1252 30.52 

n 309.56* 118.68 £.3134 aO.5 ù 

B.R.V. 30.52 



Table V (continued) 

Soin. 
Ho. 

Wt. of Soin 
in Vacuo 

Pn Y/t. of Hg |$x 10 

8 55.758 299.71 109.30 2.0526 27.41 
* 

u 300.40 t) n 27.32 

35.275 509.52 100.57 2.2282 27.43 

» 310.05 it n 27.38 

B.R.V. 27.41 

IT.B.* means that the pressure v/as checked. 



C. heasurementc on Codium Chloride Solutions. 

Sodium chloride of atomic weight quality was gen¬ 

erously supplied hy Dr. Scott from a supply previously 

prepared in this laboratory. Before being weighed it 

was heated for two hours at about 250°C. 

In the preparation of the codium chloride solu¬ 

tions 1, 2, and 3» the required amount of salt was 

spilled into a glo.es stoppered pyre:c Erlenmeyer flask 

of appropriate size and the gain in weight of the flask 

taken as the weigat of the salt. Then a quantity of 

"best" water sufficient to make the volume of the solu¬ 

tion slightly more than 100 cc. was aided to dissolve 

the salt and its weight determined. From these data 

the percentage salt in the solution were obtained. 

Jor the density determination, the solution woe trans¬ 

ferred to a 100 cc. pyknometer, placed in the thermo¬ 

stat for 2-3 hours, at the end of which time the final 

setting of the minisous was made with a capillary pipett 

Codium chloride solutions 4 and 5 were prepared by dilut 

ing solutions 2 and 3 respectively, by the method used 

in preparing the lithium chloride solutions from their 

stock solution. Irecautions similar to those in the 

case of the LiCl solutions were observed in all weigh¬ 

ings of the glass flasks and pyknometer. In all cases 

counterpoises were used and vacuum corrections applied 

There necessary. Table VI gives the data for the prep- 



ara.tion and density of tlie solutions and Table YII tlae 

compressibility date,. 

Vi tli solution llo. Da series of compressibility 

measurements was made over ranges 300-400, 400-200, 

and 200-1 negabar. In figure la the compressibility 

of the solution was plotted against pressure: taken 

as the mean value of the range for v/hich the compres¬ 

sibility was determined. 

Table VI. 

Data bearing on NaCi1 Solutions !. 

Soin. Ho. T/t. Salt Vt. Soin. density ,XaCl 

1 10.16020 111.0309 1.05852 9.1598 

2 30.400 122.7369 1.17942 24.0200 

3 19.7330 116.347 1.11300 lo.*o Jù 

4 25.4647* 103.109 1.03671 3.1293 

5 17.0254**" 100.902 1.01388 2.03313 

Ogives the llo. of gms of Coin. ITo. 2 taken 

**£ives the ho. of gms. of Soin. Ik). 3 taken 



Table VII 

Sodium Cliloride Compressibility Data 

Soin. 
ITo. 

7/t. of soin, 
in Vacuo 

ri 
7/t. Of Hs 10*6 

1 32.854 292.38* 116.39 2.4350 05.59 

52.:si 293.42* 115.49 2.4920 35.55 

02.956 305.95* 102.24 2.8651 35.55 

B.R.V. 35.56 

2 36.317 301.33* 109.27 2.0051 23.08 . 

tl It 88.14 2.2299 23.12 

36.704 297.15* 110.70 1.9516 23.10 

B.R.V. 23.10 

3 34.698 301.72* 121.90 2.1715 30.93 

w>4.642 294.93* 95.73 2.4006 ol.Oo 

B.R.V. 30.99 

4 52.123 297.45* 09.62 3.0785 37.53 

32.096 203.53* 97.47 2.9431 57.52 

296.22* 95.07 2.9739 37,51 

B.R.V. 37.54 

5 31.393 305.265* 104.00 3.1552 39.64 

tf II 103.51 3.1150 39.67 

51.482 29J.72* 102.42 3.1065 39.73 

30.713 293.69 94.793 o. 1 ù 8 ù 39.74 

B.R.V. 39.71 
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Table VII (continued) 

Soin. 
ro. 

Vt. of soin 
in Vacuo 

rl To 
T,7t. oi Hg £>x 10f6 

5 30.713 405.59 298.69 1.5723 38.07 

IV n 194.59 3.1554 30.67 

91 104.59 1.00 3.0867 40.89 

Tliis requires certain assumptions regarding tlie compressi 

bility of Ilg 
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D. Ueasurements on Codiun Bromide Solutions 

"Chemically pure" sodium bromide vos dissolved 

in a minimum amount of water and tue solxxtion filtered. 

This concentrated solution was placed into a porcelain 

vessel and slowly evaporated, .Then upon cooling the 

solution to 50°, crystals appeared, the evaporation 

was stopped and the solution was cooled in an ice hath 

until a suitable croii of crystals were obtained. These 

crystals were filtered and centrifuged to remove any 

adhering mother liquor. At this point tue crystals 

(being hydrated) were transferred to a platinum dish 

and heated at 30-100° until they were apparently de¬ 

hydrated, then the system vas heated over night at 

2D0° crushed in an agate mortar and heated twice more 

over night at 250° to affect complete dehydration. 

The anliydrous ITaLr vas tnen transferred to a glass 

stoppered bottle and stored in a dessicctor. Before 

being weighed out the salo was again heated in a plati¬ 

num crucible at 250° for tvro hours. 

The preparation of the solutions differed from 

that of the sodium chloride in only one essential point, 

vis., tue wei ;ht o X wi-x O salt van obtained as the loss 

in weight upon spilling the salt from the platinum cru¬ 

cible in which it had been heated. 
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The data bearin^; on tlie preparation an! density 

or the sodium broriide solutions are given in table VIII. 

and those oh the- compressibility measurements in 

table IX. 

Soin. 
l.o. 

1 

2 

3 

4 

Table Ho. VIII. 

Data hearing on ITaBr Solutions 

T.7t .Salt 
gms. 

”rt. Soin 
gms. 

Density , ilaBr 

83.955 

44.4551 

24.9025 

10.7572 

170.333 

137.297 

119.096 

109.345 

1.54400 

l.oOi- 94 

1.17443 

1.07392 

49.295 

32.3795 

20.7701 

9.8333 
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Table IX. 

Sodium Bromide Solutions Compressibility Data 

Soin. T/t. of Soin. II Y/t. of Hg B* io 

tei
 

O
 

•
 in Vacuo 

Y 

1 47.798 310.07* 126.74 1.6359 23.39 

47.941 300.33* 96.84 1.8149 23.45 

B.R.V. 23.42 

2 40.484 306.67 93.39 2.4056 25.82 

40.331 279.71 93.55 2.1537 25.74 

40.483 298.09* 100.75 2.2826 25.70 

B.R.V. 25.74 

3 36•521 287.42* 99.07 2.5201 34.03 

• 36.472 294.05* 03.55 2.8121 34.03 

B.R.V. 34.03 

4 33.227 298.68* 118.93 2.7006 38.08 

33.279 287.28* 107.93 2.7020 38.13 

B.R.V. 30.10 



L. lleasurements on Lithium Bromide Solutions 

Two series of litliium bromide solutions were ire- 

pared because of the shortage in amount of the first 

stock solution. The first stock solution was obtained 

as follows: A mixture of solutions of lithium chloride 

and lithium bromide of excellent quality were treated 

with nitric acid and evaporated to dryness. The re¬ 

sulting LihOj was precipitated by ammonium ca.rbona.te 

o,s lithium carbonate. This method was found to be a. 

very inefficient one as a means of getting the 

lithium quantitatively precipitated in a pure form. 

The lithium carbonate was then washed by decantation 

until the was water was free of chloride and bromide 

ions (twelve washings were made.). The washed carbo¬ 

nate was then treated with a not quite equivalent 

amount of "best" hydrobromic acid. The solution was 

filtered into a porcelain vessel and tne nitrate 

made slightly acidic. ITow evaporation was affected 

until the crystals appeared Then the solution was 

cooled to 40°, and a suitable crop of crystals ob¬ 

tained by cooling the solution m an ice bath. The 

resulting crystals were separate:1 from tne mother 

liquor by filtering and cexitri ?uging* and a second 

crop of crystals obtained by similar evaporation of 
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thé raotxier liquor. The combined mass of lithium bromide 

crystals r/ere dissolved in a minimum amount of 1rrater 

to fori the stock solution for the series I measure nents. 

The second stocb solution was prepared from a 

batch of lithium carbonate obtained in a manner similar 

to the one described above, to which was added about 

100 grams of C»P. lithium carbonate -which had been 

washei free of chloride. Using the methods described 

in connection with the first stoch solution, the second 

stock solution was prepared. 

Results of gravimetric analyses of these stock 

solutions are given in table X. 

Table X 

Analysis of 
• 

LiEr Stock Solutions 

Stock Coin 
llo. 

Run l.o. Vac. Tt. of Coin. 
gms. 

Vac. wt. 
of AgEr 

TLiEr 

I 1 0 . 4 01 o 1 4.39437 60.4101 

KJ 3.76 ’.52 4.% 1.3G '0.4035 

1 ean 30.4093 

II 1 3.9539° 4.33131 04.7335 
9 

O 
t~u 3.3211? 4.S4256 54.75 ”.9 

Mean 54.7612 

Prom these stock solutions the various solutions 

of lithium bromide were prepared in a manner similar 

in every detail to that used in the preparation of the 

lithium chloride solution from that stock solution. 
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Table XI gives tlie data tearing on the composition and 

density of the lithium bromide solutions. 

Data which were obtained in connection with the 

compressibility measurements upon lithium bromide solu- 
\ 

tions are given in Table XII. 

Table XI. 

Data Bearing on LiBr Solutions. 

Soin. 
ho. 

Vt. Stk Soin, 
gms. 

T!7t. Soin 
gms. 

. Density ^LiBr 

1 Stk soin. I 171.158 1.72090 60.410 

2 125.379 151.636 1.52364 49.949 

3 108.692 144.506 1.45294 45.438 

4 80.609 152.700 1.33423 36.696 

5 Stk soin. II 159.985 1.60856* 54.761 

160.084 1.60855* 

6 112.530 141.684 1.42456 43.493 

7 74.074 127.172 1.27784 31.897 

8 55.714 120.173 1.20827 25.388 

9 25.765 108.873 1.09397 12.959 

10 16.5423 105.271 1.05845 8.6052 

*These were check density measurements with different flasks. 

Soins 1-4 were prepared from stock solutionl and solutions 

5-10 from stock solution II. 
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Table XII 

Lithium Bromide Solutions Compressibility Bata 

Soin. 
ITo. 

Wt. of Soin, 
in Yacuo 

P1 \7t. of Hg (3x 10+6 

1 53.539 285.86* 93.31 1.6338 22.39 

53.651 301.17* 98.42 1.7203 22.35 

B.R.V. 22.37 

2 47.336 308.93* 104.09 2.0149 25.63 

308.93 104.84 2.0079 25.63 

47.269 295.35* 91.76 2.0081 25.72 

47.364 286.56* 97.89 1.8676 25.75 

B.R.V. Z.5.69 

3 45.104 317.93* 97.27 2.3020 27.12 

45.163 299.94* 101.74 2.1023 27.06 

B.R.V. 27.09 

4 41.415 293.63* 105.49 2.2115 29.49 

41.403 309.70* 115.49 2.2192 29.44 

B.R.V. 29.46 

5 50.007 300.99 104.84 1.8064 24.12 

50.028 300.18 110.26 1.7516 24.14 

50.024 291.079* 107.69 1.6966 24.13 - 

B.R.V. 24.13 

6 44.000 297.08 114.47 1.9855 24.23 

44.085 305.27 96.25 2.2201 23.59 

44.244 289.06* 80.79 2.1442 23.70 

B.R.V. 23.70 
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TaBleXII. (continued) 

Soin. 
Ko. 

'fft. of Soin, 
in Yacuo 

' ll Wt. of Hg £>x 10*-6 

7 39.743 305.06~ 102.85 2.4413 30.92 

39.698 292.86* 103.07 2.2981 30.96 

B.R.V. 30.94 

8 37.515 329.97 91.05 3.0757 32.89 

37.479 298.25* 90.43 2.6801 32.97 

it 298.82* 88.60 2.7061 32.91 

B.R.V. 32.92 

9 33.951 291.98* 90.83 2.9529 37.19 

33.988 297.24*' 89.25 3.0542 37.16 

B.R.V. 37.17 

10 32.819 318.60* 92.63 3.4443 38.56 

32.776 311.15* 84.92 3.4467 38.59 

B.R.V. 38.575 
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DISGUSCIOL 

There are a number of physical properties of solu¬ 

tions such as volume, heat capacity, refractivity, etc., 

a study of which might be expected to contribute to 

our understanding of the nature of the solution state. 

That they have not been investigated in the past as 

much as some other properties(e.g. conductivity) is 

to be attributed doubtless to the impossibility of 

distinguishing directly between the individual contri¬ 

butions of the solute and solvent. A provisional 

means of getting around this difficulty has been to 

calculate the apparent râle of the solute by as sinning 

that the solvent has the properties of the pure liquid. 

Y/ithin recent years the use of this device has led to 

the discovery that the apparent molal properties under¬ 

go changes with concentration which can be represented 

by rather simple relationships. 

These relationships do not clarify very much our 

picture of the solution state because we have no way 

of knowing whether it is the solute or the solvent or 

both that suffer a change when the apparent projierty 

changes with concentration. On the other hand the ex¬ 

istence of these relationships is encouraging and sug¬ 

gests the desirability of extending our information 

regarding the various apparent molal properties. The 



present discussion is a report of a preliminary study 

along these lines; it considers in particular the 

effect of pressure on the apparent molal volume. 

It will he convenient to define at the outset the 

two primary concepts which will he used: The apparent 

molal volume (<t>) is given hy the expression 

<»>- V, --n.tr (1) 

The apparent molal compressibility (B ) is defined hy 

the equation 

s = (2) 

where Vj represents the volume of solution containing 

one gram molecular weight of solute, V°is the volume 

of one gram molecular weight of water, and 71, gives 

the number of mois of water present in \/& . Since 

the compressibility coefficient ft of a substance is 

(3) 

we can rewrite (2) as 

B=fh%-n,pwV« (4) 
It may be remarked here that for electrolytes 

such as the alkali halides the calculated values of 

turn out to be negative indicating, according to the 

definition (2) , that <)> increases with pressure. 

The data which we shall employ in this discussion 

are assembled in table XIII and were calculated from 

the measurements reported above. A brief discussion 



of the method of calculation and the precision of the 

various quantities will not he out of place. The Roman 

numerals used helow refer to the corresponding columns 

of the table. 

Table XIII 

Data on the apparent molal properties of solutions. 

(a). UaCl 

I II III IV V 

0.49713 18.71 19.39 -34.22 0.23 

1.08717 19.33 19.95 -31.10 0.32 

1.65712 19.67 20.26 -29.44 0.38 

3.2457 20.73 21.22 -24.65 0.46 

5.0080 21.57 21.98 -20.34 0.49 

(b). RaBr 

I II III IV V 

1.02565 26.19 26.69 -25.10 0.35 

2.37026 26.88 27.28 -21.50 0.36 

4.09942 27.73 28.09 -17.80 0.42 

7.39574 28.72 28,98 -12.84 0.43 



Table XIII (continued) 

(c.) LiCl 

I II III IY V 

0.98948 18.50 19.06 -27.09 0.24 

2.58937 19.30 19.75 -22.69 0.34 

4.1767 20.08 20.45 -18.62 0.40 

4.9401 20.22 20,57 -17.34 

6.12715 20.50 20.79 -14.91 

7.04790 20.62 20.89 -13.60 

8.0654 20.74 20.98 

9.9576 20.86 21.07 -10.55 

12.5274 21.00 21.17 -8.53 

(d) liBr 

I II III IV V 

1.04865 25.61 26.01 -20.00 0.16 

1.63223 25.80 26.15 -17.58 0.19 

3.5318 26.36 26.64 -14.13 0.25 

4.6927 26.54 26.78 -12.05 0.27 

5.6371 26.67 26.88 -10.74 0.28 

7.1335 26.62 26.79 -8.620 0.29 

7.6009 26.64 26.80 -8.072 

8.7621 26.58 26.73 -7.265 

10.1416 26.42 25.55 -6.378 

11.9692 26.29 26.39 -5.246 



l’or the sake of brevity certain symbols will 

be defined at this points > refers to the percentage 

by weight of gait in the solution, II represents the 

molecular weight of the solute, cf3, are the den¬ 

sities of the solution and of water, and and fi» 
the compressibility coefficients of the solutions and 

of water, respectively. 

I. c ïconcentration in gm. mois per liter at atmo?~ 

spheric pressure. The precision of these measure¬ 

ments are better than 0.02 pa.rts per hundred. 

II. <p= the apparent molal < Volume at 1 atmos 

.sphere pressure expressed in cuuic centimeters. 

__ M _ f/flo - %) Al.. IOO O 

~ %ds • lo %• 

Since cp is a difference between two quantities, 
its precision is very much less than that of 

the experimentally determined quantities E,nd 

varies with the concentration of the solution. 

In the most concentrated solutions the uncer¬ 

tainty may be 0102 cc. but in the more dilute 

solutions (c>l) it may amount to as much as 

, 0.1 cc. 

Ill ^^tlie apparent molal volume at 200 megabars pres¬ 

sure expressed in cc. The calculations of these 

values are the same as that just described with 

the difference that the densities are corrected 



(6) 

to 200 megabars by taking 

dxoo ~ d(itZbOfi) 

As will be seen in the discussion of in IV 

this procedure of correcting the density is 

not altogether without error. The resulting 

values are slightly smaller than they 

really are at 200 megabars pressure, the dif¬ 

ference being greater in the dilute than in 

the concentrated solutions. \7e shall have 

occasion later to comment further on this 

uncertainty. 

apparent molal compressibility at 200 megabars 

pressure. In the table this value is for con¬ 

venience multiplied by 104 

S /tt a ilOO~%)M-IOOO_. a 
O" *£•//.-/O P* J rv (?) 

Before considering the question of precision 

a word is necessary regarding the compressi¬ 

bility coefficients used in the computations. 

The actually measured and employed in the 

calculations is not the ideal coefficient 

defined in (3) but the mean coefficient over 

the pressure range 100-300 megabars and can 

be accepted as the coefficient at 200 megabars. 

In this case it night be supposed that the 

density in the above equation should likewise 



refer to 200 megabars, in order to have B 

for this pressure. The reason for not doing 

this can best be understood from a considera¬ 

tion of the approximations involved in the 

calcule,tion of the mean coefficient of com¬ 

pressibility. The quantities measured are 

the change in pressure of 200 megabars (be¬ 

tween 100 and 500 megabars) giving 

The 4 V refers to 200 megabars, but the \£ is 

always taken at 1 atmosphere. Y/liile this 

could be reduced, at least very closely, to 

200 megabars, the correction would be can- 
T 

celled in each case by the correction that 

would then have to be applied to c/3 and oL 

in computing B . In short, by not correcting 

either V°or the densities we get6 at 200 mega 

bars pressure. Since we shall not use B at 

1 atmosphere we shall omit a designative sub¬ 

script. With regards to the precision of 

these computed B values only the general 

statement can be made that they are the least 

precise of all the quantities that we shall 

employ. To indicate the approximate range 

of uncertainty the estimated limits thereof 
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are indicated on one of the figures to he 

discussed subsequently. 

V -f -is a correction factor which we shall re¬ 
quire later. It is defined by the equation 

f.= (S ) 
The symbols (3 »C have their usual significance 

and the constant A will be described more 

fully in the following section. 

Our present study of the property the apparent 

molal volume will be based almost entirely on Hasson’s 

equation: 
4> = -kck t <jb (10) 

A, are constants characteristic of each salt. This 

empirical relationship has been quite thoroughly tested 

by Scott and Geffcken for simple salts of the alkali 

halides and was found to be satisfactory within the 

limits of experimental errors in the.data. Root^has 

extended this test to include the alkaline earth halides. 

An indication that the equation has a theoretical founda¬ 

tion is to be seen in the fact that Redlicli1 has been 

able to derive the equation from the Debye-Hückel theory, 

with the noteworthy difference that k, theoretically, 

has the same value for all electrolytes of the same 

valence type. To account for this difference, Redlich 

points out that his derivation applies only to very 
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dilute solutions and that possibly in relatively con¬ 

centrated solutions each salt deviates from the theoreti¬ 

cal in a characteristic manner. Geffcken has investiga¬ 

ted this possibility by making precise density measure¬ 

ments in extremely dilute solutions. In his first re- 

tz ‘ 
port oAOwed thet, for ITaBr, Hasson’s equation was 

valid between the turated state and c = 0.5. However 

in a recent report'* , - gives data which shows that in 

solutions of HaUl tnere is probably a small but definite 

discontinuity in the linear relationship (a change in 

) when c =-0.4. In connection with this summary 
f 

of evidence for and against Hasson’s equation it may 

be noted that our compressibility data will be shown 

to be in excellent agreement with itj a. further test 

which, of course, lends additional and desirable sup¬ 

port to this empirical equation. 

Since I shall be obliged by the nature of my com¬ 

pressibility measurements to consider the properties 

of the apparent molal volume at 200 megabars pressure, 

it is desirable to show the applicability of Hasson’s 

equation at this pressure. For this purpose both the 

4* and (Rvalues are shown plotted against c* in Figurell. 

The data employed in constructing the graph are given 

in table XIII; although the values used are for a 

pressure of one atmosphere, they do not differ signifi- 
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cantly from tîie more correct values at 200 megabars. 

From an inspection of tiiis figure it is obvious 

that within the limits of experimental error like 

<p , varies linearly with c'a. Although a test of this 

nature cannot of course be regarded as definite or com¬ 

plete, it offers no evidence to conflict with the as¬ 

sumptions which will be necessary in the subsequent dis¬ 

cussion, that Hasson’s rule is valid at the higher 

pressure. There are certain other tests which support 

this conclusion. First the Rvalues satisfy the ad¬ 

ditivity principle which might reasonably be expected 

to hold in infinitely dilute solutions. Second the 

difference between the ^ and values is sensibly 

the same as that (0.85 c.c.) found by Adams
&
 by an 

entirely different means for the increase produced in 

the apparent molal volume of UaCl by a pressure of 

200 megabars. Before taking up further considerations 

which Ere possible if Hasson’s equation is valid at 

200 megabars pressure, it may be observed that the in¬ 

crease in (p produced by 200 megabars is about the same 
for the four salts. At this point attention may be 

called to the fact that the increase in with pres¬ 

sure is evidence of the complex nature of the apparent 

molal concept. 

The concentrated solutions of liCl and LiBr are 



here as at 1 atmosphere pressure, exceptions to lias- 
14 

son's rule. The constants derived from Figure II are 

given in table XIV, and, it may be remarked, the con¬ 

stants for 1 atmosphere are the same as those found 

by G-effcken. 

Table XIV 

Constants taken from Figure II. 

LiCl LiBr NaCl ITaBr 

17.75 25.15 18.15 25.20 

« 17.12 24.55 17.25 24.45 

0.63 0.60 0.90 0.75 

1.30 0.80 1.70 1.35 

■k 1.46 0.95 1.92 1.55 

On differentiation of Masson’s equa tion with respect 

to pressure, one gets 

0 
(11) 

Substituting, according to (2), 0r and letting 

•f =. * equation (11) takes the form 

B * & (12) 

The applicability of this equation can be tested 

most conveniently by plotting the term S+f against c*’ 

as in Figure III. To illustrate the approximate magni- 

it 
tude of the uncertainty,^s indicated by two dotted lines 

for the single case of ITaCl. The range of uncertainty 
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for other solutions varies similarly with concentration 

and is roughly the same order of magnitude. 7/ith this 

consideration in mind, an examination of the graph shows 

that the expected linear relationship between 8+f and 
JL 
ca holds excellently over the concentrated range covered 

by the measurements. It may be observed here that the 

data for the concentrated solutions of LiCl and LiBr 

could not be shown in Figure II because of the impossi¬ 

bility of calculating the factor f. In the concentrated 

solutions the 8 values of these salts, like the <P 

values, vary in an abnormal manner. 

If the relationship expressed by equation (12) can 

be accepted tenatively as valid, it immediately suggests 

a number of points of interest. In the first place, 

since f = 0 when c=0, the intercept when c=0, should 

give the apparent molal compressibility ( Ba ) of the 

electrolyte in an infinitely dilute solution. These 

values are listed in table XV. 

Table XV 

Constants from Figure III 

Salt ITaCl ITaBr • Li Cl LiBr 

Bc* IV* -41.2 

-9.Ô0 

-32.0 

-7.22 

-35.0 

-8.20 

-27.0 

-7.0 

—5.65 -5.34 -6.54 -8.75 
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A possible check on these values is to he derived 

from the work of Adams2 who, from his measurements, cal¬ 

culated the fictive compressibility of ITaCl in solution 

at 25°C over the pressure range 0-10,000 megabars. Since 

in infinitely dilute solution, the fictive compressibility 

is the same as the apparent compressibility, the fact 

that at 200 megabars pressure Adams obtained a value 

of -38,5 x 1CT4, is excellent confirmation of the pre¬ 

sent procedure. 

A further point of interest is the slopes of the 

lines plotted in Figure III. Since they are positive, 

it follows that ^ has a negative value. The values 

of this term#wiich is a constant at constant pressure 

and temperature, are also given for p=200 megabars in 

table XV. This table also includes While 

the cases covered in this report are too few to per¬ 

mit any general cpnclusions to be drawn, it may be 

observed that the values of apparently are in¬ 

fluenced primarily by the anion. Thus the value of 

this term for solutions of KBr and El, found from the 

data of Obenhaus, are -5.35 x 1CT4 and -4.12 x 10-^ 

respectively. 

Equation (12) can be transformed into an expression 

giving 0Sas a function of concentration. A somewhat 

more obvious derivation of this expression is given 



below: 

Hasson's equation (10) can be written as: 

<j) = % - V? s -fee* -Hfc. 

the various symbols have been already defined. The 

differentiation of this equation with respect to pres¬ 

sure yields an expression which reduces to, 

§f = t *X - Sr + fêcl% - S' (13) 

Now substituting ( Vs - <P ) for %V,°} for 14 , 

and for <f> , equation (13) becomes: 

C^s= -i£cK+[!m-çkc^<tù]pM+e. uo 

and finally takes the form 

A J - T (3* + _ itiiterfus) Ps = 7T3HC* Lv ,ooc 1000 J 
To show the validity of this expression (15) the 

following comparison of the calculated with the observed 

values of |3s for the solutions reported in this thesis 

are presented in table XVI. The coefficients of equa¬ 

tion (15) employed in these calculations are all derived 

from the graphs and equations already discussed. 



Table XVI 

Comparison of the calculated and observed values of (3g 
Sodium Chloride Solutions 

& - 77517* [4/*° '4--870c 

0 0.49712 1.0871 1.6570 3.2456 5.008 

fcca.lcJM*' 59.69 37.48 35,56 31.03 27.10 

ftobs.X/^ 39^71 37.54 35.56 30.99 27.10 

diff. 0.02 0,06 0.00 0.04 0.00 

Sodium Bromide Solutions 
1 ÏAj.xo -Ai.Wt -tûë.UcKJ: 

c 1 •02565 

i /.3i~ 1 x.ODO~ 
2.3703 4.0944 7.3957 

gcalcJC /0e 36,10 34.06 29.73 23.42 

ftobs.y-/^ 38,10 34.03 29.75 ' 23.42 

diff. 0^00 0.03 0.02 0.00 

Lithium Chloride Solutions 

& - I4"80 ' *1'15 c ^ K,cr<’ 
,ir Xoo* 

c 0.8895 2.3899 4.1767 4.9401 

P calc£>0
L
 38.35 34.45 30.53 29.14 

&obs .x/o1* 30.35 34.45 30.52 29.06 

diff. 0.00 0.00 0.01 0.08 

Lithium Bromide Solutions . - 

- rzës&e?* ] 
1 2£X>o 1 

c 1.0487 

'4!-ZO ~ 3.7.57 ç. 'XJO 

1.6322 3.5318 4.6927 5.6371 

(35 calc^
- 38.57 37.11 32.94 30.94 29.55 

$ obs.icrp6 30.57 37.17 32.92 30.94 29.46 

diff. 0.00 0.06 0.02 0.00 0.09 
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An examination of the dota given in this table 

shows that equation (15) represents excellently the 

variation of ($ with concentration* The outcome, of 

course, is what would be expected if Hasson’s equation 

(10) and the derived expression (12) are valid as we 

have supposed, because the equation (15) which has been 

tested is obtained directly from the two. However, 

since the constants employed in the various equations 

were all taken from the several graphs (Figure II and 

III) which have been presented, the good agreement 

actually shown by the data in table XVI can be looked 

upon as a striking confirmation of the extrapolations 

made in these plots. In short, we have here a good 

check on the consistency of the various steps involved 

in the calculations up to this point. The more con¬ 

centrated solutions of LiCl and LiBr to which Hasson’s 

equation does not apply were not considered in the use 

of equation (15). 



In conclusion a few comments on Gilbault's equation*5 

which heretofore has been the only successful means of 

relating the compressibility to the composition of solu¬ 

tions may not be out of place. Gilbaiift^s ingenious 

idea was that instead of comparing the compressibility 

of equal volumes of solutions, one should base their 

comparisons on the volumes containing the same number 

of mois of substance—water plus solvent—assuming com¬ 

plete dissociation of the salt and counting each ion 

as a separate molecule. Though Gilbaufc gives a crude 

derivation of the equation, it must now be classed in 

the category of empirical equations, his equation is 

of water, 

JX is the compression of that amount of solution 

containing 5.55 mois of water plus ions, 

is the number of mois of ions divided by the 

a=number of mois of water plus ions in a given 

amount of solution. 

ds is the density of the solution 

cimis the density of water. 

is a constant characteristic of each salt. 

In applying this equation it was convenient to refer 

jx and p.c to 1 mol instead of 5.55 mois of substance. 

(16) 

where ^/4is the compression of 100 grams (5.55)mols) 
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The following expressions were used in calculating the 

various quantities in Gilbaufc’s equation. 

yUo 
Me/ \N+. a  —j pw 

wir/ 
IOOOAL A. 

(X - 'V _ 
A/+v 

where c is the concentration in mois per liter,Vis 

the number of ions derived from a molecule of salt and 

IT is the number of mois of water per mol of solute. 

In the accompanying table XVII, are listed the values 
* S 

of k calculated for ITaCl, UaBr and LiCl solutions. 

Table XVII 

Gilbault’s Constants 

Salt c k Salt c k 

ITaCl 

5.003 1.518 

ITaBr 

7.396 1.667 

3.246 1.492 4.099 1.461 

1.657 1.446 2.307 1.268 

1.0371 1.401 1.026 1.237 

0.4971 1.339 
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Salt 

Li Cl 

Table XVII Continued) 

c k Salt c k 

LiCl 

12.527 1.271 4.940 1.270 

9.958 1.269 4.177 1.237 

7.048 1.244 2.390 1.273 

6.127 1.244 0.890 1.297 

It is obvious that the quantity k given in table XVII 

is far from constant for each salt and indeed shov/s a 

definite trend with concentration in the case of NaCl 

and ITaBr. This outcome is somewhat surprising/not only 

because Gilbautt's calculated k’s were so constant, but 

also because Perman and Urry concluded from their data 

that the equation is quite satisfactory. In order to 

discover, if possible, the cause of the lack of agree¬ 

ment with Gilbauft's equation shown by the present data 

a number of factors have been examined. 

First, it has been found that if the value for 

to 4Z 4 x/o'6 

v/ater is changed, from 41.8 x 10 A , k in the case of 

the UaCl solutions becomes practically constant with 

^ a value 1.562. Now this fact might seem to indicate 

that our value is incorrect. But opposed to this 

argument are two serious objections: (1.) To have 

k constant for the ITaBr solutions a different and 

still higher value for Aw must be assumed, (?..) The 



accepted, value of $wis in good agreement not only with 

the 0 concentration curves (Figure I) Tout also with 

other values to he found in the literature. 

It might he assumed that Gilhau(tfs equation is 

really too simple and that the agreement he found was 

a conseauence of slight inaccuracies in his compressi¬ 

bility measurements.'*’ In support of this supposition 
« 

is the fact that there is some evidence of a slight 

trend with concentration in the fit of Perman and 

Urry’s results. Certainly the theoretical derivation 

of the equation given hy Gilbault is open to criticism 

from several points of view. There isJ however, a paz- 

zling fact considered in the following •* aragrap ;liich 

makes this interpretation questionable. 

Gilhaut’s equation (lô) can he transformed into 

, -Aaicf 
yU -/t* e * (17) 

how if he substituted for JJ0 , and {l~Q)V,0^ & 

he placed for JUL equation (17) becomes 

= v:p„ e ** (18) 

and finally . J 

(»> ' 

For infinite dilution a approaches 0 and approaches 

=• 
(20) 

„mman has criticized Gilbau3t*s work on the ground 

tu ,t Gilbault could not have had sufficiently constant 

temperature. 
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If one substitutes into tliis equation the values of k 

given "by Gilbaufc# one obtains values of 6, which are 

of the sa,me order of magnitude as one would expect 

from a consideration of Hasson1s equation. To show 

this the values of B given in table XV for UaCl and 
-4. -4 

X/O x/o 
UaBr are 41.2Nand 32.0Awhile those calculated from 

X/o'^ jc/o~^ 
Gilbaut’c - ■ i • values a,re -46.8 and -37.5^respec- 

tively. It should be pointed out that Gilbcuflt^s measure¬ 

ments were made at 20°C. and over a pressure range of 

0-300 atmospheres. 
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Summary 

1. A procedure for measuring the compressibility 

of liquids with the Richard’s type apparatus has been 

described. 

2. Data concerning the compressibility and density 

determinations on 

(a) . Eight solutions of LiCl’ 1 to 12.5 Uolar 

(b) . Eire solutions of llaCl 0.5 to 5 Uolar 

(c) . Eour solutions of UaBr 1 to 7.5 Uolar 

(d) . Ten solutions of LiBr 1 to 12 Uolar 

have been presented. 

3. Hasson’s rule that d> varied linearly as cS' 
'2*00 

was shown to hold for solutions of UaCl and UaBr and 

not to hold for the more concentrated solution (II < 10) 

of LiCl and LiBr. 

4. An equation relating the apparent molal com¬ 

pressibility and the concentration of solutions which 

follow Hasson’s rule has been derived. 

5. Erom Hasson’s equation a relationship between 

the compressibility and concentration of solutions has 

been derived and shown to hold in the concentrated 

range of UaCl and UaBr solutions. 

ô. It has been demonstrated that Gilbaufc’s equa¬ 

tion is not applicable to the data presented in this 

thesis. Uo satisfactory explanation for this inapplica¬ 

bility has been found. 
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