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CHAPTER I
INTRODUCTION

In the beginning we must define the adsorption process.
It is nelther strictly a chemical nor a physical phename!

on
mg possesses the characteristics of both. The gualitative
pia‘bw presented here will serve as a baslis for the quanti-~
tative investigation which 1s the subject of this thesis.

V¥e may see how adsorption occurs if we examine the
erystal structure of same ioniec compounds. In this case let
us use silver chloride which exists as an interlaced simple
cubic crystal as shown in Figure 1.

_ Fig. 1.--AgCl crystal, interlsced cublic atructure
( © represents silver ion; o represents chloride iom).

We can see that each silver ion is surrounded by six
chloride ions, and each chloride ion 1s surrounded by six
silver ions. There exists a balance of coulombic forces



of attraction and repulsion here, so that the crystal lattice
is stable within the limits of atomic vibrational motions.
Bach ion has a symmatric spherical electromotive rorce fleld
with vhich it infiuences swrounding ions. The smeunt of
influence 1t may have depends upon its size, charge, and
distance from surrounding ions. JIunside the lattice the force
fields of the silver snd chloride ions sre completely balsnced.
But, of course, thare must be a face to this crystal. What
happens with respsct to these lonic force fields at this
interface? If there are silver and chloride ions in the
solution bathing the face they will be attracted to the
structure, and orystal growth will ccewr. The limit to this
crystal growth bacomea apparent vhen we consider solublility-
product phencmsna. There will be a definits concentration
of jons in solution which will not be incorporsted in the
srystal lattice. And the crystal will still have an inter-
fase full of unbalanced foroe fields. Natuwrally we would
expect the ions remsining in the solution to approach the
interface during their thermal vanderings. Alse ve would
expect the unbulanced force fields to attrast them and hold
them loosely at the interface. | |

How let us suppose thaet there are ions other than those
of silver and chloride in the solutionm. more, lat us
say that these ilons mmls the sams size and have the
same chavrge as the chloride ions. These alien lons willl also
sncounter the interface anrd its force flelds. It is possible




that the alien fons will be attracted and held at the inter-
face dus to their similarity to chloride ions. Then the
alien icms may be carried by the following processes according
~ to Wahl snd mw,l

 Replacement., The tracer ls memamma
e ‘ut M, presumahly isomorphously
since mapro mmmts of the tracer and carrlier compounds
form isomorphous mixed ¢rystals.

m~ tracer 18 sdsorbed on the surface |

¢) &%% ous-Mixed -8pyatal Formation, The tracer is
apparently 1%&»13@%@ the crystal lattioe even

though macyo agmounts of the tracer and carrier compounds
do not form isomorphous mized orystals.

g tion." The tracer is a;ppmnw.y ad«
bed on ¢ aces of growing ocrystals, the result being
nidigagmmmus incorporation of the tracer in the pre-
‘ eipivase,

Processes a and b are most clesyrly understood, and
Hahn wn.ma ¢ and 4 because L1t is not glways possible
to assign carrying processes unequivocally to either a
or b. ¢ discussion in this section 1s presented
acoording to Hahn's classification.

In gensral a tracer ion is efficlently amim by
an ionic precipitate if: (1) the tracer ion 1s isomopr~
phously incerporated into the presipitate, or ( g the
tracer ion forms a slightly soluble or slightly dis-
socisted compound with the oppositely charged latiice
ion and if the ths““ has a large surface with
charge opposite to that of the tracer ion (i.e., :
m;&ma of excess of the oppositely charged Im‘bma
ion

| 1&. a‘ Wahl mﬁ N. A. Bonner,
oML BERY, WO 1@ # 1550




. Xﬁ_ order to investigate the edsorption process Ve m‘& i';’
‘be familier vith he festors vhich influence it. The $wo
- mm% tuportent fastors sre: o
1) Tne charge upon the precipitate. o
© 2) e solubllity of eampounds formed from the fen =

 thet is aamaipizaua snd the ions of the pre- o
‘ aimva@h
- MM:‘ feotors avet
4) tme order of addition of resgents.
5) The speed of the precipitation formation.
" 6) In some cases, digestion may affect the mmmmﬁ

Discussion of Major Favtors

m effect of the presence of an excess of one of m
"lmﬁw 1ons may be shown by the use of the conespt of w
‘slectric double layer introdused by Vervay, James, Retner

\’mﬁ otugrs.3 Figure 2 shows how the lattice ions in mwaa
w:m potential detemmining es they are attracted to the
| mmfwm

o ?a K. mamw and T. B. Wnitnsy, Radlosstive Trater

3Wenl end Bonner, op. git., p. 124.



AgCl eryatal Rigld inner layer
f’ : /‘/é;;ntial determining ions ),y

Af Ag er "
Ag®T € _ K = Rigld outer layer
61‘ A% ¢L + & o
A%_ ¢1l _ kK ¢ g ' e
¢l Ag)| €1 | K<—=— Piffuse ocuter layer
Fig. 2.«-8ilver c¢chloride crystal in excess potassium
chloride.

i.

o - ——

We can see that the adsorbed chloride ioms in the rigld

| irmax* layer are held by the coulomble forces betveen them
snd the silver ioms in the lattice. The rigid outer layer
of potasalum ions 1s held more loosely in the same fashion.
The charge on the orystal then depends upon the number and
charge of potential determining ions. Adsorption of an allen
‘1on into the outer electric layer depends upon the ecoulombic
potential of the sdsorbed ions in the rigid inner layer.

It also depends upon the strusture of the lattice and the

' distance of clesest approsch. In Figure 2 the alien ions
adsorbed are positive. They might also be negative as in

AgCl orystal Rigld funer layey
v %_W ‘ {Potential determining mm)
.&g* m Ag' -3

A§* 61 A.g" WBT_—'\_ 'R,‘:s.gi& wtaw ’&W o

l
A% E £8q

e:r | HO3 <——Diffuse outer layer

Fig. 3.--81lver chloride crystal in excess sllver
nitrate.




Any ion which can fit into the crystal lattice 1s
classed as potential determining. It does not follovw thet .
this ion must be identical with lattice ions. The specifi-
cations are that 1t must be of a sultable size and charge to
allow 1t to fit into this lattice. The potential determining
ion must be identical with lattice ions or capable of under-
going replacemsnt with them.

Teble 1! 1llustrates the importance of an excess of
the anion aﬁf needed to produce the negative charge on the
surface of Cad0y necessary for carrying cations.

TABLE 1
CARRYING OF THE ThB BY Ca0y

e o
RExcess Bxcess ThB
Cat” 80y - Carried
; 1.7
i 5% 33‘32
900% 98.0%

It can be seen m& ThB is carried efficiently only when the

m{ ion is in excess.

“e. Fm«&landw and J. W. Kennedy, mwu to
tad: Oenemisory, P. 2&5'




The effect of the solubllity of compounds formed from m
lon that 1s coprecipitated and the ions of the precipitate has
been previously discussed in the defining of different "ﬁmé
of adsorpticom. It is spparent from the consideration of the
different types of adsorption that solubility iz dependent
upon effects due to charge, polarization, and size. Another
effect which must be considered is energy of hydration. If
these properties of the tracer and oppositely charged 1&%&&&

‘ mg interaction éhat leads to an insoluble
sund or stable camplex, this zeme strong interaction most
probably leads to sdsorption in the rigid part of the cmtag_'
slectric double layer.D

The work of L. Xn:praé shows the effects of solubility
upon the adsorption process. He studled the adsorption of
MX(Ra224), mesothorium 2(a?28), end MB(Pb?12) on the stlver
halides. The silver halides were shaken with solutions of
the radloactive nuclides, separated by filtration through s
membrane, and analyzed for their activity. The results are
shown in Table 2.

ﬁ‘n. Impre, Phy. Chem. A153, 127 (1931).
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solution 0.0156%

’
Wo can ses that mesothorium 2 snd thorium X are not as resdily
adsorbed an thorium B. The halides of mesothorium 2 gnd
thortum X are soluble, but the halides of thorium B are only
slightly soluble. Also mesothorivm €, having thrse positive
- charges 18 adsorbed to & greater extent than thorium X, which
has two positive charges. The frastions of mesothorivm 2 m&
thorium X adsorbed vary regularly, increasing with decressing
solubllity of the silver halide. This may be dus in part to
the greater polarization effect Ac'  and Ra' have on the
hesvier halide iens. The polarizability of the halide lon
inoresses with insressing size of the iom.

Discussion of Minor Fectors

If the frequency vith which ions are brought in contast
“with the interface force fields 1s a function of thely therms
wvandering, tempsratuve depsndence in edsorption prosesses is
£0 be sxpected. It is importsnt that the temperature effect




be known or that the temperature be held constent. The order
of addition of reagents determines whether the potential
determining fon is positive or negative on either side of

the eguivalence point and, therefore, determines whether ad-
sorption occurs before or after the equivalence point. Im
the case of surface sdsorption the alien ieons may be dlsplaesed
if lattice ions of like charge are brought to excess
tration. While the number of alien ions adsorbed and the
nunber displaced might be nearly the same, the time rates of
adsorption and dizplecement could be guite different. There-
fore the order of sddition of resgents becomes increasingly
important as the time sllowed for adsorptlon or dlsplesement
is shortened. In the case of isamorphous adsorption the order
of sddition of reagents iz not so important, since displace-
ment is not likely to ocour dwring a short time.

Since the adsorption progess occurs on nesr contact of
precipitate interface and charged ion, we must expect scme
The speed of precipitate formation deter-
mines the rate of adsorption, since it determines the rate
of erystal growith and the size of individumal erystals. Ad-
sorpition varies directly with the precipitate's area to
usit volume ratlo.

This ratio :ﬁa dependent upon the conditions affecting
precipitate formastion. The effects of changing these condi~
tions must be known, or the conditions must not be allowed %o

chenge throughout s quantitative investigation. Stirring vate,
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rate of flow of titrant, and temperature sre controllable
factors affecting precipitste formation.

Over a long period of time adsorption may be affected
due %o digestion. The time Intervals sllowed in experimentsl
work presented in this paper are not of sufficient length
to allow digestion to occur to an appreciable extent. |

The purpose of this investigation is to reveal the
effects of the forementionsd factors affecting adsorption
on some specific precipitates. It is hoped that the choice
of precipitate types will enable extension of the mwmam
gained here to other precipitates similar to those imvestigated.



CHAPTER II

In order to make a quantitative determination by volu-
wetric methods the following conditions are necessary:l

1) The reascticn should quiekly go to completion.

2) There should be only one resction tsking place.

3) There should be a marked change in scme Property
of the solution at the stolchiometrie point. |

%) ‘There should be an indicgtor avallable which will
shov the change at the stolchiometrie point.

Difficulty vith volumetric precipitastion veastions is
due to the lack of indicators vhich show the stoichiometric
“point, All the reactions investigated in this thesis sre
precipitabion resctions. The indicators suployed were sarrier-
free radiocactive isotopes in tracer concentrations.

As & precipitate is formed in the presence of a radio-
active isotops ions of the tracer lsotope may be sdsorbed.
It is possible vith suwrface adsorption that a marked change
in the amount of tracer carried by the precipitate might
oocur ab the stolchicmetrie point. If the charge on the
m&ipﬂaﬁa is appmiu the mw@ of the mﬂ.mmmm mm

" -

1w. e&. Pisrce snd E. L. Haenisch, Quantitative ;
p. 292,

il
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before the stoichiometric point, adsorption should increase
as the amount of precipitate increases. After the stoichios
metric point the potentisl determining ioms will have changed
causing reversal of the charge on the precipitate. Some of
the adsorbed radiocactive lons might then be ﬁiﬁp&ﬁ&a&‘ 3;"“
a change is not likely t¢ be noticed with iscmorphous aﬁsmw
%ion.

Figure 4 schematically shows the apparatus used in this
investigation.

Fig. k--Apparatus

The resctions were carried ocut in eylindrical crystallizing
dishes which were f£ifty millimeters desp end one hundred
millimeters in dismeter. For each reaction the dish vaa |
mounted on the top of a magnetic stirring device. order
that each dish should be placed in exactly the same position




as the others, a circle sz;a‘mspmins to the ciroumference
of the dishes was drawn on the stirring unit. The stirving
rate was kept constant mwm the sntire investigabtlion,
Activity in the solubion was followed by ths counter tube
‘mounted sbove the dish. The tube vas mounted im a fixed
position so that the geametry of the situstion was held con-
stant. A measured gusntity of one of the resctants was added
from a burette mounted above the dish. The position of the
burette was fixed, and the rate of flow of titrant was kept
as constant as possible.

Pulses from the counter tube were received and recorded
by a decade scaling unit. An slectric timer was started by
the same switoh that activated the decade unit.

A blank was »um in order to determine the total effect
of the following factors: ,
1) Dilution of the active solution during the titration.

2) Change in height of the active solution during ad-
dition of the titrant.

3) Passing time allowing possible adsorption of the
sctivity on the surface of the dish.

The procedure for mmning the blank was ldsnticel with
that for the reactions, except distilled water was used in
the burette as titrant and in the dish as solvent for the
radioactive isotope.
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The procedure for yunning the reaction determination
was as follows: |
1) Pix the concentration of the reactent in the dish
8o that the stolchiometric point will theoretically
ba at 25.0 ml. titrant.
2) Take a bmmm sount.

3) ada radioactive isotopes until the activity of the
golution reaches the desired level.

4) sﬁng the total volume of the solution to a fixed
VaLuS .

5) With the apparstus in place as shown in Figure §
record the sctivity of the solution in the dish.

6) Begin the titration. Titrant 1s to be added in
5.0 ml. portions until 20.0 ml. have been added.
It is then added in 2.5 ml. porsions wmmtil 30.0
ml. have been added, after which two 5.0 ml. and
ona 10.0 ml. portions are added.

7) The solution is stirred at a constant rate for
2.0 minutes after esach addition of titrant. A
time interval of 2.0 minutes is then allowved for
settling of the precipitate. The activity of the
g%ﬁiﬁ is then measured over a 1.00 minute time

8) After the titretion is completed the dish is re~
moved and a background count is taken.

The concentrations of reactants were made low enough to
insure that the precipitates formed would occupy a small
volume with respect to the total volume of solution in the
dish., After settling of the precipitate the solution asbove
1t acted as an absorber for beta and alphs perticles. Theire-
fore the only activities observed could have been alpha snd/or
bets particles from the top few millimeters of the solution
and/or gamms emission from the total contents of the dish.
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S8ince each titration tock little more than one hour,
constant temperature was easlly maintained. Room tempera~
ture was checked and found to be conatant over the deter-
minstion time.
| Possible effects dus to reversal of the order of
addition of resgents were investigated:. Eaeh precipitate
was formed twice, once for each reagent as Litrant.

The radiocactive isotopes used as indicators were in-
troduced only in trecer concentrations. Macro amcunts of
the tracers might form precipitates with scme of the resagents
used. Hovever, concentrations of the isotopes were s0 low
that the solubility-product constants of possible precipitates
vere not exceesded. |

Adequate precautions in handling wsdiocsctive isotopes
were taken to insure the safety of the investigator. The
following rules for laboratory procedure vere followed vhen
they applisd to the situation:

1) . . . wesr protective clothing in the laboratory--
« + « keep 1t there.

2) Wear pocket chambers during all lsboratory periods.
+» + » Avold jarring them severely.

3) Do not use the mouth for pipetting end do not put it
in contact with any other sapparatus in the laboratory.

4} Do not smoke or eat in the laboratory.

5) WBse hood in all cases vhere radliocactive material may
be lost by volatilization, by dusting, or by spray-
ing or spattering. Work with closed contalners
vhersver possible.



6)
7)
8)
9)
10)

11)
i2)

23)

Meter all rediocactive samples end determing the awa
wvorking distance or shielding procedure befors be-~
ginuing work with them,

Avold hendling samples in such g agam# my wmw
active m‘bws.ul can be trensferred
othey pﬂa of the bedy.

Plan your vork carefully to minimize any danger of
spilling radiosctive material, Work over absorbent
paper so that 1f slight losses ocowr they will be
caught by the paper, which is disposable. . . .

§@!

If radionctive material should be spilled on %he
floor, commence taking requisite steps for ﬂ&mm
it wp Milﬁlya » e ¥

Heter your working spsce at the be rmgorw*
working period mg again at the mgim

Wesr rubber gloves in the laboratory while m&w« ‘
lating active materials.

All radiosctive waste must be disposed of in con«
tainers provided aazoaiauy for g‘a&# purpose. A~
cumulgted wasts is to be buried. '

Table 33 shovs the reccemended dally talwm: dose a3
established by the United States Atomic Ensrgy Commission.
Present tolevance levels ave lower then those showmn balw.

" the tolerance level for beta and gamma radlations is novw

0.3 vep per week. Tolersnce doses in the table below are
expressed in roentgens (r), roentgen equivalents mammal {vem),
and voentgen egulvalents physical (:mp} . |

%u Bleuler and G. J. Goldsmith, Experimentsl Busleonlos,
14-15,

31bid., p. 7o




Tolerance Dose for B-hr Day
Type of Radiation " - ‘ ’

r rem rep n
X Pays 0.1 0.1 0.1 PO
Gauma rays 0.1 0.1 0.1 e
%ﬁ% mﬁi@l&s s 0.1 G.1 T
Past neutrons eee 0.1 0.02 0.01
8lov neutrons ven 0.1 0.08-0.05 ew
Alpha particles ves a.z_ a.a; ‘ vee

This [the roentgen] is & wnit of energy é&asipamm,
" not a wnit of radiation intensity. It is defined as that
quantity of X rediation (or gama radlation) for which
the secondary particles emitted per 0.001293 g of air

{ = 1 om3 at normal conditions) produce, in alr, ioms
carrying one esu of electricity of either sign. . . .

s & ® m M’V&d m%; m - 8L 4:14 VI';”‘_;,:' h Shly '~ i '.,.m;;w\
, then, is defined as being ® quantity
& veiat m m@h suffers sn abamtim in tisaw of
93 erg/g.

Since various typss of radilastion do not mdw&
procisely the same biclogical effect, it has been pr
posed that a second derived unit vhich takes thzs factor
into account be used. The relative biologlecal effective~
nese (RBE) of tissue ionization due to s certain type of
radiation is taken as the ratio of the ionization pro-
duced by gamma rays to that dus to the radiastion under
cousideration vhich will produce the ssme biologleal
effects., Unfortunately, wup to the present, there are no
very good values for RBE in man. Generally s value of
unity for bets radiation and wvalues from 5 %o 10 for
neutrons and sipha pmmlaa km been recommended. . . .
The M’mﬁ m:!.t ects into agcount is

he rosntgen egulivs {or man) fm). J:t is




sn effect squivalent to the adsorption of one
rm&m of X radiastion or gamma redistion. Ons rem,

then, 1s egual to 1 rep/RBE; or the ene WM
viﬁk’a dose of 1 rem is aqu;l teo 93 wg%

sults

Fouwr radicsctive izotopes were used in this iuvestigation.
They were radiophosphorous {P% ), radiociodine (}:133‘3, radlo~
barius-lanthenum (Bat'0-1a2%0), ana naﬁ&mﬂm~wm@dm§@
(CollMi ppliiy

Investigation with P32

The radiophosphorous used vas obtained from the osk Ridge
Sational Leboratory. It was produced by 332 (n,p) 232
reaction., Its chemical form was phosphate in weak HC1 (<€3 5&) ’
and 1t was 99% pure with a high specific asetivity (~0.025 mg
P/mc). The total solids present were less than 5 mg/me. ?WA
our purposss the radiocphosphorous was cerrier-frees. This |
perticular form of P32 is readily available, as it is a stock
1tem. Its price is reasonsdble at $1.10 per me plus $10.00
service charge per order. The half-life of P32 is 14,30 days,
 and 1t is a pure bets emitter giving off beta particles of
1.712 mev. -

The water blank curve for radiophosphorous is shown S.u
Figure 5. The following titration curves for P32 as 1ndiscator
have been normslized at 20.0 ml. titrant with respect to the
*nhax* blask curve in ?1gm 5.

”wm., Pe 5.
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Aetivity in counts per minute
26 #0008
25,009
22,000
20,000,
18,000,
16,000,
14,000
12,000
10,000,

8,000

6,000.]

4,000

-

I IR LRI

1}

-ttt 1r1reT

m., %1&;»@?{32@) %0 30 15 &

Fig. 5--Water blank curve for radiophosphorous

The effect of normalization was to give a titration curve
showing no effects due %o dilution upon addition of titrant,
change in height dus to addition of titrant, snd possible ad~
sorption on the surface of the dish over the titration periocd.
The formula for normalizetion 1ls:

[a.&—]x&‘ = xv

8y

where A 1s the sctivity on the water blank curve at 20.0 mi.
titrant, ay 18 the activity on the water blank curve at v ml.
titrent, and M, is the activity on the titration curve at v
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ml. titrant. Hy is the value for the activity on the noymal~
 ized titration curve. [_A |is callsd the normslizatlion
rm?:mm Table 4 gives ﬁgg normalization faoctors obiained
from the P32 water blenk curve.

TABLE 4

IZATION PACTORS FOR P32 WITH INTTIAL VOLUME BEFORE
BITION OF TTTRANT EQUAL 70 60.0 ML

¥l. Titrent !mdizaﬁm Factor

0 * * % * & N &5 % 9 & & & & & & 5 & & gﬁﬂ

s % % 2 * 4 ® & B A& ¥ 5 8 5 5 B O ® & B % ' ’
16 L I R T I T A D T D I D I S B S R 9 lg?ﬁg
15 ¥ 4 & 4 8 A B 83 3 3 9 8 B 3 ¢ & £ 3 3 3 @ » @5@5 :
20 # & & 8% s & 2 8 & * e A & = 3 5 & F 1 » 0353
22 » 5 2 & 5 B & 8 & 8 2 %5 % 6 ¥ 3 &£ A % & = i »936{} :
35 TSR A 20 T T TR U R T T T T 2 TN S R T T laam -
2? » 5 # % % & B # 5 v A & 5 & & # B § x S - 1 '0?75
39 B 8 M A % & % A &5 & & 5 € & & 4 s w8 & 1' 395
35 [V I S 2 I T D I R R D L T T I B 3. il 144
@9 B A B & % & & ¥ 5 A 3 & A & & T 8§ s &5 A 3« 01 w
5& ® B B A B B & & &£ 3 B A S A & 8 A 3 » =

1.2753

Division of the sctivity at volums v of titrant on the fol~
imaag éim*atien ém&i by the émsms nmﬂwamm
 factor at that volume yields the wmnomslized valus of
wtivity vmm%suz ocbserved.

Bm to the random nature of nuclear transitions a aﬁm '
tiz;sﬁcal erYroy vil:& always ha mm& in ma.awm wﬂvﬁ.tﬁ.@a‘
%amwﬂibawlxwml to m aqwmt of the mee-
smd sctivity. %@ stﬂmtwu}. ms involved in measuring
activity frem P32 ave mmall with respect to the aotivity.
They are thsﬂfm "?&;taéaly represented by the thickness of the
lines drawn to répresent the titration curves. |
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In ‘each titration the radiophosphorous was present in
& m*aetr concentration in the dish. The solution being

. %itrated was alvays brought to 60.0 ml. total volume vi‘m

distilled water. pefore beginning the titrstion.
Pigure 6 shows the titration curves ehtameﬁ by msipz*

tating Ag3AsOy in the presence of P32 s PO4".

. Hormslized activity in counts per minute
'35*933\4

Curve A

30,090

!iit!!tl‘!‘il

25,000

20,000

/it:iii

- Curve B
1@ 000 e . ,
6 1o 5 45 to
Nl. titrant
Pig.- 6--‘&33&89@ in the presence of p32

13311:3%

The stoichioametric point in curve A 1is mmtiemy :
16,66 ml. titrsnt. This is the only exception, The ako&ﬁhﬁ.a»
metric points for all other titration curves in this tmau m
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at 25.0 ml, titrant, Ag3As0O, iz s fins precipiiate and
camplate settling vas not obtained, o
" Gurve A in Figure 6 results mma.&gnmg
" to a solution containing 12,50 ml, of 0,300 K AgNO3, Curve B
" in the seme figure results from adding 0.150 M AgHO3 to g
golution containing 25.0 ml. of 0,150 N NegHASOK. o
Pigure 7 shova the Sitration curves obtained by Fecipi~
| Wmmm:@n&w&&ﬁﬁwﬁm .

mm sctivity in counts per minute

Curve A

d

g
"f§‘
A
|

11

3

1+
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Curve A in Figure 7 results from adding 0.150 ¥ ﬂa&% |

%o & solution containing 12.50 ml. of 0.300 M AgN03; curve a
mwlw fros adding 0.150 M AgNO3 to a solution m&tmmg

N 'asﬁa wl. of 0.150 ¥ KaCNS. The settling vas mot emplem, |

_ Most of the precipitate went to the bottom, but emough Te-

B mained suspendsd in the solution to make it zurmd.t

| Figure 8 shovs the titration cwrves cbtained by precipl~

tazmg AgCl in the presense of 32 a3 POy -

| ‘ﬁmuﬁ activity in coumts per minute

L . Gurve A

65,000

55»99‘9

45,000

ii!iliit!i!l!!!i!li

35&59\

Ml. titrant

Fig. 8~-AgCl in the presence of p32
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Curve A results from adding 0.150 ¥ K61 to s solution
gontaining 12.50 ml. of 0.300 M AgNO3. €urve B rosults
u&ﬁing 0.150 ¥ Agho3 tc a solution containing 25.0 ml. of ‘
0,150 ¥ K61 EEAs
; Surda of Agll. fl@atad during the titration for @uz!% ,au.
This was prevented ia the titration for curve B by the m»» )
tien of "Joy" liquid detergent. In both titrations scme w |
was reduced to Ag® by photochemical action.

~ Figure 9 shows the titration curves cbtalned by Wiﬁi*’
" tabing AgI0s in the pressace of P32 as POy .

Hormalized astivity im counts per minute
Curve B

35,000

30,000

ad
o
ad
L d
e
aad
-

25,000

20,000
15,000_
10,000 fCumves .
T is 2 30 ~do%
Ml. sitrant -

Fig. 9--Agi03 in the presence of p32
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Curve A in Pigure 9 results from adding 0.150 M E&k‘%

%0 a solution containing 12.50 ml. of 0.300 M Aghij. e:ww a

R 1in the seme figure results from sdding 0.150 M Agho3 to &

sclution containing 25.0 ml: of 0.150 M Nal03. Settling wf’
: “ Aamg was good with very little precipitabte left ampama
2 jlm solution.

Figure 10 shows the titration curves abmm by mwip&t*
.%t:ms Ag3POy in the presence of P32 as ?@g ‘

. Formalived activity in counts per minute
- 20,000

1

Curve A

T

15,000,

i

5,000
Curve B =~ K
0 . , ' o
L) 1o 55 35 Ty %
M1. titrant

Pig. ia-v—Agg?ag in the presence of P32

Curve A resulis from adding 0.150 M AghO3 Yo a wlmxm'
contalning 25.0 ml. of 0.150 M KHpPOy. Curve B resulis from
adding 0.150 M EH2POy to a solution contalning 25.0 ml. of

0.300 M Aghos.
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o Settling of the precipitate was very good with very

| 11%tle left im suspension. |
Figure 11 shows the titration curves wm by Wﬁpﬁ,a
. tating BasSOy in the presence of P32 a8 POy .

. Normelised activity in counts per minute

15,000
10,000 |

5,000

M1, titrant |
Fig. 11--BaS0y in the presence of P32
Cwve A results from adding 0.100 M 3&(!&3)3 toa aa&uw
tion containing 25.0 ml. of 0.100 N Nag80y. Ourve B wmmxf |
from sdding 0.100 M Nep80, to a solution containing ﬁs.e 3151
of 0,100 X Ba(N03)o. o
Settling of the precipitate was good with little &wma

- sion in solution.



Investigation with yi31

The radiociodine used was obtained from the Oak Ridge
National Laboratory. It was produced by fission and had a
half~life of eight days. It vas carrier-free in the form éf
99% pure Nal in Hay80; sclution of basicity 0.005 K to 0.05
¥ NeOH. The radiations from I131 are 1isted in Table 5.

TABLR 5
RADIATIONS oF Y131 1y Mmv

Gamma
0.720
0.364
0.284
0.080
~ 0,16

This particular form of radioclodine is & readily avall~
able stock item priced reasonably at $0.75/me plus §10.00

gervice charge per order.
Figure 12 shows the water blank curve for 1131,

wﬁigitx in counts per minute

%,300

d——do— T I T 140 15

Total volume in dish in ml.
Fig. 12--Water blank curve for I131
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Values for nomalization factors in Teble 6 were derived
from the curve in Figure 12. ;

Ml. Yitrant | Nommallzation Factors | Normalization Pactors
~ for Initial Volume
) o B KL,

o o B s ‘

The statistical errors involved in msasuring the activities
fran 1331 are represented by vertical lines through the points
on the curves for Y131 dsterminations.

The following titration curves for X3! as indicstor have
been normalized at 20.0 ml. titrant with respect to the water
blank curve in Filgure 12.

In the titrations represented in Figures 13 and 14 the
solutions being titrated were brought to 60.0 ml. total volume
with distilled water before begimning the titration. In the
titrations represented in Figuwres 15 and 16 the solutions being
titrated vere brought to 100.0 ml. total volume with distilled
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vater before begimning the titration. The radiolodine was
. present in a traser concentration in the dish in each i~
tration. | |

Pigure 13 shows the titration curves obtalmed by prescipi-
$ating Ag0l in the presence of I3l a8 I =

oi’ﬁ 35 1T i
¥l. titrant

Fig. 13--AgCl in the presence of 131

Curve A results from sdding 0.150 M EC1 %o a solution |
containing 12.50 ml. of 0,300 M Agh03. Curve B results fram
adding 0.150 ¥ Agho3 to a solution containing 25.0 ml., of
0.150 ¥ X¢1. | |

“3oy" 1liquid detergent was added to prevent floating curds.
However, in the titration for curve A there were a few curds
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floating up %o 10 ml. titrant. No curds flested in the 21~
tration for curve B. Heve agaln Ag ves redused to Ag® by
pchemical action, |
Pigure 14 shows the titration curves obtalned by Wwi“
 AgI03 in the presence of 1131 a8 17

| ﬁ%w activity in counts per minute

i

A5 5o %
3.in the presence of 1131

furve A results from afding 0.150 K AgRO3 %o & solution
ning 25.0 ml. of 0,150 K FaI03. Curve B results fras

 sdding 0.150 M Nal03 te s solution containing 12.50 ml. of
0300 ¥ ums
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Figure 15 shows the titration curves obtaimed by precipi~
tating AgCNS in the presence of 1331 as I~

Nomalized activity in counts per minute
1,500y

Curve A

I

LI 1
\/*

1,000

500"
— Curve B
St %% i &
Mi. titrant

Mg. 15--AgCKS8 in the presence of i3

Curve A results from adding 0.150 M AghOg to a solution
containing 12.50 ml. of 0.300 X NalNS. Curve B resulis from
adding 0.150 M RaCN8 to a solution sontaining 12.50 mi. of
0.300 X AgNO3. |

In both titrations the m@ipiﬁatg yemained dispersed
 in solution with poor settling up to 20.0 ml. titrant. Then
curds formed and «»*l1iag became better. However, s few curds
 remained floating for the remainder of the titratioms.

Figure 16 shows the titration curves obtained by precipi~
tating BaS0y in the presence of 1131 as I~




Rormalized activity in counts per minute
2,5@%

LR ]

Curve B

N

2,000

13%\

-rrrr+rrrrrerrt

1,000

+s

M1. titrant
Fig. 16--BaS0y in the presence of 1131
Curve A resulis from sdding 0.100 M NaoS04 to s solution
containing 25.0 ml. of 0.100 ¥ Ba(N03)p. Curve B results from
adding 0.100 M Ba(¥03)p to a solution comtaiming 25.0 ml. of
0.100 Kap30y. |
Settling was good in the bitration for surve A and exoel-
lent in the titrstion for curve B.

Investigasivis with Bel?0-14340

The 3&159%1% used in this investigation was obtained
from the Osk Ridge Nablonsl Leboratary. It was prodused by
rission Batt0 (12.8a) P — 1140 to o purity of 98% exclusive
of daughter. The chemical form Was as chlorides in less
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~ than one normal HC1 with no added carrier. Radiations from
Bel?0.14180 ong given 1n Table 7. |

TABLE 7
RADIATIONS PROM BaliO-1g1%0 1y MEv

AL W3 s A AN B A A A A ) A WP R

Isoto ﬁaﬂi&im
Isotope . : .
Beta Gapma
Balt0 0.48 (40% ¢.306
“ 1.0@2((2&;} 9.2&9
0.5%0
« 140
1.67 (2 0.33
1 (4] o35
0.82
é'gﬁ 4g)
2.9 (%.153

This form of Bal¥0-151%0 1a processed at three month
intervals and priced at $1.00/mc plus $10.00 service charge
per order. The half-life of Bal'? is 12.8 days, and the
half-1ife of Lal%0 is 40 hours.

The vater blank curve for Bal?0-Lal%C 1s shown in Figure

iT7.
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Activity in counts per minute
2,300

2,100}
1* ' \

1,700 _ , ) .
2 %
Mi. msrm?(age) % i %

Pig. 17--Water blank curve for Ball0.p,140

Formalization factors derived from this curve sre shown
in Table 8.

TABLE 8
70 100.0 ML,
Ml. Titrant ‘ Normalication PFactor

Q 2 & & 5 e B3 5 & T " 2 e & 8 e & e @ .3953

5 * L 4 * » L 4 k2 - [ L ] L 4 » L * L 4 » » - ] L J “%4 v
10 ¢ ® ¥ B £ ¥ & B B & S ¥ F T B & ¢ ® ® 6&9 0G
3'5 * 8 % B 8 % & B+ % 6 ®W e & B ¥ & ® @ 0:97?3
26 ® 5 % 8 % & A & & € & ¢ F 2 s & s » @ }» le
22 . 5 *® " & & & ¢ B 2 & 5 6 @ & 2 s & e @ 2. .W
25 S 5 & 6 % 8 % 2 B " F & & & 5 5 & B » 1 -0}.
2? »5 L T I A L 2 T O B A i .W@
3@ ¢« & 6 5 B ® e & B 5 & 8 ¢ &6 ¥ & & B » 5@
; 5 5 8 2 % & % & ¥ 6 e 6 6 & ¥ ¥ & & ¥

14 R A I A I T I I I R 1 065%
59 ¥ & B 8 % & & & & T & & 5 w " & s o @

Following titration curves are normalized at 20.0 ml.
with reapect to the waber blank curve in Figure 17.

In esch titration the Bal%C-Lal%0 were present in tracer
concentrations in the dish. The solution beling titrated was
always brought to 100.0 mi. total volume with dlstilled water



) ‘, bif ‘the width of the titration curve.
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before beginning the titration. In the titration mpwmnm
by Figure 21 excess La(NO3)3 was added to the solution ln. m
" dish just before begiuning the titration. In the titration
 represented by Figure 22 excess NeNO; vas added to the sam“
© tion in the dish before begimning the titration. -
~ Btatistical srrors involved in measuring ectivities 5'7{; .,
. _Ba?w«-ia}‘w in the following determinations are mmmnm

Pigure 18 shows the titration curves obtalued by pre i,ﬁi*
tating AgONS in the presence of Balilg.mlﬁa as Ba'' m W—q—.‘.

xgwaalizm astivity in comts per minute
Curve A

‘%fitt&t:it

~ Curve B

M1, sitrant
. Pig. 18--AgCNS in the presence of 3.3-8%,&1#0

¢urve A results from sdding 0.300 M AghO3 to a sclution
~contalning 25.0 ml. of 0.300 R KaCNS. Curve B results from
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adding 0.300 M NalN& to a solution containing 25.0 ml. of
0.300 M AghO3.

Settling of the precipitate was good with very little

suspension in solution.
Figure 19 shows the titration curves obiained by pre~
cipitating AgI03 in the presence of Bali0.1140 o5 mot*

+ +4

and La

&

Rormalized activity in counts per minute
25,000

Curve B

16,000
15,000
14,000,
7 13,000,
12,000,
11,000_

/

10,000 et
Pig. 19--AgIO3 in the presence of BallO.pal%0

EREEEEREEEEEEEREEN




37

Curve A In Figare 19 results from adding 0.300 ¥ AgNO3
to a solution contalming 50.0 ml. of 0,150 K Nal03. Curve B
in the same figure resulis from adding 0.150 M Kal0; %o &
solution contaiming 12.50 ml. of 0.300 M AgHO:

Settling vwas excellent with no noticeable suspension in
solution.

Pigure 20 shows the Sitrations curves obtained by precipi-
tating BaS0; in the presence of Bal10-1a1%0 &5 Ba™" and 1a'*,

g:mgﬂzm activity in counts per minute
5,000 ‘

Curve B

30,000_]

25,000

20,000

Tt

15,000

E

13, #2678 N

5,000 L. Curve A
¥Kl., titrant
Fig. 20--BaS0y in the presence of Bal#0.pa140




Curve A results from adding 0.100 K Ba(N03}p to & solu-
~ tion contaiaing 25.0 ml. of 0,100 M Nap30y. Curve B results
 from edding 0.100 B NapS04 to & solution containing 0.100 M
- Ba(N03)2. :
Settling of the precipitate was excellent with very
1ittle noticeable suspension in solution.
~ Pigure 21 shows the titration curves cbtained by piscipl-
tating Ba%0y in the presence of Bali0-Lell0 45 Ba
" snd excess La(NO3)3.

Normelized aotivity in counts per minute
19,000 ,

Curve B

13,000 Curve A

12,000 ]
11,000
10, ,. . . » .
R o 5o kL) %
Pig. 21¢-BaS0y in the presence of Balt0.16380 gna excess
La(N03)3 as cerrier.

Curve A results from adding 0.100 ¥ Ba(NO3)2 to & solu-
tion contalning 25.0 ml. of 0.100 Na2804 and excess La(N03)3.



39

Carve B results fram sdding 6.100 K NapS0y to a sclution n&u
© %taining 25,0 ml. of 0,100 X Ba{N03)2 in excess Le(W03)3.

' Pigure 22 shows the titration curves obtained by precipi-
© tating BaS04 in the presence of Bali0-1e1%0 as Ba™ " ana Lt
 end excess NalNo3, -
Ww activity in counts per minute

L 40 ,
10,000 | Gutve B

| Curve A it
HNl. titrent

e Pig. 22--BaS0y in the presence of Ball0-Lald0 and excess

S TTTTITTITY I

~ Curve A results from adding 0.100 M Ba(N03)z to & saoms-? |
tion containing 25.0 ml. of 0,100 K NapS0y and excess NaNO3.
~ Ourve B results from adding 0.100 N Nap8S0; to a solution com~
 taining 25.0 ml. of 0.100 M Ba(NO3)p and eacess NalO3. |
Settling of the precipitate was good with 1ittle suspen-
sion in solution. ‘

Investigation with Cell¥_pplil

The Celid-prl¥! used in this investigation was obiaine &,
. fvom the Osk Ridge National Laboratory at $1.00/mc plus $10.00
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service chargs per order. It was produced by fission Gelid
- {2?%),8”?1'1“ to 98¢ purity exclusive of %1#\1' zaw@
carrier-free as CeCly in less thau thres normal HCl. The
concentration of Cel'l was less than 10§. This form of
celtpplt 15 4 readtly avatleble stook ttem. Its redia-
tions are listed in Table §.

TABLE 9
FTONS FROM Col¥H.ppldd 1y gy

Radiations

Isotope N
Bata Gauma

cel¥ 0.13 {strong)

ppltd .0 (~90%) | 2.2) ~
i g %-;} < {10%)

The half-1ife of Cel'¥ 15 275 days, and the half-1ife of
 pri® 35 17.5 minutes.
The water blank curve for Colll. pplik 1s shown in Figure
23,
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%y in counts per minube
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Hi. titrant (H0)

625_

8
8

53:@6@;
56,000

54 ,0
52,000

50’ Bid: ¥

48,000

46,000

- Activi
64,00

Fig. 23--Water blank curve for Celli_pplih

The nomuslization factors shown in Table 10 were derived

fron the vater blaenk curve in Figure 23.

TABLE 10
XZATION PACTORS POR G 'Y -pyl% yrvs mnymraL vorme

Normalization Factor

1.1069
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The following titration curves for celi_ppllth as indi-
cator have besn normalized at 20.0 ml. titrant with respect
to the water blank curve in Figure 23.

- In sech titration the oA -2rli% peve present in tracer
concentrations In the dish. The solution being titrated was
always brought to 100,.0 ml. total volume with dlstilled water
before beginning the titration.
© Statistical errors involved in measwring setivitiss from
the Cel* -ppl¥ 14 the following determinations are represented
by the width of the titration curves.

' Figure 24 shovs the titration curves obtained by precipi-

tating AgCNS in the presence of Cet'i-ppl¥ o5 0™ " and pv ",

80,000,

70,000_

[ oewws
&a,&@aﬁ, iéﬁﬁ 35 T 50

¥l. titrant
Fig. 24--AgCNS in the presence of as“#%l“
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Cmrve & results from sdding 0.300 M NaCNS to a soclution
containing 25.0 ml. of 0.300 K AghO; . Curve B results from
adding 0.300 M 4gW0; %o a solution comtaining 25.0 ml. of
0.300 B RaONS.

Settling in both titrations became excellent only after
15.0 ml. titrant. %The solutions wers turbid up %o that point.

Flgure 25 shows the titration curves obtained by precipl-

tating A4g103 1in the presense of Coldd.ppldd g3 go' ™" ana P,

Kormalized activity in counts per minute
90,000 ‘

L e

1 Curve B

Tttt

—t

11

i

o 3%

1. titrant
Fig. 25--Ag10; in the presence of Cel’d.pylid
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' Gurve A results fram adding 0.300 M AgWO; to 8 solution
containing 50.0 ml. of 0,150 ¥ Nel03. OCurve B results from
adding 0.150 N ¥al03 to & solution containing 12.50 ml. of
0.300 M AgNO3.

Settling wes excellent with no noticeshle suspension
in the solution. -
Figure 26 shows the titration eurves obtained by precipis
$ating BaS0y in the presence of Col¥i.pplit 55 8a'"* ana ‘ﬁrf**;

Normalized sstivity in counts per minute
90,000_

N Curve B

50

—

Fig. 26--BaS0y in the presence of Seltl.-pplii
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Curve A results from adding 0.100 M aa{mg}g to g solu~-
tion containing 25.0 ml. of 0.100 M Nap80y. Gurve B results
fran adding 0.100 M Bap®0; to a solution containing 25.0 ml.
of 0.100 M Ba(Noz),-

Bettling was excellent with very little suspension in
solution.

Figure 27 shows the titratlion curves obtalned by precipl<
tating Ba30y in the [vesence of Cel'¥-pri¥¥ sz 0o’ " ana Prtt*.
This determination is a repetition of the ome represented In
Pigure 26. It was done to check reproducibility.

‘xa.zed activity in counts per minute

§¥i§

Curve B

. %

Pig. 27--Repetition of the titration shown inm Fig. 26
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Curve A results from sdding 0.100 M Ba(NO3)y to a solu-
tion containing 25.0 ml. of 0.100 M Nap30y. Curve B results
from adding 0.100 M Kag80y to & solution containing 25.0 ml.
of 0.100 ¥ Ba{N03)p.

Settling vas exvellent with very little suspension in
solution.

Investigation with Mixed Isotopes

Figure 28 shows the water bdlank curve obtalned using a
mixture of Celld-prd¥ ang P32 gpgeers.

ﬁéﬁ.ﬁw ia sounts per minute

* | 20 , o ‘
i. $itrent {1:2@) 3 0
ngg. 28. -Water blank curve for mixture of ColltH._pplith

The procedure for obtaining the curve in Pigure 28 was
as follows:

1) Put 95.0 ml. distilled water in the dish and take a
background count on 1it; {Background = 130 opm).

2) Add P32 and take a count for 1.00 minute. (Count =
51,083.)

3) Pause 1,00 minute; then add Celd’.pplil  waye o
em& for 1.00 minute; {Count = 101, 182}
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4) Bring total volume to 100.0 ml. with Hg0.

5) Begin the titration following the procedure used
in preceding titrations.

6) After finishing the titration take a
Qmjg; pgroung « 13 m} mm

The nommalization factors in Table 11 were derived from
the curve in Piguwre 28.

BQUAL T0 uwmz,.

¥i. Titrant Nomalizstion Factor

: 9 * & ¥ B 4 8 B s & B * w & & & € B B £
5 $ ¥ ¥ B € & w B & & 5 € & & ¥ s B & »
19 * % ¢ & % & * & £ 2 & & & 9 S H 5 5 ¥ ¥
15 « ® & * B » & & 2 4 B » & ¥ s & & ¥ s @
2@ * 8 & & & ¥ = H & £ & 5 ¥ 3 & + €& = s @
32 . 5 S B 5 0§ B % 4 5 5 e ® E s & & T
25 & » F B ¥ 4 3 & B 4 & ® ¥ ¥ 5 » & € &
2? £ 5 w % ¢ & & & 2 6 ¥ & & 5 5 » s 5 ¥ & =
3& # & ¢ % ¥ & & & B & K #$ 2 = & & ¥ 2 & &
gg s s & 8 & ¥ & B ¥ & s 4 & & & % B & ¥
h * 4 & & € 9 6 ¥ & ¥ $ B E F € ¢ 5 W B *
5@ s # % & % ¥ & ¥ ¥ B B 5 & * @ & & 8 8§ e

The following titration curves for the mixture of ool
Pri* opa 232 nave besn normalized at 20.0 ml. titrant with
respect to the curve in Pigwe 28. The solution being titrated
was slways brought to 100.0 ml. total volume with distilled
Hy0.

Statistical errors are represenited by the width of the
titration curves.
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*'%M 29 shown the titration owrves chtalned |

Curve B

TR TTTTR

ponit wﬁwnm The trecer mixkurs I
" by sdding m wntll the astivity ves 43,202 opm end

Wl the astivity was 106,590 opm.

taintng 25.0 wl. of s::,sw ¥ NecHS, raser mixtwre 3
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Activity in counts per minute
- K,R000 _

- 4 ,«%&

3,000 , , ,
Ml. titrant

140718, 30s7-Ba304 in the presence of = mixture of Bal

The procedurs folloved in obtaining Pigure 30 was:
1) Take & background count (60 epm).

2) Put 25.0 ml. of 0,100 X Ba(N03)o in the dish, add
70 ml. Hp0 and I131, Recora activity (1033 cpm).

3) Add Bat¥0.143%0 gna pecord activity (5018 opm).

%) Bring total volume to 100.0 ml. with distilled H,0.

5) Begin the titration adding 0.100 M Nap30y.

6) After the titration record background {61 cpm).

No vater blank was »un for the mixbure of BallC-Lal40
and 1131, a8 there was only emough Y131 for ome determi:




Previous work in this field by Bewmen P. Bullochl did
uot yleld the same results cblained here. In the previous
- wopk a dipping counter tube was used. The active m:mkim ’
was pulled through a filter stick inte a cylindeiesl glass
thazbeyr in which ths counter tube was plased. The active
golution was exposed to a great deal of glass surfage. Ons
suggestion made by Mr. Bulloch was that adsorption of the
activity on the glass snvelope of the counter tube prevented
noticeable fluctuations in measured soluticn sctivity during
the titrations. Ancther possibility is that the time Inter-
vals involved were not held consistent. M

| Curve A of Figwree 10 in this thesis corresponds to soue
of m@rfs work. He titrated 0.001 K NaHPO; in smmonia wﬁ

lﬁaw Payne Bulloch, "The Adsorptior of Radiosotive
: fimtapw xm Wipitms, Papublished Master's thesis, Dept.
of Chemistry, North Texas State College, 1954

W E gL 3 _5} PD. &39"’#30
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smoniun ehloride solution with 0.01 M Mgll,. The curve

obtalned by lLanger shows the same bebavior at the stolchio«

metric point ss curve A of Figure 10 in this thesis. Cwrve

B of Figuare 10 1s not related to the work of lLanger, as hs

alwvays placed his radiophosphorous in the resgent phosphats
solution used in the titration.

Charasteristics of Curves

Several different curve types were observed in this
{nvestigation. TWo types were prominent in the investiga-
tions with P32, Ball0.1e140, ana cel®_-ppl#h, wmanle 12
1ists examples of these two curve types. |

TABLE 12

Type I | Type IT

g

Flgure Suwrve Flgure

20
24

28
28

20
25

ot
55

papaep |

HErESE

Pype I curves show rapid adsorption at the beglmming




titration with noticesble displacement of adsorbed redio-
active ions around the stolchiometriec point, Type II suw
shov 1ittle sdsorption mﬁn the stoichiometric point $a |
approached with rapid sdsorption sround the stolchiometric
point and little displacement after 1t. -
The charscteristic shape of some of the curves for

| .&g@l is dus to floating of the precipitates. The rise in
. eotivity during floating shows that sctivity is ewwam
»tm m wwﬂsﬁm

" he water blank curve for 1131 is ancmalous %o m other
mw mm ew«a in this thesis., It is the only mw blank

;miuﬁaa.. im is the only tracer in basic solution of NeOH.
mmﬁg preservative sdded to 1t ineures that the sodium
son soncentration ¥ill be high compared to the T131 1on con-
centration. It is possible that the sodium fon acts &3 &
 potential determining ion on the surface of the glass dish.
The Wﬁw of the activity in curve B, Figurs 16 further
mﬂi@ﬁﬁm ths necessity of more investigation before m »
accurate interpretation of the I331 data cen be mads.

%ange of Charge Effect

In titrating AgNO3 with NaiO3 in the presence of ths
negatively sharged active phosphate lons we get eurve A,
Pigare J. Curve A in Figure 19 vesults from titrating NaXos
‘with Aglo3 in the presence of positively charged active =



barium ions. Both curves are similar to each other indicating
that the effect of changing the charge of the adsorbsd fon is
operative. This is further shown by considering the similarity
of eurve A, Figure 11, curve B, Figure 20, and curve B, Figure
26. 0Other less prominent similarities also indicate that the
effoct of changing charge is operative in thess determinations.

Effect of Addition of Other Materials

Figure 21 results from the precipitation of BaSOy in the
presence of Bal%0-151%0 gnd excess La(N03)3. The La(Wog)s
was introduced to determine the effect of the presence of &
carrier for the Lai? sctivity. It is apparent that most of
the measured sctivily showing heavy adsorption in Pigure 20
comes from adsorbed Lal’C ions. This is expected froam a
consideration of the relative ensrgles of bets emission from
8610 and 14340, e charasteristic nature of admorption of

Balt0.1a1%0 on BagOy is destroyed by the sddition of carrier.
© Pigure 22 vesults from precipitating BaS

0y 1n the presence
of Bat¥0-1a1%0 ang excess Nal03. The presence of NalO3 does
not destroy the charssteristic nature of the adsorption; how-
ever, 1t does not permit adsorntim to occur to the extent
 shown in Pigure 20.

Curiosity alons prompted the investigation with mixed

' isotopes. There ssemed to be no improvements on the charaster-
istic nature of adsorption with double activities a3 1&&%&%@&.




mmtwm B very Wwﬁ guestion. Perhaps the v&m mm’s
havior is not indicative of the behavior of a dilutlion in

the mx@u of ioms. Perhaps sdsorption on the surfase of

the glass 1s dependent upon Loms in the solution being axwam

this occurs to as great an extent in ?33 3&1%-1@“@ mﬁ
celMprl goterminations s 1t spparently does 1n 1331
ﬁ&m&mﬁ@m
dapting any of these dsterminations for mﬁ?ﬁé&l

pwpma changss dependent upon the determinatinm wt: be
‘m In some ourves mmwas&&mm&n neay- m
stoichiometric polnt. xmwr, this change may mﬁ w a&m
‘enough to assure great securacy in smalytical determin:
R&Wm&kﬁy on the more ﬁhwmm;tm curves is g@@ﬁ a8
shown by Figures 26 and 27. w possible snalytical i
tion might be the volumetric determinstion of BaSOy. z\

A possible physteal application might be made m
atm of sedimentation rates. The rmmms from m%iw
naterials adsorbed on the surfaces of sediment mﬁa&w san
be measured vith great securacy.

‘l""f":}«&a«w
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