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ABSTRACT

" In this investigation, the ‘distribution of ions in a Dowex~50-Water
System, was considered., Within the limits of experimental error, the
data support the "bound-water theory" as it relates to ion distribution.

The actual distribution of Cl as determined with 013 was compared
with the apparent distribution as determined potentlometrlcally with a
Ag,AgCl--reference electrode pair. The discrepancy (corresponding to
as much as 93 millivolts) was attributed to a liquid. junction potential
at the resin-salt bridge interface. The data are shown to provide
qualitative, and to some extent quantitative, support to a theory pro=-
posed by Overbeek.

Any potentiometric measurement made in an exchanger-water system
and employing reference electrode with salt bridge is considered to be
subject to error from this source.
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INTRODUCTION
The convenience'and accuracy of the.electrometric method has led to
its widespread use for determination of pH of aqueous solutions., For this
purpose, the glass electrode is commonly used with a reference calomel
elec;rode. The potential difference between this electrode palr is

- related to the pH by the expression E ref = 0.0591 pH. Electrical

gl = E
contact between the calomel electrode and solution is commonly made by
means of a KCl salt bridge. Inasmuch as the equivalent conductance of
K and Cl are~nearly the same (76 vs 79 mho), the liquid Junctlon poten-i
tial (Ej) at the calomeI-sclutlon interface is considered to be negllglbly
small ({2mv.). The observed potential difference is therefore considereé
to be a reliable quantitative measure of the pH of the solution.
The question of applicabiiity of the electrometric method to ex- \

changer=-water efstems has received attention in recent years. A diffe;»

ence of opinion still persists--some contending that Ej

is negligibly small as it is 'in true solutions-=others contending that

in these systems

the Ej may be so large as to completely invalidate the determination. The
issue may be briefly outlined as follows: If the pH of an aliquot of_

che equilibrium aqueous phase of an exchanger is determined electrometri-
cally, it is commonly found to.differ from the pH of the slurry. The
phenomenon has been termed the "suspenSLOn effect”. In magnitude, it ‘may
range from zero to as high as 4 pH units, depending upon the type of ex-
changer, electrolyte content and other chemical properties of the system,
With respect to the.aquebus phase, the pH of the resin may be lower (pcsi¥

tive suspension effect) or may be higher (megative suspension effect),
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The ofiginal, and still popular, explana£ion for the positive suspenk
sion effgct attributes the lower pH of the reg;n to tﬁe existence of ut
‘ion "sﬁarms" at the surface of the particles. Being constrained from:
free diffusion throughout the entire system by the oppositely chargéd
.exchange sites, they are nevertheless .considered to be effective in in-
creasing the aétivity of the HY ion near the particle surface. A glass -
electrode placed near the surface of the particle accordingly is exposed
to solution of lower pH.

| Receﬁtly, evidence has been published which is interpreféd to mean
that the suspension effect may be due to an error inherent in the éléct;p-'
metric method. Accordiné.to this viewpoint, an appreciable_Ej arisés at
the calqmel¥suspension interface upon bringing the calomel in close
proximity to the charged particles. Eref accordingly cannot be considered
a constant and Egi = Epof is adéordingly not a reliable measure of the pH
in exchanger-water systems,

As is readily apparent, the.matter of detérmining the order of
magnitude of E; is a crucial problem, If it accounts for all of the sus--
pension effect, it may be lakge eﬁoﬁgh in some.systems to completely in=
vélidate any electrometric meaéufeméhts requiring the use of a salt bridge.
If Ej is low (of the order of magnitude of several millivolts of less) it
will not bé objectionabie in most electrometric determinationé. The pri=
‘mary objectives of the present investigationlvere to (a) quantitatively
determine E; in a particular system and (b) to study the effect of

several chemical properties of the systém upon its magnitude,
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’ o LITERATURE REVIEW.

Thé suspension.éffect w;s first reported independently by 3radfie1d
(9) and Wiegner (28) in 1231, Bradfield observed ;hat the‘poteﬁtiometrie
cally measured pH of a H+-c1ay suspension waé asi;uch as 3 pH units lower
than the pH of the equilibrium supernatant solutioh. The suspehsion
effect was observed regardiess of whether‘a glass, a hydrogen or a
quinhydrone electrode was used.

Bradfield suggested that the chemical properties of the H+-clay were
similar to those of a weak acid. 1Inasmuch as the negatively charged clay
‘particles.settled 6ut,'the assdciated H™ ions also settled out in order
to maintain electrical neutraiify throughout the system. The cléys, being
. weak acidé,‘éllowed_§ome dissociation of H' ions and effectively lowered
the pH of the suspension.

\The explanation by'Btadfield‘was widely accepted with little modifi-=
cation until about 1950, During this time interwval, E; was considered to _
be negligibly small, as it reportedly is, in true solutioms (19). In 1950,
Jenny ét al. (20) published evidence which was interpreted to mean that
the suspension effect is solely due to ch They interpreted their~resu1£s
to mean that the mobilities of KT and Cl~ are changed (increased And de=
creased respectively) by the presence of the négativel& chafged exchanger
particles. As.a resqlt, an appreciable diffusion potential arose at
the suspension-salt bridge interface.
| Davis (32) and Du. Reitz (33) have shown that the observed pH of compar-.\
able suspensions does not depepd upon the position of the glass electrode

but rather upon the position of the calomel electrode. Their observations
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are depictéd in Figﬁre 1, Cbnfifma?ory ob§érvatiogs were.ﬁgde in the pre-
sent investigation. Following the publicationéwof Davis (32) éndDuuRﬁkﬁl
'(335, however, a controversy arose regarding.the interpfetation of these
observations. The interpretation of JenﬁyAet alé'appears to be as.follows:

() 1f a;glass;caloﬁei'électrode pair is immerse& in the super-
natant liquid as in «(a), thé'Ej at-the c#lqmgl-solutgon ihteffa¢e is_
‘negligibly small‘(Z'millivplt) énd the observed pH is a valid indication
of the ay* in the mediuﬁ. . ; \

kZ) 'As,shown in (c); the aH+ in both phases is equal, assuming thaf_-
Ey = bf (B, themﬁmmrane potential, represents the potengial difference.
across the interface between slurry and supernaﬁant solution. (See Appen-
dix page.49.) | . |

i §3) If Eﬁ'= 0 then,:as shown in (d),‘anc Ej of 240 mi}livdlts arises
at the calomel-suspension intérface upén immersing the calomel intq thgi
suspension. ‘

(4) The observed pH should therefore depgnd.on}y upon‘the.positioﬁ‘
of thé calomei electrode and is unaffgcted»ﬁy the position of the glass -
electrode, This is shown to be true by observations (a), (b); (e) and
(£f). According to this viewpoiné,-the observed EMF. foé,eééﬂ cél} woulé?

be given by the following:”

= E° 5O ' 1
Ea) * Eg1 - EQqy + 0.0591 log ayy
) o " Koo,
E(p) = Egl = Egay + 0.0591 log ap+ + Ey

0 - ne o ’|' _
-E(c) = Egl = 0.0591 log aut = Egl 4+ 0.0591 log ae = 0

= FO . o RO =R,
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8 TAEH - SR

pH 6.0 pH 2.0

-+

; Tl
% )

0 mv 240 mv

R
/7/7/ //////

pPH 2.0 pPH 6.0

pH = 4.0 240 mv.

Key; :.'J equilibrium solution B glass electrode

w suspension (colloidal particies) U calomel electrode

Figure 1. Electrometric observations made by Davis.
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E(ey = E9p = EQ,; + 0.0591 log apy + E

- (e} - [e) 1 "
E(f) = Egl Ecal + 0.0591 log ag+

- d i _ t
and  ap+ = ag+ .

Eriksson (17) and others have suggested an alternative ekplanation‘of
the observations depicted previously. From thé_Donnan (15) theory, (see
!
‘Appendix, page 49), one can obtain the relationship:
' " e '
Ep = 0.0591 log ap+ / ap+ .

Including this term in the expressions for. the cell potentials where

necessary, we obtain for'cells a, b, ¢, d, e, and £ the following:

E = EO, - EO_. + 0.0591 log a4

(a) ~ ®gl cal : O8 ay+
. ._'- [o) - o ‘ 1" .
E(b) = Egl Ecgp * 0.0591 log a .+ + EJ

1" on
+0.0591 log apy / agt - E_

= §° . g©
E(ey =E; =By

(o} - g© " )
E(d) Ecal MEcal + EJ + Ep

_ .0 _ @0 " _
E(e) Egl ECal + 0.0591 log ay+ + Ej + E

|

m
— 70 - 7O " -
'E(f) = Egl .Ecal .+ 0.0591 log apt En

Now if we. substitute into the above expressions the value of E,, and

making thé assumption the Ej =0 ﬁé\nge:
Eqy = Ezi - Ezal + 0.0591 log a;L
Egpy =Eg = ES, + 0.0591 log 2y,
E(cy =0 |
B =
E(e) =EQ - Egy + 0.0591 log a+
E(gyy =EQ -EQ,, + 0.0591 log a,
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This treatment provides an alternative explanation for the observations
made by Jenny et al,, Davis (32) and Du Reitz (33). They point out that
the observations can be explained satisfactorily by assuming that Ej is |
negligibly small and E, correspdndingly large. The observations may be
" explained equally well by the existence of an E, or altefnatively by thg
existence of an Ej.

In 1952, M. Peech, G. H. Bolt and R. A. Olsen (27) reported some
anpﬁalies that they attributea to a liquid junction\ggtential between
the saturated KCl and clay suspension interface. They measured the
mgmbrane potential of‘several.glay suspensions by use of'two s;turated-
calomel elecFrodes using the Donnan (1l4) equilibrium method for measuring
ion activities in suspensions..stcal was given a positive sign when the
electrode in the dialyzaée was positive with respect to the electrode in
suspension. This is in accordance for a membrane pqtentiél of a néga-
tively charged colioid.
AEcaI~=mEm + Ej.

The sign of AEcal was found to be positive for suspensions of many
different clays saturated with H+ s Na*t and K*. However, when certain
clays were saturated with ca*t, the AE__; was negative. One ﬁoésiblé ex-
planations for this obser?ation would be the reversal of sign on the col-
loid partidlef"This possibility was ;hecked independently by zéta poten-
tial measurements. It was found that the sigﬁ of the charge on the paf-
ticles had not been reversed.v The reversal of sign was therefore attri-
buted to a negative Ej.

In conjunction with the above work, the osmotic pressure of the clay
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suspension was determined By experimental,ﬁeasurements and also by
calculation. The activities determined the Donnan method were usedvin
calculating osmotic pressure, T, by the equation:

A=RT (Z + 2Y - 2X)

Z = Na' concentration (dissociated fréom clay)
Y - NaA salt concentration is the suspension‘
X = NaA concentration in the dialyéate. |
These values‘were calculated from the following relation to ‘GEcal'
£BEigp =R InX = RIInZ + Y
F Y F. X

The osmotic pfessure that was calculated showed serious de@iation from
the.osmotic pressure that was measured, The discrepancy was attributed
to the eéror introdiced in the experimental evaluation of E,, and the
resultant efror in calculatioh of osmotic pressure.

WIp 1953, Overbeek (26) published a-theéretical treatment of the
suspénsion'effect. He ;onsidered the suspension effect ané the Donnan
potential to be identical and made up of the sum of Ej and E. Attemﬁts
af separately evaluating Ej and Ej-were considered to be unsatisfaétory
because of the necessity of arbitrary assﬁmptions. He showed that the
suspension effeét (referred to as Ep) can be calculated approximately

from the composition of the system by the relationship:

ED = RT:ln conductance of exchanger
: F . conductance of equilibrium liquid

Overbeek's treatment was tested experimentally by Bloksma (2), using
mobilities of the adsorbed ions. He concluded that the agreemeﬁé was

.sufficiently good to be confirmative,
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Recently, Bower (5)(6) studied the. suspension effect with a glass
elect?ode which is selective for Na¥, Bo&er found good support for Over=
beek's theory, He also checked the effect of the concentration of the
salt bridge on the magnitude of the suspension gffect. it was found
that the suspension effect became negligible whén'the concéntrations
of salt in the salt bridge and equilibrium,liquid'are the ;ame.

At the present time, there ;eems to be,.juéging from the pﬁblisheé'
information, two schools of thought regarding Eﬁ in colléidal systems,
One school (24) is apparently of the opinion thé Ej:is negligible. The
other,(ZO); is apparé;tly of the opinion the-Ej is of sufficient magni~
tude to entirely accoﬁnt fo;‘the suspension efﬁéct. In this investiga~ ~
tion, an attempt has been made to obtain a more reliable estimate of

Ej than is currently available and thereby contribute to our under-

standing of the suspension effect.
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EXPERIMENTAL

Characteristic Suspension E#fects of_Selected ion Exchange Resins

The initial objective was to select an exchanger which exhibiged a
large suspeénsion éfﬁect. it was réasoned‘thaé if the exchanger 'ex:
hibited only a sﬁall suspenéion effect, the'accuracy with which Ej could
be measured would be correspondingly low. So\far as is knowny the |
largest suspension effect reported in the literature is the value of 4 pH
units reported by Jenny (20) for a Dow product called Ion-X. Acéordingly,
several synthetic cation and anion exchangers were selected for compari-
son. | |

All resins were tréated in the following way:

(1) A sampIe:of aﬁproximately 20 g. was placed in a Buchner funnel
under suction.

(2) datioﬁ exchangers were ﬁashed with 0.1 N HCL and the anion ex-
changers were washed with 0.1 N NaOH.

(3)_ The resips were transferped to 500 ml, Erlenmeyer flasks and
were equilibrated with excess acid or base for one half hour on a wrist
action shaker.

k4) The samples were then waghed in'tﬁe Buchner funnel witheut suc;
tion until indicator paper-indicated that the effluent had become approxi-
mately neutral, --Prior to the determination of tﬁe suspension effect, ten
milliliters of water were added to approximately two grams of resin. The
flask wgs shaken periodicallyhfor three hours and then allowed to stand
over night. The suspension effect was measured with a glass electrode and

a saturated calomel electrode. Values, obtained for the suspension effect

=T
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for the various resins, are shown in Table I (page 19). Other charac-
teristics are also listed in the table. These will be discussed later,
As a result of the findings here, Dowex-50 was selected as the resin to
be used in the investigation. This particular resin is characterized by
the following; 8% cross-linkage; particle size 100-200 mesh. In the HY
form, it was found to exhibit a suspension effect of approximately 3 pH
units; which was believed satisfactory for the purposes of this investi-
gation. A comparison of the suspension effect for a weak acid and a

strong acid and of a weak base and strong base is depicted in figure 2,

3 —— o —
Strong . |
acid
2 r Acid
1 |~
Weak "
acta " |
- |
Weak A
base Base
=1dls
2 Strong
=i base
=3 SR -

Figure 2: Comparison of the Suspension Effect between Strong Acid
and Base Resins and Weak Acid and Base Resins




Eiéhénéefs-
Cation

Dowéx-SO
Dowex-50W
Amberlite IR-120
Amberlite IRC=-50
‘Mixed bed |
IR MB-3

Dowex~1"

Iﬁowéx-z

IR-45

IR-400

IR-410

| Duolite A-40

Duolite 42

w]Q-

TABLE I

Characteristics of Ion Exchange Resins .

. Wet Resin

Capacity¥®

1.7 meq/ml

1.7 meq/ml

1.9 meq/ml

3.5 meq/ml

' 0.55 meq/ml

1,33 meq/ml

1.33 meq/ml
2.00 meq/ml

1.00 meq/ml

1.20 meq/ml -

1.40 meq/ml

1.30 meq/ml

. Suspension Effect .

-:Acid .or ‘Base

Aqueous-Resin Strength
3.26 pH units sﬁroﬁg
2,64 pH‘unité strong
'3.05 PH units strong
0.81 pH units weak
2.88 pH units
-2.79 pH units strong
-2.05 pH units strong
~0.7OJpH units weak
~3.07 pH units strong
'.-2.46“pH'units strong
-3.30 pﬁ units strong
-2.53 pH units strong

*All exchange capacities are feported as milliequivalents per milli~
liter of wet resin, with the cation exchanger in the H' form;  the anion

exchangers in the Cl1~ form.

forms were used,

For the suspension effect, the H' and OH™
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Ion Distribution in a Dowex~50 - Water System

A, Donnan Theory versus "ﬁound Water'" Theory

In a recently published thesis, Moreno (34) has considered the rela-
tive merits of the ﬁonnan theory and of the '"bound water" theory (1l5) for
describing ion distribution in an exchanger-water system. The following
is based upon his treatment of the two theories. In the "bound water"
theory, it is postulated that a certain volume of water, Vi, is tightly -
a&sbrbed at the surface of an exchanger SO that it does not function as
‘a solven£ for an electrolyte. By making this aséumption, one can formu=-
late the fdilowing:

Let X = amount of CL™ ¥
{plf]‘= concentration of Cl1~

Vs Vs Ve = volume of béund water, volume of remainder of water,

and the total volume of water respectively,

Then Xr Xt
V. Vg -V SR

_ and multiplying by V. we obtain,

X Ve - EE , this may also be written asEFli]t = (Vt~vb)[r01i];
Ve(VeVp) 0 . V.

Thus, by keeping Vis Vys Vi constant and varying X, we should get
a plot of Xt/Vt versus Xr/Vr as a straight line which passes through the ;
origin and has a slope of (V, - Vb)/Vt; Since Vt is known, Vv, can be

determined from the slope. (See figure 3, page 26).

*Cl was chosen because it can be analyzed for by potentiometric,
radiometric, and volumetric methods.

n
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If the Dénnan7 theory provides the most "satisfactory : : -
treatmeht_of chloride distribution in an exchanger-water system, then
there is not a definite region in which Cl~ ié'excluded, but rather an
exponential relétionship between the electrical’potential and C1°, .(Sée
' Appendix C, page 49), The nearer one approaches the resin surface, fhe-
lower the[:Cl;] becoﬁes. The one theory requires a diffuse double layer =~
the other a distinct double layer., - ;

i

According to the Donnan treatment for uni-univalent electrolyte

a' % a' _' = a" xa"_ ,. . : ' (1)

Mt cl Mt cl :

and also (a' + a 1- ) ( ! ) = (a" _)2 . ©(2)
x Cl

. Where a" is the activity of an ion in the éupernatant and a' refers to the

slurry and where a_ is the activity of the adsorbed cation, That the

X

total chloride in the system equals the sum of the chloride in the parts

requires that,
=[Cl"]l v" r [Cl-:] n yn . (3)
[crjt = xv, =[er- lv; v, (e ]V't' v - ®

Since V' =v_ - y"

t . ’ '
vt fert] ' '[01"] S A A ©(5)
V. v,
and  [c17] [cl [Cl myny,
t, (V=)

- v")

g PRI CN LA i
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According to (2) ( _)(a ) + (acl,_)2 (a" ) (7)

(8l )2+ (aly-)(a) + ya? = <agl-)2 + %(a)? ©)
and  (hay + a,)? = (a2 + xap? O
thus  (a, + a) .> = (an)? + 5(ay? - (10)
and  (a-) = (@l )2 g(a)? - hay (11)

If we assume that

no_y2
(acl')

(a"l_)

aél_‘¥.01" then we equate (11) and (6).

+ xa? - dmy = [e1]w, - [edrw (12)
, (Ve - VM)
RETPR L 1<% I L W N (13)
X Xl (Vt ",V") (Vt -'V")

C (a2 + 5a? - 2y (v, - v * [Clil"‘(" ‘=[Cl-] Jeo 8

[c:ljt = C @2+ xa? - 3y, - v + o] v

b,

_ (15)
Vt Vt

a" % e xa? - B, - V) W

+ (16)

BT

[c1“']" . v, Ve

As shown by equation (16) one would not expect a linear relationship be-

tween‘[cla—]t and [élil" if the Donnan theory is applicable to the system, -

Te check the applicability of these two theories to chloride distri-

bution in a Dowex resin-water system, a series of samples were equili-

brated for twenty~-four hours, with concentration of nc136 being the inde~

pendent variable.

A one milliliter sample of the supernatant solution was

pipetted out, neutralized with sodium hydroxide, evaporated to dryness and
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counted with a Geiger;Mneller counter. Solutions of equal volumes of water
and.equal amounts of chloride but with no resin were prepared~for:eacﬁ
concentration and counted in the same manner. The former meésurements
were used as a measure of (X"/V') and tﬁe latter as (thvg). A plot of
.these two values was then made; (see figure 3, pageEZGDT' The iinearity
observed between (X"/V") and (X./V.) is considered to constitute evidence
of the applicability of‘the "bound water" theory.
Another supporting piéée of evidenée for the "bound ﬁater" theory
wés published recently by Aﬁderson and Low (})., Their studies deal with
the density of water near tﬁe surface of clay‘particles. They found that
within loﬁ of the surface of a clay'particle‘that the density decreased
continuously. The densities approached. 0,97 g/cc. as 4 lower limit. This
would suggest that the water molecules are taking on some type of ordered
. arrangement presumably similar to water of hydration. This volume of
water would probably cease to funétion as a solvent. The present in-
vestigators feel that this is the same volume element that is chupied by

the "bound water',




Sample - " Weight

blank

1a 1.0000~g.
1b 0.9999 g.
blank : :

2a 0.9996 g.
2b . 1.0003 g. .
blank ,

3a. 1.0001 g.
3b , o.999§ g.
blgnk ’

4a 0.9997 g
4b 0.9997 g.
blank

Sak 1.0000 g.
5b 1.0000 g.

2=
TABLE IIa
Bound Wéég:.Data

Volume
of HCL30

5 ml,

4 ml.
-4‘m1;
2 ml.
2 ml,
2 ml.
1 ml,
1 ml.
1 ml,

5 ml,

5

5

5

- Volume
of H,0

ml.

ml.

ml,

ml.

ml.

ml.

ml.
ml.
ml,
nil.
ml,
ml,
ml,
ml,

ml.

Total
Volume

10 ml.
10 ml.

10 ml.

10 ml,

10 mI.
10" ml1.
10 mI.
10 ml.
10 ml,
10 mI,
10 mI.
10 ml.
10 ml,
10 ml.

16 ml.

*The Hcl36.used in the first four samples was a 0.00769 N solution
whereas the HC13® used for the last samplée was a tenfold dilution of

this acid.
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TABLE IIb

1

"Bound Water" Data (counting data from c136)

XelNe XelVe. Xe /Vy X /Vp

Sample counts/min. meq/ml. x 103 counts/min, . meq/min X lQ3
la | R 13,677 4.10
1b | 13,674 4.11
blank 12,795 3.84
2a g 10,848 3.35
2b 10,615 3.28
blank 9,967 3.08, |
3a : . 5,865 , 1.78

" 3b o 5,719 174
blank 5,084 1.54 _
4ba _ | ‘ 2,719 0.83
4b 2,584 . 0.78
blank 2,529 0.77 ‘ -
5a | 1,452 0.44
5b . 1,432 0.43

blank 1,345 0.40

All counts are corrected for backg;oqnd;
Sample calculation: X./V. =35 x 0.00769/10 = 0.00384 meqg/ml

X /Ny = 13,667 ¢ x 0.3001 meq min  x 107® = 0.0041 meq/ml:
min " ml counts

Calculations for Vi from the slope in figure 3

- 3.8 Ve = Vy ! '
2:2=0,927 =t - 'b 404V, = 10 ml.
.1 V. t

solving fotr Vi

Vy = 0.73 ml,




«26=

Figure 3: Bound Water Theory
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Distribution 6f Cl3§ in a Dowex-50 - Water System,

The objective of this section was-to determine the actual distri-
bution of C1~ in the resin-water system. The values obtained are later
;ompared with‘thé apparent distribution of C1” ;s determined potentio-~
metrically. Any discrepgncy between the apparent and actugl distribu-
tion/wil} be attributed to an Ej at the calomel-resin intérface,

The resin-water syste@ is divided into threé arbitréry divisions
which will be referréd to as phases. Phase"' refers to the equilibrium
solution:..Phasé" refers té the interstitial solution, i.e., the solu~
tion between the particleé. _Phase’ refers to the solution in the in-
terior of the resin pa;ti;les.

gt resin samples were equilibrated Qith.aliquots of dilute HCL
giagged with 136, After eqﬁilibrium.was attained, the three phases
were physically separated using the technique suggestéd by Greégor:
eE al. (18) as stated in Appendix D, page 51. The concentration of Cl~
i& the three phases was.determiﬁed by means of standard counting tech-
niques. Results obtained fé? a series of 1,000 gram samples aré list~
ed'in Table iII. _

The mean Qalue obtained for [?1{]'” / [plf]“ was 1.32 and 1,34 for
the 1.0000 gm. and 2.0000 gm, samp;es respecfively. Thé corresponding
values o.f__[C_lﬂ "'l:/Clj ' were 6.7 and 6.4. _

An attempt was made to double check these values in the fbilowing
way: using a lambda pipette and covering the tip Qith‘a tissue (swipe)
which was impermeable to the resin particles, a sample of phqse"'-.was

withdrawn from thfee'differgnt samples. Phase''' was extracted with a
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piﬁette. These were counted and the ratios pdmpared. The mean value for
[Cl]“' /[b#]" was 1.17,‘indicating a rélati&ely small differencg in chlo~’
ride concentration between these two phases. Whether or not the lack of
- agreéﬁent (1.32 and 1.34 vs 1.17) is attributablé to experimental error
is not known.

Aécording to the "bound water' theory, ;hloyide is excluded from the
"bound water' at the particle surface;,the4[;l{] throughout the re-
mainéer of the system is constant, If we now think of this'distribution
applied to the system depicted in Appendix B, page 49, then it would
seem as though [Flij'” = —bli] "o [?li] ' provided phase" and phase'
are cor;ecfed for the loss of solvent té ”béundeater".A:We have seen that
[éli]-"' = [?lfr " according to the radiometric data. Therefore one
might éxpect the "bound water" to affect the amount of water available as
solvent.iﬁ phase' to the greatest extent. ‘A correction c;n be-made for
the volume of water acting as a solvent for Clglin phase' if we assume all
the "boﬁﬁdawater" volume, Vi, to be contained in this phase. fhe actual

[Cli] ' would be calculated by subtracting Vy, as determined from figure

3, pageélé& from the total volume of. phase'.

Actual [Fli] ' = apparent [blt:]' x volume of phase'’
volume of phase' - Vi .’

Using the values from Table III the actual [Fl':]' was calculated for
each sample. These values are listed in Table IV along with the'concen-
trations for phase''!. Statistical treatment of the data indicates no

significaﬁt difference at the 5% level between [Cl':l "' and [Cl_]'

when corrected for "bound water'". The results, therefore, provide
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supporting evidence for the applicability of the bound water theory to the
resin-water system under consideration. |

Study of a 4 By Ester Hydrolysis Rates
The rate of hydrolysis of an éster is reportedly a function of the
aH+ in the mediumf(22). Presumably the measured rate of hydrolysis of

an ester could therefore be used to determine a The purpose of the

ute
study reported here was to determine ay+ in Dowex-50 resin in this way.
The value obtained could then be compared with Ehe apparent aH+ as deter-
mined potentiometrically.A Any discrepancy could be attributed to.the Ej\
involved in the pH deterﬁination,

w;th this objecﬁive in mind, a series of hydrochloric acid-solu;ibns
of varfipg pH were used to sﬁudy the'relation between pH and rate‘of'hy-
drolysis. For a more detailed account of the experimental procedure see
Appendix D, page 57. The results from this study are plottéd in figuré 4,
page 30. Resin sampies,Wefe equilibrated with enough water to mske the
volumes of the sol;tions comparable. Then'thegrate of hydroiygis for
these samples was meésufed. The triangular éoint on the'graph in‘figufe
4 shows the results of these determinations. A second set of détermiﬁém
tions was made using HC1 solutioné and Dowex=-50 of comparable equivalents
of HT per umnit voiume of solutién. Thése de?erminations indicated that
the HY resin.was slightly more effective than HCL containing équal ,meq1H+
per unit volume in catalyzing the hydrolysis reaction. The results are

listed:in Table V, page 32. From'thege observations it seems as though the

rate of hydroiysis is influenced by other factors, possibly the absorption

of the ester by the resin. It was concluded that .the rate cifhy&rolysis_
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could not be used as a reliable measure of aH+ in the resin-water system.

The results of McAuliffe and Coleman (22) also help substantiate this con-

clusion.
Y/
®

2.0
i
)
'a‘
= L. Resin ,
B R T

0.0

\

\ ) J \ ]

T R R TR < T T T . Bl R o O o B R e

Rate (meq/min) x 10t

Figure 4: Hydrolysis of Methyl-acetate ut catalyzed
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TABLE III

Distribution of c136

Weight ¢/min o Concentration
Sample (grams) Phase (Corr.- for B.G,) c/min/ml meq/ml x 104

la 1.0002° " 1260 1260 7.84
" 810 900 5.60

: 132 152 0.95

.2a 1.0006 rn 1219 1219 7.58
: " 853 948 5.90
: ! 180 . 206 1.28

3a 1.0000 " 1352 1352 8.43
: " 914 1013 6.30

_ ‘ v . 184 212 1.33
ba 1.0003 e © 1269 " 1269 7.80
) ‘ " 857 956 5.87

' 165 190 1.17

5a 1.0004 e 1305 1305 8,02
' a 851 946 5.83

' 174 201 1.23

Blank 1123 6.99 .

1b 2,0011 t 1410 1410 8.34
: f 1846 1085 6.43
! 367 211 .1.26

2b 2.0006 re 1350 1350 8.00
" 1808 1060 - 6.28

' 391 225 1.33

3b . 2.0001 r 1341 1341 7.92
' - w 1679 978 5.78
! 376 216 1.28 .

4b  ° 2.0004 e 1401 1401 8.12
" 1787 1021 5.90

: ! 355 204 1.18

5b 2.0001 "t 1392 1392 8.06
. 1" 1809 1063 6.17

v 367 211 1.22

6b 2.0003 Hr 1419 1419 8.21
b L 1688 993 5.75
! 400 230 1.33

Blank for samples 1=3 1188 6.99
1207 - 6.99

Blank for samples
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TABLE IV
Concentration of C1' Corrected for "Bound Waﬁgr"
E:l:] "o x 10% in phase'"! [_Cl'] ' x 10% in phase' as
o as determined from - calculated by correcting
Sample c136 data ~____for "bound water"
la 7.8 meg/ml 5,90 meq/ml
2a © 7.58 7.95
3a 3.45 8.26
4a . 780 7.30
5a . 8.02 7.77
BT . 8.3% | 7.84
2b _ .00 : 8.26
3b 7.92 7.97 )
&b | 8.12 7.34
5b 8,06 , . 7.59
6b - 8.2l - " : 8.26

_mean 7.90% 7.68%

*No s{gnificant 'di'ffer'elnce at 5% level,

!

TABLE V

Comparative Rates of Ester Hydrolysis
S " of
Equivalent amounts of u* Per Unit Volume

HC1l 'Dowex-SO
-+ 1.028 x 10" lmeq/min. : 1.263 x 10" lmeq/min.

1.113 x 10~lmeq/min. | 1.233 x 10" lmeq/min.
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Potentiometric Determination in Exchanger-Water System

Some of the cells to be considered in this section are depicted below.
Cell #17 glass el. [Hcl(m)/Kcl(sat.)/ngclz, Hg

Cell #2, .glass el, /HCL ) and resin//KCl(sat.)/ HgZClZ;-Hg

(m

Cell #3. Ag, Agcl/ncl(m)//NH4No3(1o%)//Kcl(sat.j AgCl(sat.)/ AgCl, Ag
Cell #4. Ag, AgCl/HCl(m) and resih//NH4N03(101)//Kc1(gat.) Agclksai.)//

AgCl, Ag
/
Cell #5. Hg,-ngclz/KCI(sat.)//HCl(mD/ HCl and resin// KCl(sat.)/
‘ : - / L

Hg,Cl,, Hg
See figure 1. D, page 12.
. : /
Cell #6, glass el,/HCl(m)/ HCl(m), resin/glass el.
/ -

See figure 1, C, page]lZ. Where // indicates a liquid junction,
and / indicates a membrane or other mechanical means of separation. The
/ ) : 4 ,
potentials of the cells, as depicted, will be referrgd"to as Ej.
. :

E,, E, etc. These potentials may be expressed by the following:

o o -u' - "y
El Egl 'Ecal Ej(KCl) 0.0591 log aH+

- 0.0591 log &',

Ez = Fgl " Egal " EY (ke1)

Ej = tgg,Agcl - Ere£ - E;E£H4N93) + 0.0591 log ag]-
B, = B3y pgct - Eres - =} (wa0y) f_0.0S?i 1og.aai7
Es = Eoap ¥ Egt' " Beap * By ¥ Ey

E ='E§1 - 0.0591 log &ty - EZl + 0.0591 log al%, - .Ey

As reported in most physical chemistry texts, Ej at a reference




E. : ,
. IWNENO3) = Ej ke
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electrode-solution interface is negligibly, small (€2 millivolts). Be-

. 1 - " a1 -
cause of Fhis, ?j(KCl) and Ej(Nﬂéyos) will be neg¥e?ted and we shéll re

i

fer td'Eg:as‘E
.The auépension effect is defined by the difference between E; and

Ey. E4 - E.2 = Ej(KCl) - 0.0591 log,aé: ( a;+. Now if_Fhe
then E; - E, = E5 - E,.

+0.0591 log a''!_ / a!!

E3 = B4 = Ejqum,No c1- ! 31-

03
ES ;epresents- Eqal = Ej(KCl) + Em

~E

= - o ot
E, = 0.0591 log v o

1f aé; .g-agl_ = a;+ x a . , as expected from EhelDénngn theory (1%) and
since, E, = 0.0591 lqg_aﬁ; = 0,0591 {og agi_/-agl_ > the,abdyg expressions
become

By = Ep = Ejre1) * By
B3 " B4 = Byoumno,) T

Es = Ey(rc1l) * Em
E, =0

The existing literature indicates that there are two schools of

thought on the explanation of the.-suspension effect, Oné school is of

the opinion that Ej.is negligibly small (<2 mv.) (4)(23)(24)(25) and

the other is 6f the opinion that Ej may be large enough to. constitute a

serious error (as great as 240 mv.) (2)(3)(5);6)(26)(27). Some feel
that Ej accounts for the entire suépengidn effect (20). .
In this section of the thesis,.it was proposed that.the 'size of Ej
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be quantitatively determined for Dowe#-SO -~ water systems., To do this,
as'previeusly'megtioned, we have studied the ¢iétributiqn of HCL36
throughout the system by two independent means, The actual distfibution
is conside;ed'to be the distribution as dete?mined'b& c136, The potenti-
ometric meaeurements are taken as measures o?'the apparent distribution.
The difference between the apparent and t@e actual dietributionAmakes

possible a calculation of E;. 1In order to'consider the radiological

j°
deta.as the actual distribution, the assumption ie mede that the activity
coefficient for Cl~ is the'seme in all.phase_s° The assumption that the |
activity coefficient of the adsorbed cation and that of the cation in
solutlon were the same has previously been suggested as being valld (13)
(3). The assumptlon made for the CL~ actlvity coefficients is equally
reasonable, The assumption that the radiological data representS'the
actual distribution enables us to calculate a value forvE;.

The assuﬁption of activ?ty coefficient of Cl~ being the same in all
phases means that the activiﬁy coefficient is one for dilute solutions,
i,e, in the order of 10™3u, This assumption appears to be consistent
with the "bound water® theory. -If the "bound water" distribution holds,
then [?li] "= (?i- o= (lbl':];; I the solutions are dilute, then
[bli] = as1=. Therefore aCl = agl = aCl and since’agy~ = X_{;li]
then Y "' = ¥ = ¥.'. |

Using the above expression given'fer Ep» these éssumptiqns indicate

that E, = 0, From the-radiological data it is seen that Eﬁ as calculated

has a maximum value of approximately 7 millivolts,
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Overbeekfs Treatment (26)

Overbeek theoretically treated the following cell:

‘ ' 11 / © o III
Hg, Hg201 / KCl(sat) { equ111br1um solution ; colloid slurry /
2 3

Iv
KCL(sat) / Hg,Cl,, Hg.

The e.m.f., E, of the cell is given by
A ' v t |
=i : -
-EF = Ile 2 M (17)

By manipulation of this equation in order to avoid 31ng1e ion act1v1t1es
and 1nc1ud1ng the membrane potentlal Overbeek obtained the equation (18)
21 [ 2 € ; IT_ef TIT _ - é- ti d/-{i.j

= F i . ﬁ +/q /'( "' L .in .

— .
\;"‘““‘fi———*’/ \""“V"“—-—’/
A ' B P C -
Equation (18) now includes -

E

Ej(l) +E (2) * Ej(3); and as shown by Overbeek, the potential
may be expressed approximately by the following equation:

E = RI ln conductance of suspension . (19)
' conductance of equilibrium solution

.Table I provides some interesting faerg.chatxshow merit in equation
(19). The strong acid exchangers have a mth.greerer_suspension effect
than weak acid exehangers;>_The stroné base exchapgers have a ﬁuch greater :'
negative suspension effect.than the ‘weak Beee exchangers. This is as
expected according to'equation (19), since the'condectance'of the double
1ayer of a srrong acid orlﬁeee'exchanger is_@ueh,greater than!thet of
the weak acid or base exehanger (see'Tabie.I, éage l9end figure 2,

page 18),
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The conductance of the double layer of the colloid pgrticles ﬁoes
‘ not-increase significantly wigh increasing coﬁceqtration of eduilibrium
electrolyte. _Thus one would expect from eduation (19) that the conduct-
- ance of the equilibrium.g;ectrolyte,‘as its concentration was increased,
" would become equalsto Fhat'of ghé slurry. This observation was m;dé by
Péech et al. (27), Bower (5) (6) for clay-water systems and b} the pre<
sent'investigators for Dowex-50 - water syétems. (See Figﬁré 5,‘pagegﬁ).

A number of resin samples were equilibrated with solutions of NaCl
. for,twehty—fou#.hours.- The concentration of the solutions varied froﬁ
0.0Q05 N to 0.2 N, The APpH or AEcai of each sample was determined and"
the value plotged Qersus concentration of NaCl. Some conductance stud-
ies made'on clay-water systems (35) are also included. These ee@éé;%;;
.lﬁuqt?ﬂbedﬁgkg%gﬁwgﬁeﬂﬁsadﬂbdpcamé@latéiﬁﬁgnﬁandhyaé@paiidhﬁ(19¥mﬁ9
are-depicfed-by'Figures 6, 7, 8, and 9.; A similar study was made by  the
présent inéestigators for Dowex-SO,:Dowég—SOW and Dowex~-1l. These re-

sults are listed in Table VI. {na = .iar T, e

TABLE VI

‘Comparison of AE__; and Epg,....

.(-iv
L

E a1 ‘ Fponpan. ,
Dowex=50 o 125 mv, 80
Dowex-50W o © 160 mv. . : 79

Dowex~-1 ' 74 mv. ' . 68
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Concentration NaCl, eq/liter of solution — == e
] ] ¥ ] ] 1 1 X 1 = | 1 i
0.01 0.02 0,03 0,04 0.05 0.06 0,07 0.08 0.09 0.1 0.12 0.14

Figure 5. Salt Concentration vs. pH
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The resﬁlts pbtained qualitatively support Overbeek's theory al--
though the wvalues are not in good quantitative agreement. The same con-
clusion.ﬁas reached by Bloksma (2) aﬁd more quantigatiVe subétantiation.
‘was_obtained by Bower (6).

'it is interesting to note’the values obtained for the Ca++=Mont~

morillonite and the cat*-Fort Collins clays. A negative AE (27)

cal
is observed agd_a.negative Donnan.is calculated'by equation (19). Com-
parison of the mobilities and th; conductances of H+, k*, Na+.and_Ca++"
reveals no appargnt.reason for the'change in sign of ﬁhe.potgntial. The‘
'suspénsion effect apparently cannot be.a function of conductance alone,
but other factors must be involved,
Calculatioﬁ of Ej
To calculate Ej thg.following équétipn was used:
DE .3 = Ej + Ey

where:Em = 59,1 log aé?_/agi and AEcal was determined as in cells
No. 1 and No. 2. The data for E were taken from Table III, It was
pointed out previously that if the "bound water" theory held then Em
would equal zero. Thus the values calculated for E, would be a

. maximum value and fhe;efore the value obtained for Ej By the above.

" expression would be a _minimurﬁ. BE, ¢

o

was‘alsofused° The values were

, detefﬁined\by cells Iike No. 3 and,NQ;.4;: Another electréde combination
' ﬁsed;wés an Ag,AéCl in conjunction'wi;h é saturated calomel electrode.
The Aé,AgCl electrode was pfépared by thé.method of }}rown‘(ll)° All of
“;these daté are listed in Table VII, page 44, see also figure 10, page 45.
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It should belnoted that AEref. and the potential as measured by
the Ag,AgCl-sa;uraEgd calomel pair differ in that the reference elec~
trodes are different ané the salt bridge solutions are different con-
centratiqps. The former having a more dilute bridge solution. The
difference obtained in Ej ?s’atgribﬁtgd to two factors: (a) the
mobilities of thg NH4+ and N03' are more ﬁearly equai than those of

k' and Cl™, and (b) the different concentrations of ‘salt bridge

solution (3).

TABLE VII-

Comparison of Values for E; with Different Electrode Pairs

Sample 'AEcal _E_Ili E.l "ABpog E '(EAg:AgCl-Ecal) , E_J
la 98.0% 8.6 . 89.4 102 934
2a  100.0 6.1  93.9 103 96.9.
38 112.0 7.4 105.6 | 108 . :  100.6
4a 95.8 7.3  88.5 82  74.7
52 88.6  8.0. 80.6 - 77 69.0
1b 77.5 6.6 709 82 .75.4
% . 840 6.2 77.8 8L 75.8
3b 97.5 8.0  89.5 79 71.0
o 118.2 8.0 110.2 80  72.0

55 124.0 6.8 117.2 83  76.2
6b  10L.5 9.1  92.4

. %A1l readings are in millivolts
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SUMMARY ANi) CONCLUSIONS

The distribution .of HC1l in a Doﬁex-SO - water system received atten-
tion in this investigation. The distribution could be adequately dis=
cribed, within limits of experimental error, by the so-called "bouﬁd
water' theory. According te this theory, the resin particles are coated
with a thin film of "bound water" (l). This water has a characterisei :- ..
tically low density and is presumed to have structural characteristics
similar to ice, This theory demands that free ions be excluded from
this "bound water", which éccounés for negativg‘adsbrption of anions (15).
Data obtained in this investigation is consistent with, and proviges some
supporting evidence for the "bound water" theory. The electrical double
layer at the resin surface is therefore visualized as a distinct rather
than a diffuse layer. The solution in the Dowex-50 - water system be-
yond the '"bound water" film is accordingly conéidered to be homqgeﬁeous.

In an equilibrated Dowei-SO - water system, the potentiometrically
measured pH of the slurry was found té differ fromfﬁﬁe corresﬁohging
PH of the supernatant solution by as much as 3,26 pH units. . This so-
called suspension effect is cbmmonly attributed eithgr to an acfua}
&iffgfence in aH+ in thefsystém or to the existence of a liquid junction
potential (Eji at ‘the refgxenee eleqtrodé - resin interfaég? In this in-
vestigation, a compari§¢nhwas made between the actual distribution of
Cl™ in the system; as determined by 0136, and the appareqt,distribution

of C1” in the system as determined potentiometrically., The results indi-

cated an Ej which could be as high as 93 millivolts, depending upon
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certain chemical characteristics of the system.' This Ej constitutes a
potential*souree of error in hotentiometric determihations made in ex-
changer-water systems which may be largelenough .to completely invalidate
the results. | |

Data obtaihed relative to Ej are qualitativeiy consistent with the
} theoretical treatment of Oyerheek (26). Both cation and aniqh exchange
_resihs,exhibit the‘suspension effect:”thevformer beihg positive in sign
and the latter beihg negative in:sign. The Ej was a sehsitive function
of electroiyte'cqnteht, approaching.gero ahparently as a Iimit'as-the
ielectrolyte.coﬁtent:épproached 0.2 N. | |

SUGGESTION FOR_FﬁTURE RESEARCH

It seems that information regarding the fundamental cause(s) of
liquid junction potentials in colloidal-water systems would be desirable°
- I1f the cause(s) were known, then one would presumably be able to predict
which system WOuld give rise to liquid junction potentials,

Studies could be made comparing the effect on the magnitude of E
.resulting from‘resin saturated with different cations, From these

studies possibly correlations could be made concerning the magnitude.of

-
veleneeo

E. a@s. & fubetion’ of sthwfegfors ab, 1onie~radmlyshydration radil and
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APPENDIX A

Definitions and Symbolism

1. éuspension Effect--the observed difference between the
diglyzate'pH and the suspension pH.

2, Ej;-liquid‘jungtion potengial--the potential created a£ the
diffusionjboﬁndary of a reference electrode.

3. E_ --membrane pqtentiai--work required to bring a poiﬁt charge
from one side of the membrane té the other. E = (%'" - (/‘/."‘)

4o Y ;Jelectrical potential

5. A{ --chemical potential

6, A? -~the electro cheﬁical potential. This is the sum of the

electrical and chemical potentials,
4y —_—,(,/0 + RTﬁn a; + ZFSUi .

where R--universal gas constant
T--temperature absolute
ai;-activity
Z-~valence of ion species

F--Faradays
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APPENDIX B
Phase'"
OOOOOOOoOogoO Phase"
OOOOOOOOOO Oo Phase'
©0°20°209000C0G

Phase'"' is the dialyzate.
Phase'" is the interstitial electrolyte.

Phase' is the solvent or solution taken up by the colloid particles,

Figure 1l: Three Phase System
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APPENDIX C

Membrane Potential and Donnan Equilibrium

Suspension (phase')

// 7
Dialyzate phase"'
.,__/
( )
|

////* Semipermeable Membrane

Figure 12: Donnan System

At equilibrium A?i" =;§;'" for a univalent cation

oy "t "
1. Afy + RTlnag, + ZFY" =Af + RTlnaH+ + ZF Y

upon rearranging

2. RTlnay = ZF (¥Y'"' -¥") and by definition E = (Ym -ym
ati m
+

e R ay
33 Em e 1n EI'

going back now to equation 1. and writing the expression for an anion

and rearranging

4o Ao + RT 1n a. - ZFY" =4g) + RT ln al' - zPy™

b la«RT. Tra tal e ((P TR q) " or
ZF an
6. RT In Q' = (@'"' - @M Now equating 2. and 6,
F ar
Inigyr = in aY
am va
an a‘l'_ll

This is the expression derived by Donnan (1l4) which relates the

activities of univalent ions in the two phases,
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! | ©* APPENDIX D
. Water Content Determination

The mefhod,of Gregor et al, (17) was used to determine the water
content of the resins. 'The resin.ﬁas eqﬁilibrated with excess water
first, then placed in a sintered glass filter funnel, under suction,
for little more than fhree minutes, As was shown by Gregor et al.,
after three_minutes, the :esip maintained a relative constant weight.
This is:believéd_to indicateréhaf the interstitial watef had been re-
mqved,.aqd that any additional loss of ﬁeight, after this time, would
be due to gir drying.

The resin was placed in we;ghing bottles, weighed and placed in a
vacuum dessicatpr. The sémple;'we;e weighéd'periodically until no further
loss .in weight was shown. This was taken as the dry weight of the reéin;

By transferring samples to the weighing bottles with timing and care,

good prgcision was obtained., The resin was found to contain 46%. water,
by ﬁe;ght.

Another'methdd, used b& Gregor et al., was centrifugation. The
samples were placéd in sintéred glass funpéls which sat in special centri-
fugeiﬁlasks. ' They weré centrifuged for thirty minutes ath1500 g's. -fhis

was found to be adequate to extract nearly all of the interstitial water.

The Effect of Percent Resin in Suspension
upon the Apparent pH of the Suspension:

A series of samples, containing twenty milliliters of distil;ed
water and varying amounts of resin from 1.5 gmé. to 5.5 gms. dry weight,

were measured for suspension pH. The pH of the resin was plotted versus
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the amount of dry weight of resin,  (See figure 13,)

It was. found that the pH varied but very little, going from 3.6 to
2.9, The relatively high pH values, observed hgre, are due to the fact
that, while.measuring the pH; the reéin'was stirred qonstantly. Upon
settling, the pH of the resin-saﬁples was.all 1f0.1 pH.

Determination of the tiume,Occupied”By Wet Resin

A column of resin was prepared in a 50 milliliter buret. The col=-
umn was thoroughly wetted with water and the water level was above thé
fesin level, Some of the water was allowed to drain down, well bélow the

resin level., and then some of the resin was scooped out and placed in a

.weighing bottle. The amount of resin that was taken out was always

approximately a half jnch‘laye;; The buret was refilled with watér aftef
the extraction. The différence in resin levels waé taken, as the wet
resin voiﬁmé. This method wés'repeated_for several samples. The resin
samp;es were weighed repeatedly, unti;.no further loss of Wiegh£ was
detected with additional dfying '

Method- of Separation of Phase"i, Phase" and Phase;

Two methods were used for separation of phase''' . Both gave similar
results, Phase"' may be effectivély separated either by decant;ng the
dialyzate ox by forcing the dialyzate out through a éintered glass funnel,
The resiﬁ, phase", and phase' a?e left behin&;

Considering phase' and the watef.coﬁtent of the wet resin to be iden-
tical, the separation of phasé" was similar to the experiments for deter-

mining the water content. The sintered glass funnel was centrifuged for

thirty minutes at 1500 g's to remove phase’, Chlorides in phase' was
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1 2

Amount of Resin 1A S
grams/20 milliters
of distilled water

Figure 13. The Effect of 7 Resin on Suspension Effect
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washed ouf of‘the,resin sample with distille& water,
Determination of the Volume of Phase"’, Phaﬁg" and Phése;

. The resin was equiiibratéd witﬁ 11 ml. of distilled water. Phgse"'
was decanted and placed in a weighing bottle and weighed. Frém the
density of water at 27°C., the volume of phase'" was calcuiated. The
yolﬁme of phase' was calculated from the water content and the density
value. The volume of éhase" was considered to be the difference of the
total volume and the sum of phase''' and phase'..' . v

TABLE VIII

Volumes of the Separate Phases

Phase . | . - Llg. Samples 2 g..‘Satlnplés
 9.23 ce. 7.57 ce.
n ‘ 0.90 cec. 1.70 cc.

' ‘ . -"0°37 ce. / 1.73'cc.

Determination of Chloridé Distribution
by Radiological Methods

For determination of the Cl36 distribution, a resin sample was
equilibrated with one ﬁilliliter of 0.00769 N HC13® and ten milliliters
'of_distilled water. The sample was stirred occasioﬁally and then al-
lowed to equilibrate over night. The total equilibration period was at
least 24 hours. The pH of the supernatanf did not change significantly
after this time. |

The three phases were separated as described on page 52. The separ-~ -
atg'portions-were neutralized with excess NabH and then'eﬁépérated to -

dryness in stainless steel planchets,
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The sample; were counted in a Geiger=-Mueller counter. Each sample
was céunted.for a five minute périod.

c136 Self-Absorption '

A number of NaC13® solutions were evaporated to dryﬁess in étaipless
steel planche;s in order fo ascerﬁain whether or not any self absorption
was taking place in the sampleé used in the study of Cl° distribution.

' The amount of salt was variéd from 0.2 mg. to 90 mg. and the count rate
was determined, From these data a plot wasdmade; the results. appear in
figure 14, From tﬁe graph it is easily seen that self absorption would:
be of no concern for the samples useé iﬁ this investigation. The samples
ﬁsed in the investigatiﬁn weigh ébproximately 0.2 milligram. According
to figure 14 no appreciable absorption takes place for samples of this
weight.'

Determination of Chloride by Poteniometric Measurement

\Fof dgtermining the ghloride activi?y; a Beckman silver billet com-.
?inatiqq electrode #39187 was used a; ang,AéQl electrode. This elec-
trode is designed to be used with the Beckman Model G pH meter. This
electrode is fwo elgctrodes in one unit, containing an Ag,AgCl electrode
and an Ag,AgCl reference.electrode in a solution that is saturated with
respect to both KC1l and AgCl. ‘

Between the reference electrode and the sample solution, there is
a reservoir containing a 10% solution of NH;NO,. This bridge solution
cqhnects the sé@plg with the reference electrode, This prevents chloride

ions from the reference electrode from contaminating the sample. A

© linen fiber connects the reference electrode to the bridge solution. and
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the bridge solution to the sample,
Some electrodes, prepared by the method of Brown (11), were also
used. These electrodes were used in .conjunction with a S.C.E.

An Attempt to Determine a4 by Rates
of Ester Hydrolysis

The amount of resin to be used for each sample was weighed in a
50 milliliter Erlenmeyer flask. Enough water was added to' the system

to occupy all of phase' and phase". .The amount of acid was comparable

in volume. The acid-solutions varied frdm‘Oto to 2,12 in pH. The pH

of the resin was measured at a tempera;ure of 35°C, The reéin and acid
samples were piacéd in a constant temperature bath, shaken and allowed
to.feagh 359 . dne milliliter of pure methylacetate was added to each
samfle. The zero time Wés taken at this point. The reaction was stopped
by adding just enough NaOH to titrate the total equivélents of H+{in the
system, The sampléé were immediately‘back'titrated with a standard HCL

solution and phenolphthalein,
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