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CHAPTER I
INTRODUCTION

It is 8 well known fact that & determination in an~

alytical chemistry may be made by volumetric methods 1f

four conditions are wtzl

1) The reactlons should qulckly go to completien,
2) There should be only one reaction taking place, *

3) There should be a marked change in some property
of the solution at ths stoichliometric peoint,

%) There should be an indicator available which

will show the change at the stolchiomstric
point,

Most precipitation reactions fulfill the first t!ax*q_o L
requiremsnts, but very few indicators are avallable fmt'
most precipitation type reactlions; as a result, there have
been very fev applications for volumetrie precipitations
in the field of quantitative analysis,

This thesis concerns the investigation of radioisotopes
as indicstors for prec¢ipitation resctions, As a precipitate
forms In the presence of a radiocisotope, adsorption may take
place on its surface, If this adsorption ghanges markedly

4. ©. Plerce and B, L, Haenlsch, Quantitative Anslys
y. 292, ‘ ‘ ‘
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The iodide ions thsat are adsorbed on the surface of the silver
iodide particle make up the lnner portien of the double layer
and are referred to as "potential determining fons." The outer
portion of the double layer is made up of potassium lons which
sre referred to as "counter lons." According to H,‘Janny“ the
extent of the double layer is the order of several angstroms,

' When this same precipitate 1s 1ln contact with sliver |
nitrate solutions, the iodlide fons will complete their coordli-
nation spherss as shovn in Figure 2, In this case the counter
ions will be negatively charged.

Agl erystal Rigid outer layer

- - | {counter lons)
Ag 1 |
Agt I, |Ag
ag" 1I- |ag" ]
I~ Ag' ! NOq
Ag

I- ag" f HO3
Rigld inner layer ' $\\m:f‘fmaa outer layer
{potentlal determining lons) {counter lons)

I*IO3 1l

Pig, 2== Silver ilodide s0l in excess silver nitrate

4&.6. Wahl and R, A, Bonner, op, eit., p. 125,



In order that an lon mey be classed as potential deter—
mining, 1t must be able to fit inteo the crystal lattice of
the precipitate. For exsmple, bromide, chloride, and thlo-
eyanate ions are potential determining ions for silver lodide,
The phosphate lon ls not, since its silver salt dees not form
mixed crystals with silver lodide,

The theory of the double layer gualitatively expleins
why & silver lodide preciplitate separated from & solutien
containing an excess of potassium lodide is always agntamw
inated with potassium lodide, If, on the other hand, there
are other positive ions, such &3 sodium, in solution these
would compete with the potassium ions for positions in the
outer layer. When the silver lodide 1s separated from the
solution it will be contaminated with sodium iodide as well
as with potassium lodide, Adsorption of positive ions on
negatively charged precipltates and adsorption of negative
lons on positively charged precipitates can result through
the rapld exchange between the lons in solution and the

counter ilons ..5

Factors Affecting Adsorption of Ions on Preclpitates

The two principal factors that determine the smount of
adsorption that takes place wvhen an lon is deposited on an

ionic precipitate are:

5A. C. Wahl and ¥, A, Bonner, op, cit,, p. 126,



1) The charge upon the precipitste. 7
2} The solubility of compounds formed fram the len that
is coprecipitated snd the ions of the precipltate,

Minor factors arer

3) Temperature.

4) The order of addition of the reagents,

5) The speed of the preciplitation formation,

6) 1In some cases, digestion may affect the mmt&m.s

Only the principal faetors will be dlscussed,

The charge on the precipitate 1s an important factor in
Ing the adsorption that talktes place when an ion or
radioactive tracer is deposited on an lonle precipitate accord-
. ing to Frielander and Kennedy.” | |

Prashly formed precipltates with large surface areas
may be sapabls of adsorbing radiocelsments effectively,
‘Fajans rule! 1 of some importance for this tm of
garrying, but another important factor 1s the
on the presipitate relative to the ionic charge of the
tracor substance,

Important adsorption oceurs only when thess charges
are of opposite sign; hence sexperimental factors affect~
ing the surface charge of the precipitate strongly in-
fiuence the carprying and this type is recognized by




sensitivity to such fsectors as aeldity, order of

eddition of reagents and phyasical state of sub~-

division of the precipitate,

Table 13 1llustrates the importance of an excess of
the anion S0, needed to produce the negative charge on the

surface of CaBOy necessary for carrying cstiens.

TABLE 1
RYING OF THE ThB BY CaB0,

Excess Excess ThB
Ca*t sﬁg carrled
£00% 1.7%
10% 5. 2%
88.0%
98.0%

From this table it can be seen that when the Ga’™
is in excens, very little of the ThE 1is ecarrisd by the ﬂaﬁeas
however, vhen the aﬁg= ion is in great excess, 83 to 98 per
gont the ThB 1z carried by tha ﬁaﬁagﬁ

The solubllity factor affecting asdsorption of ilems or

81b1a, p. 265.



radicactive isotopes on ionic precipitates sppears to en~
55 other sffects perhaps net fmaéﬁy '&.g They

1) Efmatm dus to charge,

2) Effects due to wmimtim

3) Effecta dus to size,

%) Effects dus to hydvation emergy.’
Po 1llustrate the role that the selubility factor plays in
the adsorption phencmens, L. ImrelC investigated the ad-
sorption of the ThX (aa%‘*}, mesothorium 2 (40228) ana
therium B (Fb212) on the silver halides, He shook .0003
mole of Ag halide for several minutes at 0O C with 20
millilltters of sclution whieh was ,015 formsl with respect
to the halide concentration, 0.005 formal vith respect to
the hydrogen ion cencentration and 0,03 fermal with respect
to the potassium ion concentration., The silver halides were
then separated from the solution sontaining the vapious radioe-
active isotopes by means of filtration threugh a membrane and
analyzed fer their setivity. The results are shown in Table
2,

Swahl ana Bomner, gp, eit.. P. 127,
10, 1wre, phy, Chem. 4 153, 127 (1931).




TABLE 2

ADSORPTION OF Thb (Pb212), MsTh,(ac228)

AND ThX (Ra22%) on s1LVER HALZDES
8ilver % ThB % MsTho, % ThX
Hallide Adsorbed Adsarbad Adsorbed
AgCl 62,2 b, 26 0.45
AgBr 3.8 37.7 3.05
AgI 8.0 75.2 T.90

It can be seen that thorium X and mesothorium 2 are
adaorbed to a smaller extent than thorium B, This 13 be~
cause thorium X and mesothorium 2 halides are soluble while
thorium B halide is only slightly soluble, Also, it can be
seen that mesothorium 2, which has a + 3 charge is adsorbed
to a greater extent than thorium X which has only a + 2
charge, Another fact to be noted iz that the fractions of
mesothorium 2 and thorium X adsorbed vary directly as the
solubllity of their halide salt decreases, A partial ex-
planation for this fact may be due to the greater polariza-~

A+t

tion effect that Ac’™" ' and Re'" have on the heavier halide
fons.ll This seems to be true, since the polarizability of
& halide ion inecreases wlith the increase 1ln size of the ion,

Also, in part, there 1s an increase in polarizabllity due

1lyanl and Bonner, op, ¢it., p. 129



to the large negative charge on the precipitate which results
from the large adsorption of halide iens, This regularly is
not observed for thorium B,
Detection of Radloisotopes and Thelr Use As
Radioactive Indicators in A
Precipitation Type Reaction

Radioisotopes may be detected by any device whieh 1s
affected by thelr activity. The most a@m devices utllize
s Geiger-Muller tube. In faot, the development of Ueliger
tube technigues and the avallablility of long-lived, artifl-
cially-produced radicactive elements has made possible the
determination of the end point of & volumstric analysis by
ﬁem of radicactivity measurements, Langer, in 1941, used
radiocactivephosphorus as & radloactive indlecator in the
titrations of magnesium and uranium with sodium phosphate
and of phosphate with megnesium, These tltrations all resulted
in the formation of & precipitate, and & series of determi-
nations was made of the solution activity during the course
of the titrations, Since langer's method vas similar to
the procedurs involved in & conductometric or an amperometric
type of titration, he chose to call his methed & "radiomstriec
titration” and in doing so, he desoribed three different types
of radiometric titration curves obtained when a fairly inscl-
uble precipitate wvas formed. They wers:

1) A titration curve, in vhich the substance to be
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titrated was radiosctive, and the reagent added
wvas inactive,

2) A titration curve in whigh the subatance te be
titrated was inactive, and the reagent added was
radlioactive,

3) A titration cwrve in which both the substance to
be titrated and the added reagent was radiocsective,

In case 1, the activity of the solution decreased as the
Mtx'éa substance wvas remed from solution by precipitation,
After the equivalence point was mchee!;, the activity became
constant and nearly zero. The activity at this peint was
determined only by the solubility of the preciplitate and
the background of the deteoting device, VWhen the valuss
of the measured activitles were correoted to the original
volume and plotted against milliliters of added titrant a
sharp break in the curve resulted, indigating that the end
point occurred at the intersectien of the two straight lines,
In case 2, the slope of the titration gcurve was at first
gonstant, After the end peoint the radicactivity eof the
solution inereased with further addition of the reagent,
In case 3, the activity of the solution séntinued to decrease
upon further addition of the reagent until the emd point was
reached, from this point the activity inereased.

| In this mwntuq;im, an attempt vas made to determine
the end point of a §éaaipimtim titration, In contrast to



' Langer's msthod, the radleisotope was removed from the solu-
tion by adsorption on the precipitate, To insure that this
remeval was by adsorption. the redicindleator was not isotople
with any of the lons of the precipitete. The activity of the
solution was followsd by means of & Gelger counter during the
addition of the tltrant,



CHAPTER II

The apparatus used in this investigation was very similar
in design to that used by Langer” in his radiometric titrations
with radicactive phosphorus, Essentlally, the apparatus con-
sisted of:

1) A Geiger-Muliler tube,

2) Counting rate meter or scaler,

3) #8tirrer,

The (eiger-Muller tube had a wall thickness of approximately
30 mg/om® and vas operated on the Gelger plateau, While a
gounting rate meter was used for preliminary experiments, a
soaler was used for more accurate counting, Eilther a uag~
netic stirrer or & hand stirrer was used to ensure uniform
mixing of the titrant with the solution being titrated,

The gensral procedure used in this investigation was as
followa:

A reagent was added from a burette into a beaker containe
ing one of the ﬁatariala to be titrated, As the titrant was

lﬁ Langer, J, Phy, Chem, ﬂﬁa. PP, 639*40.

12
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added & precipitate was formed in the presence of a radioc~
active isotope, This radloactive iscotope was either in the
burette or in the bosker contsaining the materisl being ti-
trated., After the addition of a definite amount of the ti-
trant, the solution was stirred thoroughly snd contact was
made with the Geiger~-Muller dipping t:ahn m: contact was
mads either by dipping the tube d:!.wetly &a’h@ the solution

or by ri.ltzamn.g the solution through a a;mtam glass filter
stick mm a glass envelope aanmming the dipping tube,

After nmwz with the amtins tube had been made, the solu-
tion was forced back into the beaker by use of air pressure.
Then the ample vas again drawvn by vecuum into the glass en~
velope, and an interval of ana minu%a vm &umé to establish
equi}.ihrim before amtmg the aetwii:y of the mlution. In
the mta of éa.t;a takan vith Sha munting rate meter, an average
of & sufficlent number of msﬁinga vas teken to obtain a reli-
sbls counting valus. When the sealer vas used, a ome minute
counting interval of the nalﬁtim vas mm Mmﬁ the ti-
tration vas completed, a plot was made of the milliliters

of titrant used sgainst the aectivity of the selution, in
some osses, the activities obtained wers corrected to the
original volume before being plotted., If any gémpt&m of
the radiolsctopes cccurred on the precipitates, a break in

the curve would be obtailned, and it was hoped that this break
vould occur at the equivalence point,
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In this investigation thres radiolsotopes were used.
They vwere radlum E (:Bizm) » radiclodine (i131} , and radio-
phosphorus -(?32} v

Investigation with RaDEP
en study of RaE.~-Before using RaE as a possible
radlosctive indicator in s precipitation type titration a
study vas made in order to determine vhat effect dilutien
alone had on the activity of the redioisotops. Ten miliiters
of RaDEF vith & concentration of 10 mg/ml of lead was added
to a test tube and a dipping Geliger-Muller tube was used te
measwrs the activity ef the molutien, Agein 10 milliliters
of ReDEF with a concentration of 5 mg/ml was added to a test
tube and the activity of the solution was dstermined in ths

same wmanner, This procedure was repeasted with concentrations
of 2.5 mg/mi, 1.25 mg/ml eto,, slways maintaining & constant
volume of 10 milliliters. A plot was made of concentration
against sctivity and the curve cbtained is shown in Figure
3.
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(mg Fb/ul)

Fig. 3 ==Dilution ourve of ReDEF
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Pre ‘;%g‘xi&&wggng¢¢£3@2§§§gﬁm; In this experiment
5 ml of RaDEF (10 mg/ml of Pb) was titrated with 8 ml e, 80,
solution precipitating PbB0,, The titrant was added directly
to a test tube and the counting tube immersed so as to pe-
produce the mame degree of solutien eontact, A counting rate
meter was used to follov the amctivity of RaE, The caleulated
equivalence point for this precipitation titration was 5 ml
mga% solutien, Ne great change in astivity was shown st
the equivalence point, however, as shown in Figure 4, Curve A,

Counts 000

per 000 |

ninute °’
8,000
7,000
6,000
5,000
4,000 |

3,000 |

2,000

B

Pig, 4 ~~Precipitation titration curves of
RaDEF with severa]l resagents,
B K12 ¥
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reelpitation W, B8 ilodlde .-~ Pive mililliters
of the RaDEF solutlon was titrated with 10 milliliters of KI
solution (10 mg/ml) precipitating PbI,. In this procedure
the titrant was added directly to the test tube centaining
. the RaDEF and the counting tube immersed so as to reproduce
the same degree of solution contaet, A 64 scaler was used
to fellow the agtivity of the RaE solutien threugho
titration, At the csleulated equivaliange point it was hoped
there would be & sharp change in the setivity of the RaE(B1°10)
but no such change in agtivity wes cbserved, as seen in Figure
4, Curve B,

Precipitetion of W guiphate .~- The Na,80;, selutien
vas added to the ReDEF and Ba(l, selutiens in a besker, The
pregipitate formed was filtered through a filter stick inte
& suctlion flask, and & definite volume of the supsrnatant
1iquid wes transferred to a test tube, where a dipping Gelger
tube was used to detect the activity of the solution, The
dipping tube was connected to a 64 sesler, This experiment
required considerable time because the B&ﬁéﬁ& precipitate
clogged the filter stlck, This titration gave no better
results,

Investigations with Radioiodine (I131)

Only one experiment was €arried out with 1131, mhisg
vas the titration of NapB0, with BeCl, in the pressnce of
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1331, 1t wns found that bete particles emitted by the 1331
could not be detected by the dipping Geiger tube in the
jonce of the 131 gasms rays, While the Goiger tubs
is more saensitive Lo beta rays, the sstusl ecounting volume
of bets redistion 1s muoh smaller than that of the gaums
radistion; hence prsstieally sll the oeunting obssrved vas
due to the gama sotivity, It vas alse lesrmed that the
grama sotivity vemsined essentially constant; and as & result
1% was not possible to follow the change in sotivity of the
t the course of the titration,

‘ osotive indieatoer in s presipitation titration, & water
titration ourve was cbtained, This ourve was similay to the
diiution curve obtained for ReDEF, Ten milliliters of water
contalning 10 A of P32 stook solution (0.0% me/ml) wss plased
in & burstte. Thirty-five milliliters of water was sdded to
2 150 mi beaker, and titveted with water from the burette,
A plot vas made of ml of water used sgainst activity of the
iution carrvected to the originsl wolume {i.s,, 35 ml)
ght lins was obtained as is sesn in Pigwe 5.
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Fig. 5 --Water titretien curve of P32,
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Precipitation of silver thioscyanate, -~ FPive ml of NHySCN
solution (,037 mg/ml), 30 ml of distilled water, and 16,5 ml
of 1:100 stock PO,” solution were added to a 150 ml beaker.

A volume of 6,5 ml of standard silver solution was added from
8 burette forming a precipitate of AgSON. The calculated

equivelence point for this titration would require 5.2 ml of
Ag solution, At this peint, hope was entertained that the
radioactive P32 would be adsorbed on the AgSCN precipitate
and show & sharp change in activity., No such results were
observed, hovever; instead the curve obtained indicated mo
adsorption as shown in Pigure 64,

Gounts 22,000

per 21,000 1

minute 20,000
g;@@ﬂ
1

BRI S B S B S
6

1§ -=Pracipitation titration curves
gt gﬁ C Agﬁsﬁ ( 8)
A Agd . pH= E, Ag.A80
. AgSCN (pH-1) D. Ag,Cro 312%
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The activity of the P3E was followed with a decade amplliscaler
using the 50 millivnlt scale sensltivity and all activities
obtalned were corrected to the original volume,

In an effort to determine whether the pH of the silver
solution was a factor influencing the possible adsorption of
P32 on AgSCN precipitate, titrations of silver solution with
NH)8CN vere carried out at pH values of 1 and 8. The pH
value of 8 was obtained by buffering the standsrd silver
solution with 7,5 M NH,OH. It can be seen from Figures 6B
and 6C that the pH of the standard silver solution had no
influence on the adaerptian of P32 since & straight line was
obtained in both titrations, If any adsorption of P32 had
occurred on the AgSCN precipltation, there would have been
& break in the stralight lins obtained, B8inece no adsorption
of P32 on the AgSCN was evident, further experiments with
this precipltate were abandoned, and another precipitate
was Investigated,

sipitation of silver chromate,--~Ten milliliters of
0.1 N K,0r0y solution containing 10 A of radiophosphate
stock solution was added to a burette. Five milllliters

of 0,1 N Agﬂﬁ3 salution was added to 30 milliliters of water
and this solution was titrated with a 0.1 N K,0r0, solution
forming & precipitate of Agaarﬁﬁ. When a plot was made of
the milliliters of titrant used against the activity of the
silver solution corrected to the original volume, a straight

line was again obtained, as shown in Figure 6D.
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REgelpitation of sllver arsenate ,ﬁ%n milliliters of
0.1 N RapHAsO; centaining 20 A of radiophosphats seolutien
ves added to & burette. Five milliliters of 0.1 N AgNO,
solutien was added to 30 miliiliters of water and this
solution vas titrated with 0,1 ¥ Ra,HAs0; solution forming
& precipitate of aggaw « 4 plot wvas wmade of the milliliters
of titrant used against the activity of the silver soiution
corracted to the original volums, Again & straight line plot
vas dbtained with no bresk, This cuwrve is shown in Pigure 6E.



Investigations with RaB were carried out because it
ves resdily avallable, No adsorption of RaX en P30y was
antleipated, however, since Bi, (80,) 1s soluble and prebably
eould not be isemorphlic with PbBO, becmuse of a + 3 charge.

In the esse of FbI,, and BiI, is inseluble but upon ths sddi-
tion of excess I , 1t forms soluble B&LI@* Although ons might
expect some adsorption of the RaE en PbI, with a subssquent
removal in excess I , no adesorption was cbserved experimentally.
This is not too surprising wvhen one conslders that 3113 doos
not meet the requirement of isomorphism - one of the two ceondi-
tions necessary for adserption, For the emse of the BadQ,
precipitate, it vas hoped thet RaE might be carried in the
rigld cuter layer by the high charge of BL . If a Geiger
tube having & thinner wall wers avallable, experiments eould
have been included work with Pb2-0 &

The choime of the P32 ana 7131 g5 radiolsotepes to be in-
vesiigated was also one of avallabllity and economy, Since 1t
1s known that the PO,~ lon is not s potentisl determining one
for silver halldes, it was not teoo surprising that ne adsorp-

23
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tion ococurred in the AgSCON precipitate, Although 583?‘% is
insoluble, it is not likely that 1t would be isomorphiec with
AgBCH, Also, thers is asome question as to the jonic species
which carries the P32, This question arises because of the
dependence of the concentration of the POy~ ion on the hy-
drogen ion conecentration, It was for this resson that two
experimsnts were carried out at two different pH values, 1
and 8, HNevertheless, even at pH value of 8, little or no
adsorptien ocourred. Since the Or0,” iom is sbout the same
slze as the Pﬁ;i&n, it seemed probable that they might fit
into the ssme orystal lattice; hence experiments using &szsrﬂ:‘
were tried but were not succesaful, The fact that adaorption
did not take place might be due to the low pH value of the
mﬁs solution which was found to be 4.5, At th:t.a pH the
concentration of PO, must be very lov. Attempts vere made
to buffer the ma3 solution and raise the pH, but no suceess-
ful buffers vere found, Se¢dium bloarbonate, for example,
precipltated Asaw3 before any pH echange oceurred while Hﬂ,@&
formed a soluble complex ion with the Ag ' lon, and as &
result Asam,‘ would not preecipitate,

Realising that mzmaag,mﬂg@ is imomorphlc with the
corrosponding phosphorus compound, 1t was expected that def~
inite soprecipitation or adsorption of P32 youia cecur with
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& preclpltate of 5$33$04» The fact that adsorption was not
observed was surprising and justifies further study of known
isomorphiec systems, Other suggestlions for additionsl work
would inelude:

1) The precipitation of AgSCN in the presence of I131,
8ings it is known that SCN 18 & potential determin-
ing lon for Agl, it is likely that asdsorption of
1131 on AgSON would eccur,

2) The study of other buffer systems such as B@éﬁ with
Ag,0r0, in erder that the pH end PO, lon concentra-
tion might be incressed,

3) The investigation of other radioisotopes, especially
those which will not complex with the H ¥ ien, One
such ilsotope might be radleactive slilver,

4) The use of I'3! might be investigated agsin, being
sure that the precipitate fermed 1s removed from
the scounting reglon of the tube and that sdequate
shlelding from gamma background 1s used,

Ons diffieulty whioch prevents the general use of radio~
isotopic adsorption as an indicating mechanism in precipltation
reactions is the fact that the aarwi&réfrms materials are
readily adsorbed on the glass surface of the dipping Gelger
tube and on the glassvare used, Some abtempts to minimize
this were made by treating gless surfaces with Desicote, a
silicone compound, but the results were not succeassful,
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Another way to minimize this sdsorptien might be to try a

lover splution astlvity, This would alse sllew detection

of much lewer adsorptions if they cocurred, because of more
favorsble statisties,
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