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INTRCDUCTION

Ultrasonic (or supersonic) waves are sound weves whose
frequency is above the audible ranee. The human ear can
hear sounds of frequencies up to absut 20 kilocycles and
ultrasonic freguencies extend from there upwards, 500,000
kilocycles being the hicghest frequency that it is now
vossible to produce, <‘he wave-length rszrnce of ultrasonic
sound waves in air is from 1.5 to 0.00006 cm. while the
wave-length or an audible sound whose frequency is, say,
256 vibrations ver second (middle C on the musical scale)
is more than |00 cm. .&s scund velocity is usually obtain-
ed from wave-lencth messurements, this shortness of ultra-
sonic waves greatly simplifies measurement of sound
velocities.

There is a great concentration of enercy in ultracsonic
weves as corpared to audible waves, an intensity of 10
viatts per cm? being not uncommon ir ultresonic waves as
contrasted with intensities ir the order of 10 10 watts
per cm? in audible waves.

7 states that a disversion of sound velocity with

Rao
frequency has been definitely estublished in gases but
thet such a disrersicn in liquids, if it exists, is only
1l or @ meters ver seccnd and thus within the range of

exverirental error. Thus, in general, ultrasonic velocit-



ies are the same as audible sound velocities.

Fortunately, the laws of sound wnhich are valid for
the audible range also hold for the ultrasonic rance,
althoucsh some phenomena anpesr in the latter which are
not observed in the former. Use of ultrasonics for
velocity measurzments in liquids has three outstanding
adventases vecause of the shortness of the waves. These
are: (1) it is vossible to make measurements in a small
space thus eliminating complicated and cumbersome equip-
ment ot-erwise necessary; (2) the influence of the wells
of the conteining vessel, which is so difficult to correct
for with audible sound waves, is neglicible with the short
waves; (2) it is rossible to make velocity measurements
with small zrounts of trhe medium. Because of these ad-
vantares it has been vossible, for examrle, to makxe meas-

urenents in liquid oxygen and heavy water.
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Ultrasonic velocity reasurements cre chiefly important
in that they yield vulues for tre adiabatic compressibil-
ity of the redium., Given this, and the icothermal com-
pressibility derived from stetic meacurernents, it 1s then
possible to calculate the ratio of the specific heats of
a liquid. There is a.so a cood poesibility that when
enough duzta has been accurulated it will be vossible

to exrlain completely the chances of volume and conpress-
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ibility which occur vien salts are dissolved in water,
Velocity measurenernts have been riede in nost of the
comrmon orccrnic liguids and tre compressibilities computed
but very little work has been done vitn agqueous solutions
of salts. TFor this resson the author decided to work in
the latter field.

4 series of velocity meesurements in various concen-
trations oY potassium end sodium halides have been nade
by Freyers. Only a few otrer investicatorc have made
measurements in electrolytic solutions and rnone of them
has dealt with a svecific series of salts as did :-reyer.
In choosinge a s=ries of sslts for irvestication it seemed
best to choose a series other than those studieq¢ by Freyer
in order that there might be a greater rance of data from
which to meke conclusions. A series of nitrates seemed
the best one to choose because they are easily obtaired,
the nitrates of practically a’l metallic ions exist, and
esnecially beczuse of their ¥ery hich solubility. The
three lowest riono-valent nitrates (potassium, sodium,
and lithiun) and two di-vzlent nitrates of hizh solubil-
ity (macnesium azd zinc) were the ones chosen for the
investigation. -oth mono-valent and di-velent nitrates
were chosen because the change of comrressibility with

concentration was expected to differ in the two types.



MITII0D AND ATPARATCS

Muny different methods have teen used for determining
the wave-length of ultrasonic waves in liquids and one of
the simplest and, strgtely enourh, least used rethods was
chosen., It is an ovntical method sug~ested by Berqmanng in
which l1is¢ht from a slit source is ellowed to diverge
throuegh the liquid containing stationary ultrasonic waves
and fall on & screen on the other side. ‘1The standing
acoustic waves also have associated with them, duve to
standing density waves, standinz waves in the optical
index of refraction of the medium. This reans that there
is veriodically set up in the medivm a row of "lenses"
more or less of the cylindrical type. ‘l'hese "lenses" app-
ear and disappear with a frequency twice that of the ultira-
sonic wave and asre spaced at intervels of one-half the
acoustic wave. There appears then on the screen a pattern
of parellel bright and dark lines of a-proximately equal
width., If each dark line arises from a nodal point in the
liquid tren the distance between the dark lirnes is one-
hzlf of the viave-leneoth of the sound wave. Low 1# the
stationary wave pattern be moved parailel to the screen and
vernendicular to thke lisht beam by moving the trouch, the
lines on tie screen will rove along tke screen. If a
point is chosen on the screen, at the center of the li~ht
beam in order to eliminate all distortion, and the trough

moved until one dark line has pacsed this point, then the



distance tkbkrough which tke trough lhas moved must be one-
half of the wave-lensth of the ultresonic waves in tre
liquid. Because of the snortness of the ultrasonic waves
it is rossible to cause a lerge number of lines to pass
the point on the screen by moving the trough a few centi-
meters and the wave-lerngth rav then be found by dividing
the dist:nce moved ty the trough by one-half the number of
dark lines passing tke chosen point on the screen., 1f the
frequency is known then the velocity is found by teking
the product of frequency and wave-lencth,.

1'he optical syster is shown is figure I. The 1lieht
source wess a 100 watt riboon filarent lamp which weas
focused on the slit by a strong condensing lens. ‘“The
trough was mounted on a traveling microscone base so that
it could be noved verpendiculerly to the optical vath.
The buse wus firmly foastened to an optical bench atout
30 cme from the slit. The vosition ol the screen was
not critical as the lines could be seen at any distance
within several meters of tne trougch. However, it was not
desirable to have the screen clder than 50 cri. because the
lines were too close together to be counted easily and,
since it was necessary to turn tne microscope and count
the lines at the same time, the screen was usually placed
at about 80 cm. fro:m tahe troughe.

It should be noted that no lenses were necessary between

the slit and tkhe screen. - convergent lens ray be vlaced
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between the slit and the trough to send parailel light
through the trouch but the advantage 07 getting more
distinct lines is counterbalanced by tre disadvantace of
bringing tne lines closer togetner so trhat the lens was
lei’'t out entirely.

The fiducial line o:n the screen was chosen exactly in
the center of the ortical beam s> that the light reaching
it would be rassing perpendicularly through the trough
end liquid and the distortion would be at a minimum. It
should cte noted here that the entire optical system was
fixed and ttut the standing wave- vattcrn was moved per-
renédicularly to the light beam.

‘'he sound trough was made of highx optical quality
plate gless and the edges were cealed together with par-
effin. The de.encions of the trouch were 6 cm. x 7 cm.

x 20 cni. The gless was surported by a bress franmework
wrich re.noved tension from the paraffin joints. Ceare wss
taken to make the sides of the trough throu~h which the
licht passed exactly parzllel to each otiier to prevent
distortion of the licht beam. At first a trough with a
brass base was used but chemical action on the brass by
the electrolytes made it necessary to ccnstruct thne trough
entirely orf gless. The traveling microscope base had a
fire screw reading to 0.001 cn., It was vossitle to esti-

mete one more decirral vlace.

. wa
In order to ret stativnary waves it;Hfrwcessary to use



a plane reflector which can easily be adjusted to be
parallel to the crystal. The reflector was constructed
by fastening a flat piece of glaess to & tlock of bake-
lite by means of paraffin. ‘''hese materials were used
becazuse no metal could be used inside the trough. .he
reflector was moved in the vlane of the crvstal by rotat-
irg tne whole block &and perpendicular to the plane of the
crystal by mecns of a plastic screw in the back of the
bakelite block. I'his screw could be turned against the
bottom of trhe trourh end thus tilt. the reflector.

The best way to nroduce ultrasonic waves is by use of
quartz crystzls. wnen a potential diiference is arvlied
to the faces of a slab of qguartz, the quartz will eitker
expand or contract in a direction normal tc the faces,
iihen the potential difference is reversed tke effect is
opposite to the first. 7T'hus, when an alternating poten-
tisl is anplied to the faces oI the quartz, the crystal
will vibrate and produce s.sund waves., 1ihe crange in thick-
ness of the crystel, and consequentlr tre varticle dis-
placerent in tne sound waves, is provortional to the po-
tential difference avplied. A piece of quartz has a
natural frequency of vibration derendent on its dimensions.
when the imovressed frecuency 1is equal to the natural
freguency of the cuartz the emplitude of vibration will be
a maxinum. ‘the crystel used was an X cut crystal with

demensions 2.5 x 2.5 x .11 cm. and a rated frequency of



1802 kilocycles per second. A thin layer oi 20ld was
evanorated cn boih sides of the crystal in order to rake
a good electrical contact without addinz arpreciebly to
the mass of tihe crystal.

iihen velocity reasurenents are made on organic liquids
the crystal may be in direct contect witn the liquid, but
this is not rossible in the case of electrolytes for they
conduct eectricity and will not rermit the crystel to
oscillate., ‘nerefore it was neccssary to isolate the
crystal from the solution. <there is am ad-itional ad-
vantage in the isolation ~f the crystal from the medium
for undesirable heating effects and disturting striations
will be mininized. ke metrods tried for the solution of
this problem are w.rthy of ncte nere.

raximur s und transmission occurs from one medium to
a third redium when evactly an interral number of half-
wave-lencths of sound occur in the intermediate nedium, for
certain specific acoustic resistivity relations. A pilece
of aluminum was ground until it was exactly one-half-wave-
length thick ©nd was tien vlaced in tiie end of the trough
with the crystal pressing against it from the oHutside.
Satisfactory transmissions were not obtained in tris way.
Then a very thin piece of copper foil was nlaced between
the crystal and the liquid across the end of the trough
with the idea tahat the foil would vibrete as a diavhragm.

But egein transmission of the ultrasonic weves was unsat-



isfactory. Finally, a thin rubber diarhragm was placed
around the crystal and crystel holder (fisure II) and
when this was filled with ethyl alcohol gcocd sound
transrmission was obteined.

The crystal holder is a slab of bakelite with two brass
leads to the crystal on one side and a clip to festen it
to the end of the sound trough on the other. 0One lesad
gocs to a brass plate against wihich the crystal rests and
the other goes to a phosvhor bronze spring which presses
the crystal lirntly against the vnlate as well as acting as
a leead. The crystal is thus held vertically in the troucrh
so trat the wave fronts move norizontelly across the lieht
be am.

It 1s essential that the front surface of the rubber
balloon be exactly parallel to the crystal face in order
that all portions of it will vibrate in phase. The bake-
lite element F (ficure 1I.) was designed for this ourvose
and also to keep the ruober from touching the svring or
crystal face. 7The elerent &L prevents the rubber from forec-
ing the spring too hard against the crystal face.

1'he space within the rutber enclosure must be filled
with a non-conducting liquid to give the best acoustic
transmission tnrough the rubber. uthyl alcohol weas found
to work well for this purrose. Tre level of the alcohol
inside the diaphragm was found to be quite critical for

if the pressure inside is even slightly different from



that outside at crystal level there will be a slight
curvature of the diaphrasm and it will be unable to vi-
brate as = unit. Thus the greater the density of the
liquid being measured, the greater nust be the height of
the alcohol. The zlcohol must be very pure in order to
work at all. 1f it becomes contaminated with a few drovps
of water or a tiny drop of solution, the crystal ceases
to vibrate at once. ine alcohol must ve changed about
every half-hour for best results, either due to & reaction
between alcohol and rubber or due to absorpntion of water
from the eir. '1his netnod of crystal isolation has these
advantazes: the unit is simnle in desien, the location
ard orientation of the crystazl is o:ly slichtly limited,
mechanical bindine is kept at a rinirum, and there is
very adequate ultrasonic intensity transriission into the
electrolyte.

I'nere was a considerable heating effect near the cry-
stal due to come of the energy of tre ultrasonic waves
being absorbed. Eecause of tne fact that the velocity
chanred with terperature in most liquids, trere was
therefore a very slight shift of the standins wave pattern
while a reading was being taken. Tkis was practically
elirinated, however, by carefully stirineg the solution
before each rexdine was taken. If unstirred, the temp-
erature cradient directly in the path of tne sound beam

may be as nmuch as three decrees in two centimeters close

- 10 -



to the crystal, but due to the largce volume, when the lig-
uid was carefully stirred t:.e temperature rerely increased
rore tnun 0.3 desree during one trial.,

In adjusting the reflector it was possible to get a
good standing wave when the too was one or two wave-lengths
ahe=d or behind the base. ‘when this condition existed there
was usually a discontinuity somewhere in the pattern which
could be seen to right itself wren the reflector was tilted
slightly. 1n order to eliminate error due to the possible
lack of varallelism between the crvstal and reflector it
was necezsary to always very carefully cset the relfector
where tiere was a pattern of maximun intensity.

''he acoustic crystal wes driven by a crystal-controlled
pentode oscillztor. <1he control crystal wes rated at
1206 I 0.035 kilocycles per second. <The oscillator tube
was an RK-20A and was operated with a direct current po-
tential of 1000 volts on the piate, 300 volts on the
screen crid, and 4o volts on the supovressor grid, all of
tnese being positive. [he power was supplied by a full
wave rectifier circuit with two 888 mercury veror diodes..
Radio frequency power wcos transmitted from the oscillator
to tne acoustic crystal circuit by means of a link coup-
line. ~he coupled circuits were rade as nearly aliXxe
as vossible so that thelr impedances would be equal.l
The acoustic crystal circult was composed of the cry-

stal in parallel with a coil & 4 a tuning condcnser and

- 11 -



in series with a thermo-am:-eter which indicated a radio
freguency current of « out .15 amneres wien the crystal
wus ocillating properly.

In the calculztion of comovressibility it 1s necessary
tnat the density be known. Rather than determining the
density exverirentally, tne density of the electrolvtes
to be measured for several cdifferent concentrations were
taken fror: the International Critical Tables4. Those %
concentrations were chosen such taat the molar concentra-
tions would be about 0.1, 0.5, 1.0, 2.0, and 4.0. Jensi-
ties were taiien for 85 degrees Clentigraie. The product of
desired percent concentration and density gave the amount
of solvent neces~ary to make one ml. of solution of that
concentration, ard tce dif'erence betvieen the density and
weight of solvent was trne amount of weater necessary. These
were multirlied by 500 as half a liter of solution was
nesded., lolar strenctis were conputed by dividing the
arount of solvent rer liter by the rolecular weirnt of the
solvent. ‘ihe szlts were veizrred on a fine cnernical balance
wrich could weizi to 0.0C001 <ram. i'he water was weished on
mechanical baiances waich wei~hed to 0.Cl rrais.

The szlts used were puker's C.F. The water wzs doubly
distilled and airfree, as any impurities were found to

chanze tne velocity of ultrasonics in it.



The trough w s tilled with solution to a level sligntly
above the top of the crvstal. L. 1s to.k about 450 ml. of
solution. sg=thyl alcondl was vinetted inside tre diaphragm
until it reached a level slichtly hicher trnan that of the
licuid outside. 1the cr-stal in the cuntrol circuit wss
riade to oscillate by tuninz the variable condenser until
the armeter in the vlate €ircult stowed & minimum va ue and
t-en tre co-denser ia tne acoustic circuit wss carefully
tuned until the amueter in sceries with the crystal showed
a deflection. Eoth circuits were .ery sensitive to a
si.all cnance in the condensers and had to be tuned very
carefully. with the licht beam from the slit pussing di-
rectly tnrough the center of the trough and the acoustic
crystal oscillating, the reflector was carefully adjusted
until brizht and dargx line could be clearly sees over a
large porticn of tine screen. :iie liquid was cerctfully
stirred and tihe temverature taken with @ Cuntigrade taerm-
ometer readings to 0.05 cemsree., . carx line in the rattern
was then carefully set on tke line on the scrzen at tre
center of the lirstit beam and the scaie reading at tie base
of tne trouch re.-orded. ‘the sarie line was then adjusted
to tke fiducial line three riore times anl then tre trou:zh
moved until 119 lines.bad vasscd tre $iducial line. after

stirrine an? recording temperature, ccveral readings were



taken on line number 120. About six readincss were taken
for ecca solution. gé mentioned previously, the fiducial
line should be at the center of the licht beam. 1his line
was easily found by moving the screen and observing that
lires on both sides of the center rove toward tre center
as the screen was moved towards the source.

10 check the crvestal freq:ency, a variable freqg:ency
oscillator was calibrated witn a standard frequency os-
cillator. ke stundard was frecquently checiked with a rad-
io station of xnown frezuency. 1ren, nixing the outrut of
tiie variable oscillator witn the outrut of tne acoustic
control oscillator by reans of an electronic rmixer, the var-
iuble oscillator wuas adjusted to zero beat in the earvhones
and the freguency read from tne calibrated scale, It was
possible to read this sczale to 10 kilocvcles per second and

tuo estimate to 1 -ilocyele ver second.

ITATIONS INVOLVED

. . -8
Sound waves whose wave-lencth 1s greater tran 10 Cliie

travel adizbatically and so the adiabetic compressibility

may be computed fprom the equation:7

l
G%¢ TV
where v is the velo€Gity of the sound waves and P is the

density of the mediun. ke following relationsiips also



exist: V = )@f‘(‘; - %‘

X
— A" T
@ts. - @34. -+ Cp TP

where éis_is tne isotherial convressibility, k is the ratio
between the svecific heat at constant pressure and the spec-
ific heat at a constent volunme,d&is trhe coefticient of
thermal exraansion, CD is the svecific hcat at constant
pressure and absolute temverature T, and J is the mechan-
ical equivalient of heat.

since tne densities were obtuinable in the International
critical 1abies4 and the velocities were meacsured, all of
the adiavatic cowvores itilities were computed.* 3ince
neither (%‘.nor k were known in the second ecuation for
most of the solutions it was imrnossibie to cormpute eithrer.
The third eguation is given mainly for interest as no
atte pt was mude to calculate (32,.. If CD and A were known
it would be possiocle to coupute ékxﬁﬂd rence k from equa-
tion 2. Approximate values for tnese can be found ian the
International Critical Tables4 and Landolt-Bornstein Physik-

alisch-Chemische wabellen®.

* All compressivilities were computed excert those for
zinc nitrate. liese cculd not be eccurctely determined
because tae d nsity was known only at 18° ¢. and all thre
data wus token at 25° C. The densitv for zine nitrate

listed in table I is for 18° C.



Salt % Conc.
by wt.

KNO
n
"
n

”

NaNO =

"

"

LiNO

"
"
"
"
dg(NOB)z
"
"
"

”

N N
zn(“os)z

”"

1.0
6.0
10.4
18.0
24,0
1.00
4,0
8.0
16.0
22,0
35.0
1.0
4.0
8.0
14.0
24.0
2.0
8.0
14.0
20,0
24.0
2.0
10.0
16.0
30.0

TABLE I

AV_RAGE DATA AND RzSULTS

lolar
Conc.,
0.0992
C.b13J-
1,090
1.987
2.753
0.11¢e1
0.4625
0.9¢12
2.093
3.000
5.216
0.145
0.594
l.212
2,198
4,007
0.136

0.571

1.046
1.565
1.938
0.11
0.57
0.97
2.06

Dens
g/cm

1.00324
1.03479
1.06093
1.11595
1.15988
1.0049
1.0254
1.0532
l.u(8
1.1589
1.2666
1.00287
1.02054
b2,04477
1.08276
1.15126
1.0119
1.0584
1.1079
1.1607
1.1¢977
1.0154
1.0.59
1.1445
1.3029

éty Tem?.

C

25.1
24.9
25.0

wave
length
incm.

08293

206458

.08615
.087358
. 08300
.083E6
. 08508
.08764
05911
.08¢51
. 09497
.085Q4
.08410
.0852¢
.08734
.08120
.08U34
.08540
.08746
. 08985
.09174
.08308
. 08449
. 08600
.09009

Vel.
in m/
sec,

149749
1511.7
15Q7.7
1556,1
1581.9
1499.2
1514.8
1586.,7
1582, 9
1622.9
1715.4
1499.9
1519.0
1539.4
1577.5
1647.6
1505.3
1542.5
1579.7
1622.8
1657.1
1500.7
15%5.7
1553.4

1627.2

Ad._g%mp.

x10

cmz/ dyne
44,425
42.2.8
40,387
37.007
54,452
44,274
42,502
40,208
25.898
32.722
26.827
44,330
42.666
40,391
37.113
31,992
43.618
39.709
56.169
32,715
30,400



TABLE II
CONPRESIIBILITY ANALYJIS

Salt Slope-k* Loz
KNo, -.0419 ,6518-11 44.85 x 1012
LiNog -.03632 .6500-11 a4.65 x 10 12
NaNOg -.0454 .6500-11 44.75 x 10
Ne(H0g),  -.0879 .6516-11 43.83 x 10712
62& for water = 44.79 x 10712 avarage = 44,7/ X 10-12

EIPIRICAL FORMULA

-k C
@4:?‘,6 \/:\/oy_gie{/r(?

KNO 4%\ _~.0764C
S = . - . O EXC
Q (#4.77 416" )= V= r49ce|Fats o
v : ~./10%5C .052AC
NaNe B =(ss.77ys0" ) g V = vqes Ll

- - - L9971 _ 01 EC
LiNO4 B = (477 40877) " F3C V""“"’"V—;:—e

—a0x3C

Le(Noglp 3 = (ww774/677)C V= 19506 232 =100 ¢

* The logarithms are to the base 10 so trat it is nec-
essary to multivoly k by 2.303 in order to write it in the

exponential focrn.
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TAELE I11

VLLOCITY FORLULA CHECK

Solution Molar vomputed lleasured Deviation
conc. Velocity velocity

KKO5 .0992 - 1499 1498 #1
<3131 1514 1512 £2

1.0980 1551 1528 #3

1.97 1557 1556 #1

2,705 1584 1582 #2

NaNO5 .1181 1500 1499 Al
4525 1513 1515 ' -2

. 9912 1534 1537 -3

2.093 1581 1583 -2

3.000 1625 1624 #1
**5.216 1743 1715 £28

145 1501 1500 71

LiNOs «593 1516 1519 =3
1.212 1530 1539 -1

2.194 1574 1577 -3

4,007 1648 1648 0

Nz(NOog ), .156 1507 1505 #2
.071 1540 1542 -2

1.046 1579 1580 -1

1.585 1626 1623 #3

1.938 1661 1657 74

** This point for NaNO3 does not anpear on any of the

curves because it was not convenient to make the scale large
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enourch to include it. 1t was ploited on se er

ol

arate vna

n(j

amad found to be considerably low so trhat the fact trat it
is so far off here is not due to an error in tne eq:ation

but due to an exnerirsnta. error.

Brrors occured :n tu:ing the initiel en?d {inal readinacs
of the rosition of tie trousn because of the difficulty in
setting a line from t.e vrojected stetionary —ave pattern
exactly on the fiducial line. 7The maximum va'ue of this
error vas judged to be 0.0020 cm. and, since the trough wus
r.cved between five and six centimcters, the muxi-um per-
centage error in mezsuring the wave-length wes I 0.08%.
This is for one rewsurerent. GCSince averases of several
rezsurenents were obteined, the averacze wave-lengths nhcve a
concziderably smaller raxirum error.

The salts vere wei~ned on a fine cherical balznce to
0.001 gm. and, &s toe ninimum amount vwei~hed wos & grams, the
maximur error here was I 0.0235. iiater was weirhed accurately
to 0.1 gm. and, tne minirun weicht of water used in one
¢ ncentretion teios 500 erars, the raxisum error here v+:s
20.03,,. ilence the maximum error in concentration w-s at
the :rost I 0.050. It is »nossible that there was an error
due to evuvoration of water from the solutions while the
reazsurements vere being taszen but such en ef’ecf must have
been very small and so it vwas judied to be a neglicible source

of error.
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The frequency of the control erystel wecs ra ed at 1306

z 0.03,; vibrations per seccnd. 'he method used for check-
ing the frecuency was estimated to be accurate within 2 kilo-
cycles rer second. lLeusurerents gave 1206 £0.115. It seem-
ed logical to assume tiuct tre rated control crvstal freauency
w2s tne actual acoustical frequency witnin the rated value.
The change of frecquency when the circuit was bveing tuned wes
w6 noticeavle as a beat note in the earrhones connected to
the electronic mixer but the variation was viell below the
0.0304

In 211 but t..e Tirct few measurerents (on KKOS) the
licuid w-s carefully stirr-d refore every reacing. This elim-
inated practica!ly all the roszirle error due to the existernce
cf a terrerature rcradicnt 1. the stztionary sound beam be-
tvween the crvstal cnd tne reflector. It cannot be assumed
ti.at the terirercture is everywhere exactly the same, but, when
the velocity crnanse i: pure vwater is only 2 meters rer sec-
ond rer decree (less for concentrated solutions), the error
due to temrereture may te consicered necligirle.

The tecmperature always gradually increased while a
series of neasureients vere beinz taxken on a solution. The
termercture ot the solutions wes t.erefore teiken iritielly as
24° C. and the readincs were token as the tertereture in-
crecsed so tihet t.e avera~e wruld be as nearly 25° ¢, as
possible. Trhe averuace value of the ter.ceature in the sev-

eral trials is the velue recoréed in Tavtle I.

- 20 -



The total maximum error in velocity was therefore es-
timated to be Zo.ll. This anmounts to a velocity rence

of Z 1,5 meters vrer second and a conrressitility range of

. -12 2 . .
20.227% or #0.09 x 10 cri. ver dvne (assumine the densi-

ties correct).

For velocity of ultrasciic waves in water at £5° C.

5]
Freyer ¢

ives tie value 1498.1 neters ver second. le

Q

states that his results sre nct accurate to less t-z2n one

reter per sscond. Eercrann

(’?

rer sec nd at £4° C. From Freyer's data it cen be shown
that the velccity ¢f s und in water cranses about £ meters
ver secund per desree at £4° C. and this correctioin woul
rake Eercrnann's velue 14S6 meters rer sec.nd at £5° C. The

value or ultresonic velocity in water wes found in this

research to be 1496.8 £ 1.6 reters ver second at 25° .

DISCUSSICI OF REZIT TS ernd CONCL SIONS

~

Freyer'J is the only one who was found to have macde a
conplete series cf measurements on electrolytic solutions
with the srecific purrose of investisga:ing the relation-
ships existin~s between concentration, velccity, corrrescivil-

ity, and temrercture. ! measured ultraconic velocities in

sives the velocity ss 1494 reters

in the sodium and -otassium haglides for several concentrations

and tcmvperctures and coinruted tre adiabatic comnressibiiities

arnd the ratio of the srecific heats. g rlotted corrressib-

ilities end velocity e=ainst per cert concentretion but was



unable to find any emtiricsl rclationcstin between them.
The results of tiis rescarch check rerfectly with a1l of his
conclusions &nd in addition two empiricel relationchinszs have
been deterrined. S0 far as the autnor fas been able o find,
no one has ever vrevisusly determined these two emvirical
formulas.

aren tie lorcarithm ol the sdiabetic compreszibility was
rlotted aceinst nmolar con:entration the resulting curve was
a strairht line. 1inis is tne deteriiining factor for en

exvonential reletionship =znd it ¢n te exmressed es follows:

PN

R =@ "< (1)

where(} is the adiabatic conrressibility of the solution whose
rolar concentration is O, 630 is the comrressivility at zero
c:ncentracion or tre coummr . ssitility c¢f nure water at tre

si-ae terrerature, and k is tie slone of the struieht line
formed viben the logsarithnm of comnressibility is rlotted aczain-
st the molar concentration. 3Jee Table 1I for em»nirical

-7 - [ IR — l\ 5 L a P *r
values. Since G%J,_ v /=@ it follows that the velocity

is retated to molar concentrstion in the following way:
T NC

V = Vo c* )

where V is the velocity of the ultresonic vaves in a solu-
tion of molar concentrstion O and density@, V, is the
velocity of sound in vnure water and (% its density at the

same teuavercture, (’is tre solution density, a:d k is the



sgme constant &s tnat in tne first equation. The relation
between locarithrn of velocity and molar concentration wes
found not linear. The cause is obviously tne variable
dencity factor. +thus it is rossi:cle to evaluate k directly

only by use of tle compressibility-concentration relaticn.

44

The valuves found for @% “rom Crevh 7 3 ®ére so nearly

equal for trne different salts that the averase velue wus
taken. ihis averase vazlue was 44,77 x ZLO“12 , while that
for nure water as calculated directly form the mezsured velo-
city and density wes 44.79 x 10-12. 'he value found from
the gravh for k in equation 1 was substituted into equation
2 along with the alrecdy inown fect:rs and the computed
vdues found to chieck vith the rec:sured ones with-in exver-
imentel error. (Table III1). Tzis is co:nsidered to be an
absolute creck on the correctress of tie twc formlas.
Equation 1 shows that tie commres-ibility decreaces
exnonentially with the nolar concentration, ‘his meeans tiat
for anyv €=2rtain increrent, the addition of each increrent
of salt to the solution causes tre sare fractional decrease
in comrressibility. [his is not ftrue for velocity beceause
tie density is =z function of %ie e-ncentration. It is well
known that when a soluble sclt is dissolved in water the
volur.e o1 t:.e water decreases. Ber:mannz (quoting Debye)
suscests the follcwing: when an ion, charged either posi-
tively or neretively, is placed in water the water molecules

are pulled toward the ion because of their hieh dirpole



moment. Lhe electrostatic vrressurs around the ions 1s of the
Jder of 10,000 ati.-svieres :nd cawses the contraction >f tre
water., inis electrostatic pressure causes a decrezse in
conpressitility in nwuch the same vay as‘does increcsing the
external press're. It seems logical that this effect should
decrecse exromentia . ly &s the number of ions rer unit volune
of solution increasses.

Eerg::ann shnvws t'at tie comrressibility for the monovalent
salt s> utiors is preatect for sodiun end ~otassium end slicht-
ly lecs for litrium. It is much greater for :sasnesium. ‘i'he
emvirical rosults listed in Tavle 11 indicate tiat addition
of mono-vealent vositive ions to a soJution lowers thrhe compress-
ibility exronentially end t:at tie vower 2of e is rracticeally
the same for all such ions. =1t oi.gh calculstions have been
made on .nly one di-valext ion, from the results one may
guess that, in general, di-valent ions lower tie compressibil-
ity exvonentieclly also but here the exnonernt 6% @€ ¢§, twice
as large. hus it a pears thut tine effect of incressing
concent ati.n on the compressibility devends mainly on the

ion crnarie and not on the mass or size oi the ion.
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