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In the fall of 1946, Workman and Reynoldst discoversd
that potentials wers éswiag#é when dilute sgueous solutions
were frosen., The potentiale were messured bswa &n une
frosen solution end & metal freezing bass, They found this
phenomsnon oceurred only when freesing was taking plaes,
and no pobentisl sould m_amm if the freeszing stopped
{or melbing begsn); further, the sign and megnitude of the
potentisl depended upon the concentration and nature of the
solute. The potentials were capable of meintaining currents
through an external resisiance up to about one microampere.

Yorkman end ﬁ&mmi tested many substences and
found that sope compounds produeed & positive and othevs &
negative potential of the liguld phase in relation o the
80144 phase, They found that the behavior of ssmonium apd
fiuoride ions was most oubtstending 2nd offered sugrestions
ta. sxplain the behavior of these ions, They sugzested that
the charge separation was the resuld of the selsctive

incorporation of either the snlon or cation into the ice.

viﬁ J. Yorkman and ., B, Heynolds, "Hlectrical
senomens Ocowrring During the Preezing of Dilute Agqueous
.%gmﬁim snd Thelr ?&stib&a felationship te Thunderstora
Zlectrieity,” Pnye, Rev., 78, 254 (1950).




2
Workman and Reynoldsl, Schsefer, and ¢111% nave
shown that there 1s an "optimum concentration” whish produces
‘ wm freezing potential under open cireuid conditions,
ﬁyﬁm concentration is defined in this work as that
congentration of sleotroiybtes whieh zives the mex mum
potential when solutions of different soncemtrations are
frozen under otherwise identical mkﬁm,
Drost~Hansend heve shown that the optimum sonsentration whish
results in meximum messwred charge separation (over a wide
g of external currents) coincldes with the opbimum
consentration whieh results in maxisus potentials within the
experimental error,
Garlin and Drost-iiensen? have mwasured optimum
concentrations for forty compounds and have noted a re-

lationship between optimun soncentration and sutropy of

relationship between the incorporebilit
ionie redius, The incorporab 111ty of an ion 1s defined

88 the tendency of an fon to be taken into the ise relative
%o & partieular fon chosen as &

" Pyincent J, Schaefer, "A Gonfirmation of the Workman
gﬁml@ %‘fi’tﬁgg gm* %&?g* AL m flm;vi

52, %, B, G411, "Sleetrification by Mzzag
Gpitish Journal of g;sgﬁ.ﬁgé Physies, Supp. #2, p. 516 {m&sh

4, 7. carlin and ¥, Drost-Hansen, {unpublis
r&gﬁﬂ? Eiﬁ%; »




- ¥ost of the studies of thess phenomsna have 1 ':t','_':
_m femkm of iee on =& solid mem%* mmmg, Brook
| and wuﬁm %ngms have noted ns"ans

. m the freezing bases have been pretrented by ﬁlﬁﬁwﬁlﬁ&*
,&t the Wsﬁm of Dry By do %&m the suthor under=

the aaturs and w&arﬁs&ﬁm of Mmmm &ﬁﬁiﬁ&m
: _m tw,ﬁ The results a: these studles sre presentsd in
this Wfﬁﬂﬁ

B

z&t Hexise Institubte of Hianlng and Teshnology,
nderstorn Rlsetricisy”, U. &, W Signel Corps Hesearch
Project 179-5, Repert ﬁﬁ, o § {1985).

%xm Drost-iansesy i,?a;ﬂm;

leations )},



CHAPTER 1

EAPER THANTAL PROCZDURES

The eyulpsent used in this investigation is similer
to that deseribed by Torkman and Reynold :

5"« The squipment,

materisls and methods of measurements are cubtlined belows

Hquipment snd Heterials,
mWaﬁi% of %&aﬁﬁa&;

Chwmicals used in these oxperiments are comsereislly

ands meeting A.0,8, standerds, The x-aia&im

ars preparsd by weighing the compound and digsoliving in lon

exchange water (23 megohm om reslstiviby) to meke one 1liter

of 1072 wizx%sﬁam* Othsr concentrations are #a%a by

dlluting the 10°% ¥ stoek solution using ion sxchange water,
Freszing Cups,

The fresszing cups used in this work were desigasd
80 a8 to have a flat freesing bess of a thersal and
elsctricnl conducting materisl with walle of & chemnfeally
inert, elestricsl non-conducting meterisl. In these
riments, teflon was used for the walls of the freszing
aﬁp&,i The bases wore made of solid copper, seolid aluminus,

Sxpu




FREEZIBC CUPs

R | FIGURE 1




6
solid carbon, niskel (plated on copper) and gold {plated on
sopper), Figure 1 is & pleture of soms typical freszing
oups,

Refrigeration.

Teo mfﬁgﬁmma were used in these tests, Iaeh
| refrigerateor is fitted with a large copper rod in M
contact with She refrigerating surfacss ta#mitm to
the top of the refrigerator wherse 1t is used ss the
freszing block, One freesing block was maintained at &
temperature of approximetely -20° ¢, and the other at a
temperature of approximately =659 C.

*,g 53 ,; 5 &Nmﬁiﬂﬁ*

he apparatus for measuremenss of potentisls and
eharge sepsration is shown in Figure 2, It consists of a
vaguum tube electrometer, shunt zasis#&m, and a Brown
recorder. The maguitude of the shunt resistsnce was
chosen such that the resultant voltages to be measured wers
red to thermal and conbtact potentials,
Thermsl and contset potentlals ave rarely lerger than one=
nelf volt,

relatively large compe
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Hsasurements,
Potentlisls,

The measurement of fresszing potentials is performed
under open cireuit conditions, i.0., infinite external
resiztance, 7This messurement gives the potentisl dlffersnee
between the unfrosen solution and the metal freesing buse.
The eleotromster used has an input :.‘tsism' of approxi-
mately 10%% olums, |

Charge Separation.

To messure the smount of charge sepapation, & shunt

resistance is added to the eoircuit allewimg an external

eurrent %o flow, The potential differsnce aeross the
known resistance then persilts the caloulation of ths curreal
in the sxternsl cireuil,

Consentration of ilkali Ions,

The conseniretion of the alkali meisl loue in both
the liquid snd solld phase was dotermined using the Nodel
B, Beckman Flame Spectrophotometer. The standard procedure
of somparing the solution of unknown concentration with
standard solutions was followed, It proved impractical to




9
aitempt to measure the halide concentration by ordinsry
~ analytiesl means zt these concentrations,
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CHAPTER 11X

£ peries of measuresns '
the material on shich the iee formed had any effi

ot on the

ohleride, runs wers made with freesing cups having beses
of nickel, gold, sluminus, copper and sarbom, These runs
wore mede using the sams Treesing blosk at approximately
n-%* €. The beses, made of different wmaterisle and
difforent lengths, hed different thermal eonductivities,
The caloulated thermsl conductances sre tabulated in Table

m rasults of &a&m msma&: are m ?& Figur
&. Table I is the summary of the sharge ﬁgamﬁ%a aﬁ%
optisun comeentrations messured in these experiments.
These measurements were meds with & shunt resistanss of
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therefore, to st

 in Figure 4. It csn bo seen from this g2

_ 13
pependence of Uptimun Concentration on the Freesing Rate,

The heat conductivities of the fressing bases vary,
resuléing in diffevent fyeesing rates; 1t wes of interast,

sdy the effsct of the freesing rate upon

the optimum concentration, Runs were mede using solutions
of potassium ehloride on freezing blocks at different
Semperatures, Using s nickel plated copper bess and &
Mzmg bleck teupsrature of aboud «20° G.y sn 1nitisl
santing to about 0,104 gmole ring
firet minute was observed, while for & temperature of aboub
-§89 ¢,, using the same freszing ocup, an iniilsl Ireeszing

winute wes measured. The resulte of Shese runs are plotted
optimus concentration changes from 3 x 107% at ths lower
freszing vate to 7 x 1070 for the higher freesing rete.
4t the seme tims, the maximum measured chargs

separstion
inereasss from 0,134 to 0,348 sisresow
© To investizste the andy

sishs /eecond,

mt of potsssium lon incorporated

into the ise for different freezing rates, a solution of
10"% # potassium chloride was pertislly fmeg 2t two
different freesing rates. The lce and %he unfrosen solution
were sepsrated and tiw ng;m of potassium in both

d with 8 flame spectrophotometer. The
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resulte of these runs are plotted in Figure 5, It ecan be

seen from Figure & that, as more lee forms, the concentretion

of potzssium in the e0lid phase deereasss, Also from Figure |

7, we see that a5 more ice forms the freesing rate descresses,

Thus, the decrease in potassium concentration in the sﬁmﬁ

phase must depend upon the freesing rate,

| The total measured charge separation for each fressing

4 was caloulated and plotted against the smount frosen. The

T caleulations were msde for both freeszing rates, and the
resulis are plotted in Flgure €, It iz evident from the
graph that the total charge separation is directly propor-
tionel to the smount frosen; the proportionality constant
is determined by the freeszing rate.

To ses 1f the addition of emsonium fons would influence

: the concentration of the potassium ilons imcorporated inte

" the ice, & 107% u solution with respect to both potassium
caloride and msmoniwa carbosate was frosen, Although the
addition of the sammonium ion bo the potassium chloride
caused & large change in both the sign and megnitude of

“ the mpasured charge separsted during freezing, the

coneentration of potsssium fon in the solid phese 414 not
materially change, It appeare that the presence of
asmonium fon in the solution doss not influence the amount

of potaselus lon incorporated inte ths ice,
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Sffect of Slectrolytiec Trestment of the Freexing Base,

“hen s solubion of ex

won fum ghiorvide ig frozen on &
niokel bese, & measursd chergs separstion is observed such
that the Meﬁz&é phase is negative with respeet to the
aplid p&&#&; if before frsssing, how

ver, & current is
paggsed through the solution using the Ireeming ksgi um
negative %zﬁggwﬁﬁf the measured charge separation e

up ts forty times the measured sharge ssparstion 1[f;'jf )

base wes not subjected to slectrolytie mmm m. |

effect hes been noticed by Reynolds, Brook and Gourley®
and Drost-Hansen® and has lsd to an investigstion Qf tais
effect by the suthor, Ths eserlisst studiss of a more
gquectitative paturs of this phenomena wers those of Carlin

snius ehloride

and Urost-Hansen?, whers the behavior of semw

soiutions wers observed shen %ﬁ&ﬁ on & niskal base,

"Ueing smmonium ehlorids,
aﬁm&z a@&& 3;&&&6 throu ’_ 3 %&&a soiution before
freszing,. The $ime mé surrent wags msasured
and the musber of coulombs celeulated,
Immedietely after this Srestaent, freesing
wes sllowed o take place and the smount of
charge sepereiion was seusured, & plot of
gcharge sspursticn versus soulosbs pested
through the cup in the pretresiment is sbown
in grsph belew {Figure & in thie paper). 4
mazimum, or leveling olff, 13 a%s&mé for
&g;gma&mﬁgaly 180 = 107° goulombs, This mumber
;ﬂ;g be convarted inte the mm af fons pery

froezing bsse,”
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Using the method deseribed above, a solution of 35 x
1074 u potassiuve chipride was pretrested in cups with
different Irsesing

base meterisls, such a8 gold, sluminum,
etc, Heasurement was mede of the current applled during |
prefraatment and also of the measured charge mmm
during freezing, nts am
shown in Figure 9, The wntzsated Deses fnvarisbly yi&}.ﬁ
the largest masured cherge separstion. The mensured
arge separation ﬁam&%s to a lower, mhtiwizf m
value irrespsctive of the ﬁmﬁm of the ourres 3 |
ém‘ﬁ.@, pretrestusnt, The high valus for en a;mm, » ﬁ

pretrested wilh an oxygen lsyer may be that the axggﬁn
combines with the aluminum to form slumine (A1,04) w@ziﬁh
would have g. conductance betwsen that of purs ﬁ.m:ﬁa and
& laver @f oxygen, Thus, the effects of = pretrested base,
when using potassium chloride selution, do not parallsl

the sffscte observed when freszing an smmenium chloride
golution,.

Yhen the bage is pretreated, & gassous laysy ﬁ
deposited on the freesing base and the meessured charge
geparstion 18 guits éii’faﬁn% from $hat messured for an
untrested base, Thus, it iz of importance to find the
moet efficient method of mwigg, the gaseocus slectrolytie

layer, The following methods were studled %o determine
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how effeetively thie layer eould be rasoved,

" If thers 1s a delay betwesn pretrestasnt and

| freesing, the gassous layer should dissolve snd diffuse
inte the gﬁiﬁ%im; feay runs were made to sew if &
ﬁlﬁﬁim&ig& sould be found Dotwsesn sue »

Stirring,

Tue sclution wae stirred after pretrsstasnt with
& glses spatuls st 300 revolubione per =inute, The resulis
were slmllar to those deseribed sbove,.

Ultrassale Vibretions,

& solublon of smuonium shloride was Firet frozen
on a5 untrested base and the messursd sharge sepsretion
regorded, The bass wes next protreated {bass both negative
#nd positive) end tie meseured shargs separation sgein noted,
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N ﬁﬁﬁﬁﬁ.y?ﬁﬁﬁgﬁﬁgé but this time subjected %o
ultres

onie vibratlons and the measured charge seperstion
resorded, Ultrasonic waves with s frequency of 22 x¢

wers applied to the bese from & ¥ull

ilaerd ultrssonic trans-
The results {tabulated in Table ID of thess runs
are of a qualitative nafure yather then quantitative, since

no absolute messure can be assigned %o the

ancer.

#ﬁfﬁ%i&%@g'ﬁitk
which the vibrations can bs applied to the base, In svery

case where the base was treated with ultrasonic vibrations
alter pretreatment, the vaslus of kht_ag¢§aﬁ‘§ eharge
separation returned %o & value nesr thet found for an
untreated bese. This showe that the gaseous alsgirolytie
i&yér is largely resoved,

Table II esults of Ultrasonic Vibrations on & Pres

treated Besme Usipg an iAmmonium Jerbonate
Solution,

Charge on < ?i&r&%ﬁ%&A§£ﬁ#

Zons : o

Hegative o
Hegative i
Positive g

i

.

Fositive ié

IpprosismiB1y 6956 GROUARE OF preLrestient ourrent was gassaﬁ
t%??“:ﬁ gil %ﬁa samples, Cherge separstion seasursd aoross
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DPISQUBSION

The investigations dssoribed in this thesis are
concerned, prineipslly, with two preblems. The first
probles iz to determine the offeet of different freoezing
bases on the efficiency of messured charge amﬁan; the
: mm iz %o determine the effectes produced when the base
hes been pretrsated wz'm Ireesing,

iffect of Differeunt Freesing bases on the Heasured Charge
&tmﬁm

The bases used in these experiments have different
thermal conductivitles; thus differeat freesing rates sm
result when ueing the sams froszing block, The difference
in the freszing rate has been shown to affect the amount
of ions ineorporated into the ice. Furthermore, variations
ia the meximus messured charge sepsration have also besn
noted, These variastions are evident from the graphs in
Figure 3, which show the maximus measured charge saparation
- @nd optimum concentretion for solutions of potussium
ehloride frozen on several different bases, Additionsl
faoctors which may affset the measursment of msasured gharge

ssparstion sve: 1) supercooling of the solution; %)
meehenieal lag in the resording iwtmas’; &) absorption
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of gases from the atmosphere; 4) changes in the resistaence
of th& bulk iee snd interface az ¢ funchion of temporature,
The data reported in this thesis indlente %hs% the f¥a¢sgng
rate is the most important of these feetors, .

- Huns wers mede to note the effect of the freezing rate
on the imeorporstion of lons into the ice, Figure 4 shows
- that an increase in freezing rate changes the optimum
concentration %o & lowsr vslue and increasss the xﬁgaa?sa
charge sepsration, This behavier rsises the question as
to vhether this resulis from inersased zaaargaéaﬁiﬁa_ﬁr
chloride ions slone or from ineorporation of sdditional
potsssiuom a¢ well as ehlorids lons, A |
Using the flame spestrophotemster to determine the
@ﬁgﬁﬁﬁﬁ?ﬁ%iﬂ# of potassiun lon, it was noted that an incresse
in froeezing rate from 0,11 %o Qsiﬁ? gmols of ice per minute
resulted in a teanfold inar&a:a in concentration ar potsssiun
fon in the ice {zee Figure 53. is freezing continues and

the ice thickens, fewer and fewer potassium ilons ave
incorporated into the iee. This behavier ia_%a‘b§ §$pe§$§é
since the freesing rate decrsases ag the ie&-%ﬁ%@k&%aﬁ

It may be seen in Figure 6 that the totsl smount of
mesasured cherge sepsrstion is firectly propertional to ﬁﬁa
amount of solution froseni the gwegﬁpﬁiaaaiiﬁg~a§%$kaak
depends on the freesing rete., It was shown that the
‘concentration of potaesium lons in the ice incresses with
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an increased freesing rate as long 2e %the iee forme in a&n
orderly manner and iz mecompaniad by 80 ineressed messured
aﬁarg& separation, Therefore, the concentratien of shleride

iaas in the lce must slso inersase but by 2 grester
proportion, _
It iz important t@ note that sddition of samonium ion

to potsssium enloride solution doss not materislly affect
'iaﬁarpera§£aa,a£ potassiun ion inte lee, The messursd
paﬁaa%i&i changes sign however, indienting thag ammonivn
ion 1p 3naaryar&%§é* Since the concentreiion of potassiun
ion in ice is unsffscted by the presence of other fons in
solution &nd is also independent of the slectrissl tehavior
of the solution during fressing, incorporation of potassium
fon must be & praperty of ice and the fon and b independent
of the freszing base,

Carlin end Drost-Hansen? neve shown thet & msasure of
ineerporability of fons in relstion ko incorperability of
azmonium fone oan ba obiained in the following mﬁnnaé,
fmmoniun lons sres asdded in inereasing amouants to & solution
whose ligquid phase freesing potentisl is positive relative
£o 1ts solld phase, until sush poteatisl aiffersncs
decresses to zers. At this point, the sams totel amount of

negative and poalitive fone mrs incorporated,. The ssount

ef fons in solution are %ﬁa@&g therefore, relative
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ingorporsbilities oan be ﬁ&isalataé.if an arbitrary value
of incorporebility is assigned to the smmonium lon., The
ingsrgaﬁghiiiﬁiﬁa of ions relstive to the ammonium ilon
~ #now a definite relationship to their lonie redit,

From the sbove information, i%.has been established
that 1) eation and anion are both iné@ry@rataé into ice
ﬁak in different amounts; 2) incorporability of potassium
don inﬁraaaéa with inereasing freszing rate; 3) total
‘gharge separstion inereases with increasing freezing rate;
4) addition of emmonium lon does not affect the amount of
potassidm ilons ia&srgarétaﬁ inte ice, but changes the
measured charge separation showing that amsoniun lons are
also incorporated, There aleo exisis a relstionship between
the 1naﬁr§e§ah§1itg.af the lons and their donie ra&ii as
shown by Oarlin and Drost-iansent,

The incorporability of ions in ice depends upon the
properties of the ions and the ice and on the fr@ez&ng
rate, but not directly on the type of meterisl on which the
ice was formed, The relstionship between the incorporability
and the freezing rate sestsblished an indirect relationship
between ineorporsbility and type of material used for the base
ginece the freezing rate depends in part on the thermsl
eonductivity of this mebterisl,

It hes been found that smell changes in the freszing rate



have listle or no ﬁff&ﬁ% on the ﬁg&iﬁﬁ& conse; _
This is seen in Figure &, vhich shows the gg;ﬁ.gg ﬁ&?ﬁ*
tion for different freezing bases. Though the & Li__ﬁ ,
conductivities of the beses differ, the optimum $ﬁ§¥ﬁ§$2“”
tien in all esses is approximstely 1.6 x 107% & ﬁ%&, ‘ 

Ths messured charge sepavstion, however, is %tr@ngxi,
depondent on the fressing rats. This dependense is
partisularly notable when the tﬁiﬁkiﬁa_{aﬁaréﬂawzggj;;;;
resulta 8 large initisl messured oharge i#gﬁxti$ﬁ§§ i::;;”
subsequently veturns to the novmal value as the freesing
progresses,. In Teble 1, s notiseable chengs in maximuam
meagured charge sepsration is resorded for KCL when frosen
on ﬁiff&yaﬁ% bases, |

Yhen & dilute solution fresses, the amount of ions
incorporated inko the jee is iﬁﬁﬁﬁ&ﬁ&&ﬁ% of the aﬁaﬁ, but
the messured chargs &&gﬁr&%ﬁ@a;aay d4iffer bsesuse %hs

raaiﬁﬁﬁﬁas of the bese-lce interfase varies dus o

sdzorbsd geses, surface oxidation and other surfmce

phenomens ,
Effact of %&ﬁﬁﬁ%ﬁ%?ﬁi&_%?ﬂﬁ%ﬁ#ﬁﬁ of the Fressging Hass,

dariin and Urost~Bansen® heve shown that when s nickel

freaﬁia% base is zade the sathode
pretrestasnt, the effeet of freesing sn ammoniw

in an elesetrolytie




38 to ingrssse the measured chargs geparation,

®One possible way of interprating the ia%mﬁs&ﬁ
chargs g&mﬁi% ie by assuming that the
surrent passed through the slectroiyte in the
pre-trestument hag a@mrﬁaﬁ the bass to & =OTE
or lese reversible hydrogen alesctrods by the
deposition of free | nydrogen {Zase negative during
pre~trestment ), Assume therefors ﬁm*& the most
afficiont amrgs separstion cOrrespo nds to {8t
isast) s sonocmolesular layer of by '?ﬁm on the
base, Fe oan tmn celeulste the ﬁmw of

e depesitsd hydrogen from the e m&ﬁaﬁr
ited, In this manner Bhe radiuw

:;ﬁ oge .z:a wmaﬂ% is found to be. 1 xﬁgam
ggm&mga% with what one

s it ssems sstablished that

' éws.ug wm tmen
deareased gmi&a&lx.

“hen potessium anlorids iz frosen on & pret:

{pase either positive or negative during mﬁm%ﬁ‘aﬂ,
mepsured charge ssparation always decresses, This ia zg‘.}znt
aiffersnt fros swonius chloride, which ?sm% an incressed
messured ﬁmrga geparation ﬁ’g@ g hydreogen layer on ﬁm bees
and o dscoressed measured charge separabion for an @xgggsa )
layer.

This phencomenon o&nN ;wmihiy be expiained by cﬁ&siésﬂug
the work funebion of the metal bsse, The work fumeiion is
e energy vegquired to transfer an slectron from the metal
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to & veewsm, Hakey and Baltz? have shown that the ensrgy
required to transfer an slsetron from & mebtal o o '
dtelectric 11guid is less than that needed to remove an
elsetron from a mebal $0 & vsewum. They bave also shown
that & layer of hydrogen on & wmetal surface will dsersase
the work functiom while s layer of oxygen on s metel surface
incrsases the work funetion, thue chenglng the snergy

aecessary for removing an eleoiroen from the metal, This

would in effect changs the conductivity of the basge~ice

interface,

Applying the theory of increase or dsecrease of the wm :
function by & gaseous layer on ﬁm freesing base %o W |
w&%&&ag we peb mgg when amsonium shloride was zmm,
a0 ’ﬂ& fon was selectively incorporated into the foe,
the ies would have s positive charge and, fax %Wuk%
flow, sleetrons would have to transfer from the bass to
the fee, % layer of hydrogsn would facilitate flow of : -
current tarough the base-1ce interface by deereasing the
work fusction of the metel buse and increasing the sbilidy
of elestrons to transfer, - e

Tiaward B, Baker and Howsrd A, Balts, "Thermiond
. Smmiseion into Dieleetrie Liquids”, Phys, Rev., 51, 27
I em indebted to Dr. Herks Brook for salling my atie
 to this srtisle. NN £




Figure & #hows hov tho measure
iﬁ#ﬁé&a&ﬁ $o 2 mezisus valus ag :f 3
pretreatment and then decrcasss, €
have shown that mexlimus measured f?:
chloride solution on s p3
wnen & monomclecular layer of hydroge!
on the freesing base, Any iééiti*'v' surre: :
during pretreatment would start & i&iﬁ&ﬁf:s ?:/ :
 depositing on ;aﬁ'?:';xiag %&utt A ;iaaaﬁ.iﬁﬁﬁ? of ﬁgﬁwﬁﬁﬁl
incresses the thicknese of the gaseous layer wi
| tron travels through the
~1a§a¥£§#& into the lce, kﬁgfahy»éaﬁxaﬁﬁi%g_ﬁha zﬁaiﬁrgﬁ

assonivg

ia turn,

inereases the dlstance the el

eharge separstion.

ﬁﬁ&a,ﬁhg bese is positive during pretrestment, %.1ﬁ§$¥
- of oxysen is deposiited on the base, This lsyer of oxygen
incressses the work function which decresses the abillity
sharge

for slectrons to Sransfer; tiherefore, the messured
seperstion dsoreases,

 %hen freezing a solution of potsssium chioride, chloride
fon i= :@3&#&%1&13_%#&393@%&%&& iate the ice, The icve
asquires s nsgative cherge and, for surrent to flow,
electrons have to move from the loe, Shrough the gas at the
: iﬁﬁ@?fﬁ@&; &ﬁ‘%ﬁﬁ}%ﬁﬁ#@ The gae decresses the conductividy
- of the base-ice iﬁ%&gfﬁea and lowers the measured charge
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separation. Ia this case, s layer of either hydrogen or

Forkman snd Truby® have shown thet ssmples of 1ce

frozen from sesium fluorids solutions may act as a

roctifier, They studied the rectification phemomenocn in

sueh detail and sumearized the characteristie benhsvior

 for a rectifying system ss follows: |

"l. If oxygen is already present at an slsotrode~
iee interface (deposited by slectrolysis
méiagﬁy before the fresszing of the

mple ), pelarization gewerally will nob
Mmsz» when this slsetrode acts as the amaﬁa*

2. If bySropen is zlready pressent ad an
slectrode~ice iﬁ%ﬁ?’f&% {deposited by
elsctrolysis imediately before the fraszing

- of the Wiﬁ; y&am;«msﬁim will scecur
when this a:ﬁea%wéa acts ag the anod

ﬁ’v"& ,!.

%3, Then s platimum slegtrode is frozen onto the
‘ ice sample {in this case with no appreciabls
amount of gae present at the slsctrode-ice
interface}, 1% is found thet polsrisation
eocurs imsedistely whon the potentisl 1
spplied in sueh s direction as to maks this
alectrods the anode,®

They slsc have shown that initial eleetrical treatment
of & cesium fluorids contaminated ige sample may affoct the
rectification characteristics and havs presented the
lféi;wiag example, |

iﬁ* J, ¥orkmen snd F, E. Truby, "The Zlsetrical
Froperties of Pure and ?133?1@@@%&&m Ise”,

Unpublished paper (1955).
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“3; fivoride-sontaminntad ice saspls, is removed
- fros the Teflion oup of Fig, 1, 2nd "elessn®
platinus elagtrodes froven onto bokn ends, 2n

- sxternal euwf is applied to the elselredes, and

is tous electrolysed to the one elsgtrods,
and Bg %o the other., The surrent through the
sampld, for the gliven applied voliage, will
incresse initialily with tise az toe zsg%gs of
ges at the elsotrodes become more prozinent,

Then the steedy staie has been resched, the
externel emf oan now be reversed, saa#ing
polarization o ocour st the &ia&%reé# whieh
waz origisally the cathode, 4 restifler heas
thus besn forsed in which the dirsetion of
eegisst curvent flow has been established by
the initial slectrical trealment of the ssuple.”

It ie sugsested that the meshenism for rectifisation

ef the ice is the seme e previously described, 1.e8., 8
hydrogen layer on & metal lowers the work functlon of the
motal, thus the energy nesded to trensfer electrons from
the metal to the sexmi-gonductor (the lee) via the gaseous
- layer m redused; = leyer of oxygen increosses the energy
| fz%a;gm.ﬁ for this proeess, It ma' been shown, in this
paper, fron messursd cherge separation messurements of
smmonium chloride frosen on & pretrested base that a layer

of hydrogen on the base allows the measuremsnt of a large
smessured charge sepsration, while s layer of oxygen
decreases the messured chargs separation to practically
Z6T0,

Thus this mechaniss will ascount for the large values

of rectifiestion found by Yorkmsn snd Truby®,
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Reynolds, Brook snd Gourley® have found thet 2 bsse may
retaln some products of slsotroiysis for at lssst one nour
- after pretreatment, The length of time the hydrogen layey
is retained depsnds upon the affinity of the metal for
hydrogen. A pletinum or nickel bass retains o gﬁa%gaagﬁé

hydrogsn zggar longer %h&a_a gopper base under the a&gg
sonditions,

The adsorbed gas at the interface may be resoved by
seversl methods, It may bs removed by allowing the pre=
trested bese and solution to stand withoub epgitation.

Haay tests indicate that the sessured eharpge separstion

returng %o normal efter the ges disscives and 4iffuses
into the solutlion, This 15 & very inaffieient method for
removing & gaseous layer, The rate of dissclution depends
on the smount of sglitetion and, in this ease, vwith
practically no agitation 1t would teke e long tilme; also
the solution sbsorbs gases from the stansphere, such ag
carbon dioxide, which affest the measured charge "
separation,

The wost efficlient way for removing the products of
elegtroliyais fros the interfeace ies by ulirssonic vibratlons,
Richards® has shown thet secustieal emergy can produce

“Pgilides T, Bigherds, "The Chemteal Sffssts of : asgh
F?ﬂ§¥$$§§ Sound Faves®, A Study of Smuleifying é&%iag’

Jour, of Amer. Chem, 3@%¥,,“gg 1784 (1929).
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viclent egitation &t sn Interface. A% the electrode
surface, therafore, conventrstion differences Lebween
interface layers and bulk solution are reduced and the

ed, Barnartyil
hes shown that, when the produsts of slsetroiysis exist

products of elegtrelysis are largsly ronov

28 8 coating over the %ﬁ?fﬁﬁﬁ of the sleetrode, ultrasonic
agitation glives rise to gonsiderable dspolsrization by
removing thie lever,

On spplying ultrasonis vibrations to the base, sven
for only & short period folliewing g?ﬁ%&#:#m&n§¢-§§§f§a§§~
| ailarly o an untreated base., This result
indicates thet the products of slectrolysis are larpely

§§§£ﬁ§&ﬁa 81

removeds

zﬁéa ﬁa?§a§§§ "me effects of Ultrasonie Yaves on
ilectrolytes ﬂﬁﬁv&$$$§§ﬂ§§ Frocesses”, Cuarterly Reviews,
Ches. ﬁﬁa* of Is VIl, {1§$§§: '




CHAPTHER ¥
SUMBARY

The smounts of lons ineorporsted for = given rate
of fressing depend on various properties of the ice amd
the ions, snd sre independent of the materisl on whieh
the ice forme, The amount of ions insorporated is very
dependent upon freezing rste, A change in tmsi% rate
ghanges the ineorporation of both positive and negative
fons, The effeet of varicus freesing bases primerily
changes the freesing rate beecause of differences in therwmsl
sonduetances, | |

Protreating bsses besfore freezing results ﬁ: the
deposition of & gesoous lsyer which changes the work
funstion of the base and mey cause a changs in the
meagured charge separation., This mechanism 1s aleo
suggested %o explain the rectification of lce deseribed
by Yorkman and ?r\%’b?g» Bleetrolytie produets deposited
on the base influence the measured charge separationg;
it iz of interest thersfore te study processes by which
such layers may &a r#&w&ﬁ* in efficient method sprlies
ultrasonic vibrabtions to produce maximes &gﬁ%&tiﬁa at the
liguid-solid interface,
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