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IBSYRACT

The conditions for the ion exchunge sepsration of rubidiwm snd cesium
beve been eatsblished.

i preperative procedure for high purity rubidium chleride using en
ion exshangc sepsratiom hes beon developed. It consista essentially of
eluting one gram qusntities of commerciel rwbidium ohloride from a celumn
containing s resin bed 61 em, high aad 3.8 em, in diemeter of 200400 mesh
Dowex 50 with 0,7 normal hydrechloric soid at a flow rete of L.L ml, per
nizute, The rubudium chloride is recovercd frem the prepsr wolums of
elvate by evaporstion end precipitetion with hydrogen chloride, Flame-
photometric enalysis of the purified product shows the rubidium chleride
content to be epproximetsly 99.7 per cent.

Cesium chloride wase prepsred from pollucite by treating the mineral
with a mixture of hydrofluoric end sulfuric acids and then recrystsllising
the resulting cesium slum, The sodium asnd potessium content sppesrs %o
romsin constant efter sever:l rccryst:llizstions. For finel purification
ths cesium alum wiss converted to the iododichloride snd recrystsllised.
The purified product was snalysed {lemephotometricelly and the cesium
ochloride centent is zpproximately 99.7 per cent,

Flmephotometric determinstion of rubidium 2nd cesium is desoribed.
The fleme intensities et 780 snd 852 mu were mezsuraed for the estimation
of rubidiwm and cesium respectively. The snhzncement effect of large
mownts of rubidium on other slkealies is demonstrated end methods proposed
for their spproximation in the purified rubidium chloride,



4 methed for the quantitstive determinstion of rubidium end cesium
based en ion exshange hes been developed, The procedure inwlves
ssparsting ssmples of the mixed chlorides by elution from s column econ-
taining & resin bed of Dowex SO, minus LOO mesh, 87 cm. high and 2.2 om,
ia dimeter with 0.7 normal hydrochloric seid st & flow rate of 2.7 ml.
por minmte, After elution tme sppropriate fractions of efflusnt were
ovaporated % dryness and the alkali metsl content determined by weighing
the {igndted rubidive end cesium sulfetes, J: smsll blank correction,
obtained by evaporating portions of eluste snd weighing the ignited sulfste
residues, was fuai necesssry. /n socuracy of two per cent was edbteined
for 100-300 ng, samples of the chlorides whem rubidium and cesiwmm are
present ir spproximstely equsl proportions.
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INTRODUCTION



IRTRODUCTION

In the determination of the alkalies a separation is frequently
made which divides the family into two groups. Ome group comsists of
1ithiwm and sodium; the other, potassium, rubidium snd cesium, This
separation is asccomplished by the use of either the chloroplatinate or
perchlorate method, both of which remove the potassium, rubidiwm and
cesium leaving the lithium and sodium in solutiom (19). With certain
precsutions, the chloroplatinate method reportedly gives quantitative
separation (20,28). In the perchlorate method, the mixed chlorides of
the alkalies are sonverted to the perchlorates and then sodium and
lithiwm are extracted with a mixture of amhydrous n-butyl aleochol amd
anbydrous ethyl scetate, Quantitative separation is obtained (21),

There are several methods available for the separation and determin-
ation of potassium, rubidium and cesium, Although these methods are
somewhat empirical, under limited conditions they give good results (19),

In one method for the separation of potassium from rubidiwm and
cesivm, 9-phosphomolybdic acid serves to precipitate rubidivm amd cesium
while potassium remains in solution, Although scme potassium is co-
presipiteted O'Leary and Papish (28) report good results for certain
consentration ranges ef potessium, rubidium and cesium,

Before rubidium and cesium can be separated, the phosphomolybdate
precipitate must be dissolved in sodium hydroxide, the molybdenum



removed with hydrogen sulfide and the alkalies converted to chlorides
after a chloroplatinate separation.

The separstion of rubidium from cesium can be brought about by pre-
oipitating cesium from the mixed chlorides with silico-tunmgstic acid.
Rubidium is determined in the filtrate as the perchlorate or chloro-
platinate.

To determine cesium, the silico-tungstic acid precipitate is dis-
solved in sodium hydroxide , mecurous nitrate sdded to remove the silico-
tungstate and cesium is determined as the chloroplatinate or perchlorate
after oxidation of the excess mercury (19).

Another method for the separation of cesium from rubidiwm involves
the formation of & precipitate with ferric chloride and antimony chloride
which removes cesium, Cesium is determined as the chloroplatinate or
perchlorate after the precipitate is dissolved and the iron and antimeny
removed (12),

Wells and Stevens (L42) report & method for the ssparation of
potassium, rubidium and cesium, An extraction of the miwxed chlorides
with absolute alcohol, which has been saturated with hydrogen chleride
gas, serves to remcve rubidium and cesium from potassimm, vl-'ho separation
of cesimm from rubidium depends upon the greater solubility in alcohol
of cesium sulfate, This method is quite empirical and the conditions,
as well as the number of extractions, are dependent upon the smount of
potassium, rubidiuwm and cesium present.

More rscently Sato (37) deseribed a method for the deteramination of
the alkali metals based on the difference in the solubilities of the



bhexyl dipicrylamine salts in mixed organic solvents. An accurasy of
five percent vas reported,

Another method for the separation and determination of rubidium and
eesium based on the formation of the alkali polyhalides is given by
Yamatera (LL). In this method, the tri-iodides are formed and upon
treatment with carbon tetrachloride only the rubidium salt decomposes,

A method for the gquantitative determination of cesium and its
separation from rubidium and potassium has been proposed by Dutt (11),
In this method cesium is precipitated as Cs NalLa(NO,)e and determined
either by weighing the precipitate, CsgNaLa(NOy)e, or by titrating the
nitrite content with geric sulfate, Beth the gravimetric and volumetric
procedures have been asdapted to the microdetermination of cesium,

Several workers have used spectrographic and flamephotomstric pro-
eedures but these in general are limited to small smounts and are more
frequently used for qualitative identificstion rather tham quantitative
determination (5,6,10,13,15,41,45),

The:mbthods discussed here are repressentative procedures and many
more are found in the literature, Fresenius snd Jander (12) have reviewed
the methods through 1940 and a discussion of some of the methods is given
by Hillebrand (19),

There appesrs to be no truly specific reagent for either rubidium
or cesium ions (19), The chemical methods of determining rubidium and
cesium are either rather long and involve a number of operations, or the

separations are incomplete, giving rise to errors as large as five pergent,



In the hope of finding a method which would give accurate results
but also have a maximum of simplicity, it seemed advisable to try
snother approach, Rieman and coeworkers (7,39) developed an ion exe
shange method for sodium end potassimm that gives excellent results but
does not involve the tedious procedures of the chemical methods,

A review of the literature indicated that the ion exschange separa-
tion of rubidium and cesium had been accomplished by Kayas (23), No
quantitative results were given for rubidium and cesium but 99 percent
recovery is claimed for sodium,

It seemed that for an lon exchange method to be successful, it
should be capable of resolving macro quantities while giving adequate
intervals of separation between the various ions and yet not invelve
unlimited volumes of eluant. It was toward this erxc ihat the following
work was directed,
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HISTORICAL

One of the first attempts to separate the alkali metals employing
the ion-exchange technigue was carried out by Cohn and Xohn (9). A
column containing a resin bed 1.0 sq, ca, in ares and 10.4 om, high of
colloidal agglomerates of Dowex 50 and a recording counter to assay
the relative activity in the effluent solution was employed, A neutron
activated mixture containing 1,0 mg. of sodium, 10 mg, of potassium,

8 mg, of rubidium and 13 mg, of cesium was dissolved in water and ab-
sorbed on the resin, Elution wes then begun with 0,15 normal hydro-
chloric acid at a flow rate of 0,3 ml. per minute and completed with

0.3 normal hydrochloric acid, The effluent from the column was collected
in & mmber of fractions, each of which was radiometrically - analyrzed
for Na2¢, K4* Rb®® and Cs?%, Sodium was recovered in one frastion
which also contained one per cent of the cesium, The remsinder of the
semple was recovered in the other fractions with incomplete separation,
The total elution required 160 uml,

The first fairly complete separation of sodium, potassium, rubidium
and cesium by ion exchange was sccomplished by Kayas (23). A glass
column 1 cm, in diameéter and 50 cm, high, fitted at the lower end with
a sintered glass disc, was filled to & height of LO cm, with Amberlite
IR 100 resin having a mesh size of 80-12C, The samples consisted of

mixtures of Ka?4, K47 Rb®® and Cs}?*, The separation was followsd with



a specially censtructed Geiger tube whigh indicated the movement of the
ions down the column, Another twbe was placed so as to measure te
sstivity of the eluste as it passed from the column., The separation
obtained, as read from the elution cwrves, is spproximately 25 ml, between
sodium and potassium, 15 ml, between potassivm and rubidium smd 10 ml,
between rubidium and cesiwm for a mixture containing 15.2 mg, sodium,
2li.0 mg. potassium, 28,3 mg. rubidium and 25,5 mg. of cesium, The initial
elution was carried out with 0,15 normal hydroechloric acid but after the
last of the potassium was removed the acid stremgth was increased to
0.3 normal, The camplete elution required approximately 525 ml, of
eluant, No qusntitative data are given for rubidium and cesium but as
an exsmple of the results obtainable by evaluation of the area under the
elution curves 99 percent recovery was claimed for soliwm,

A method for the Elepardsion and determination of sodiwm and potassium
employing an iocn-exchangs separstion has been proposed by Rieman (7).
The method conaists of two steps: a separation of the sodium and
potessium by means of elution through a cation exshanger, and a titration
of the chloride in the alkali chloride residues obtained from the evapor-
ation of the separate frastions of eluate to dryness,

Por the ione-exshange separation a column 3,80 sq. em, (2,2 am, in

dismeter) by 59.0 om. containing 59.5 g. of colloidel Dowex 50 resin
was employed, Samples dontaining up to 500 mg. of the mixsd chlorides
were separated by elution uﬁth 0.7 normal hydrochloric acid at a flow
rate of 0,60 ml,/min./sq. ecm, from this column, In this elution the
first 370 ml, of eluate were discarded, The next 160 ml, contained



the sodium and the following 190 ml, contained the potassium,

The evaporations were carried out on a steam bath and the residuss
heated in an oven to 11;000 . The residual hydrogen chloride was deterw
mined by titration with standard base and the chloride content by the
¥ohr titration, The alkali chloride content was then caloulated from
the difference in these two titrations, Excellent results are reported.
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EXPERIMENTAL

Conditions for the Ion Exchange Separation
of Rubidium and Cesium

The theory of the ion exohange process has been extensively investi-
gated and much of the work is summarized by Kunin and Myers (2k) and
Samuelson (32).

In practice, however, the final experimental conditions fcr a given
separation are mainly found by trial and error methods. From experience
it bhas been learned that certain factors greatly influence separation,
The mest important of these are:

1. Nature of the resin
2. Sample-resin ratio
3. Concentration and nature of eluant
L, Flow rate
5. Exchange affinity of the ions involved
6. Shepe of column
7. Temperature
Choice of Resin

Two different resins have been employed in the separation of the
alkalies. Kayas (23) used Amberlite IR100 which is a phenolic methylene
sulfontie acid type. Cohn and Kohn (9) and Rieman (7,39) used Dowex 50
which is a nuclear sulfonic acid exchanger. Dowex 50 appeared to have
two advantages over iAmberlite IR100, In general the nuclear sulfonic
acid type is less subject to attack by acid and having a greater capacity
per grem (25) should give better resolution per unit volume of resin

bed, For these reasons Dowex 50 was chosen,



Dewex 50 is produced by the polymerisation of styreme with divinyl-
bensens, followed by sulfonation, The percentsge of divinylbensense
determines the degree of cross linkage and couiquoutly the density.

It has been shown that the degree of orosslinkage influemses selectivity
(26) and the degree of swelling of the resin (33), Insufficient data
are available te determine the per cemt crosslinkage at which maximum
selectivity for the alkalies exists but it has been found that tle

twelve per cent divinylbensene resin is satisfactory, This crosslinkage,
mnaximum for the Dowex series, also gives a maximum capaciiy per gras and
s ninimum of swelling within the Dowex SO series,

In the ocheice of resin one further factor needed to be considered,
the size of the resin particles., The smaller the particle sise the
greater the resolution (36), At extremely small particle sises the
resistance of the columa to eluant flow becomes apprecisble., Fer a
column containing & resin bed L5 om, high and 2,2 em, in dismeter of
solloidal Dowex S0 a flow rate of 1.7 ml, per mimute required a pressure
of over 20 inches of mercury, .

The resin finally chosen was Dowex 50, 12% divinylbensens orosslink-
age with a particle size of 200-400 mesh for the preparative column and
a particle size of minus LOO mesh for the anelytical column,

Preparation of Resin for Use
The commercial grade of Dowex 50 as received from the manufacturer

requires rather extensive preparation before it is suitable for use,
The first step in the preparation involves the removing of the so-called
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"fines® (7). The "finss® are extremely small particles of resin that
have been produced during synthesis and subsequent handling. If these
small particles sre not removed they will migrate through the column
and eventually obstruct the porous disc in the bottem, To remove these
particles the crude resin is mixed with about three times its volume

of water, the resin permitted to settle, and the supernatant liquid
decanted, This process is repeated until ths solution above the resin
is clear after a few minutes of settling. This process may consume
mors than 25 per cent of the resin., In ome attempt to use a batch of
colloidal Dowex 50 that had bsen insufficiently washed, the fine particles
diffused through six feet of Tygon tubinz inte the reservoir containing
the eluant,

The removal of iren from the crude resin is also importamt,
Ssmuelson (35) recommends treatment with five normal hydrochloric acid,
Goudie and Rieman (18) rescemend the passage of dismmonium citrate through
the resin, The procedure followed was a combination of these in which
the resin wes given seversl trestments in a beaker with five normal h;dro-
chloric acid, and then, after being washed with distilled water and |
placed in the column, one molar diammmonium citrate passed through the

column until the remaining iron was removed,

Filling the Column
The filling of the column is very important; if not done preperly

channeling will occur and instead of receiving full efficiency from the
column the eluant only comes in contact with part of the resin, The



first method attempted was that of pouring the dry resin into the
eolumn, After wetting, the resin swelled leaving channels,

The most satisfactory method appears to be that of first filling
the column with water and then slwrrying in small portions of resin
through a fumnel that dips below the water level in the colwmn (29).
As the resin-water slurry enters the column the particles gradually
settle fiving & uniform bed. A large beaker is plaged under the
column to eatch the displaced water and resin that overflows, The
slurry should be added at such 2 rate that the extremely fine particles
do not have a chance to settle but are carried over the top of the
column, If the rate of addition of resin-water slurry is too slow
bands of fine particles will develop which msy migrate through the
column and obstruct the porous disc. A properly filled column has a
uniform color and exhibits no chammeling,

Choice of Aecid

When a solution of a salt is placed on an ion exchange resin, such
as Dowex 50, the cation exchanges with the hydrogen ion of the sulfonic
acid groups in the resin. This may be pictured as a reversible reaction
whers R™ represents the sulfonic ascid group of the resin,

RE + Ne' —— RNe + H

That this is an equilibrium process has been demonstrated, the final
equilibrium being dependent upon the concentrations of the two cations
and the relative cation-resin bond strength (LO).



Thms when & selution comtaining & mixture of the slkalies is placed
on the asid form of the column, hydrogen ions are replaced since the
affinity of the alkalies for the resin is grester than that of hydregen
iens. VWhen olution begins the rate of migration of the various alkalies
will depend upon their relative mmuurmmmumwwo-
gea ion coneentration of the eluant, The relative order of affinities
of the alkalies for the sulfenic acid typs exshangsrs are Cs >Rb >KDNa
and eonsequantly their order of elution will be Ns, K, Rb and Cs (22,23,
Lo),

I8 wvas found in ion-exchange studies with the reore earths thet the
oquilibrium existing in 2 column could bs shifted by the use of com~
plexing agents which varied the effective semcentration of the metal
iens and enhsnced ssparation,

It was thought that the differences in solubility existing betweea
oertain eampounds 4in the slkali metal family may exert an influence wpen
their ssparstion in a mamner similar to thet exhidited by the differences
in the stability of the rare eartimcitric acid complexss,

Hydroohloric (7) snd perchloric scids (22) both have been used for
the separatien of sodium and potassium but dus to the different experi-
mental gonditions involved no comparison between the degree of separstien
obtained was possible. It was felt that if an anion effect is important
s comparison of the elution of sodium and potassium W th hydrochleris
and perchlorio acids should demonstrate it since a twenty fold difference
exists between the molar solubilities of the sodium mnd potassium chlorides
and perchlorstes (38).
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To determine if an amion effect exists two runs were made, identi-
cal, except in one case elution was carried out with perchleric asid and
in the other hydroechloric acid. The column conteined & resin bed 31 em,.
high and 2,2 em, in diemeter of 200-LO0 mesh Dowex SC. Twenty-five
milligrem samples of Mallinckrodt resgent grade sodium chloride and
Baker Analyzed Resgent potassium chloride were taken and eluted at a
flow rate of 3 ml, per minute with 0,75 normal hydrochloric acid in one
r™un and 0,75 normal perchloric acid in the other. The elution was
followed flsmephotometrically. The results are shown in Table I,

TABLE I

SEPARATION OF SODIUM AND POTASSIUM WITH
HYDROCHLORIC AND PERCHLORIC ACIDS

Volume Containing Volume Representing Volume Containing

heid Sodium (ml.) Separation (ml.) Pctuc%un ;’raction
nl,

HC1 480-580 2 15 580-1130 2 15 1130-1420 2 15

BC10,  LB8O-580 I 15 580-860 X 15 860-1030 X 15

Evidently the replacing of chloride ion with perchlorate ion has
little influence wpon the elution of sodium from the column, however, the
intermal of separstion between sodium and potassium has been reduced by
270 ml. or nearly one-helf the original separstion, The volume of eluste
containing potassium has been reduced from 290 ml. to 170 ml,

These data indicate that the more insoluble the salt formed between

the cation on the column end the anion in the eluaht the more easily that



cation is removed fram ths column, As for the magnitude of this effect
it can only be said that a large difference in solubility seems necessary
for any spprecisble influence upon separation,

Undoubtedly the absolute solubilities as well as the difference in
solubilities is a factor,

A review of the solubilities of the chlorides of sodium, potassium,
rubidium and cesium reveals that the chlorides are all quite soluble
(Table II).

TABLE IX

SOLUBILITIES OF ALKALI CHLORIDES
(Moles Per 100 Grams Water at 25°C) (38)

Alkali Chloride Solubility
¥aCl 0.615
KC1l 0.476
RbCl 0.730
CsCl 1,130

Potsssium chloride is the least socluble (on & molar basis) while

rubidium chloride is intermediate bLstween potessium and cesium chlorides;
cesium chloride is the most soluble. Thus, if there is sn anion effect
at this level of solubility it should enhance separstion., The per-
chlorates of potassium, rubidium and cesium all have low solubilities
with s slight decresse from potassium to cesium, It was felt that this
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low solubility in addition to the slight difference in solubilities
gave perchloric no advantage over hydrochloriec acid,

Singe the elutions were to be followsd flamephotometriecally hydro-
ehloric acid offered the further advantage that the chlorides of the
alkali metals are the most sensitive for flame analysis,

From these considerations hydrochlorie acid was chosen as the

eluant,

Construction of Column and Pressure System
Figure 1 shows & typicsl column and the pressure system used to

deliver sluant (29), Pressure is supplied by tank oxygen, Two regu-
lators are ineluded to control the system pressure and consequently the
flov rate, One is a disphragm type on the oxygen tank, The other (B)
consists of a length of 6 mm, glass tubing dipping into & column of
mercury vhose height is determined by positioning the leveling bulb (C),
An exit tube is provided to carry the excess oxygen and mercury fumes
from the regulator into a container of six normal nitric acid (4) whioh
is fitted with an exit tube containing ascarite,

The mercury mancmeter (D) permits reading of the system pressure,
This is convenient for reproducing flow rates and checking the condition
of the system at various times,

A 12 1iter reservoir is included at (E) to minimisze pressure fluec-
tustion and help maintain a constant flov rate as the volume of eluant
in bottle (F) decreases.
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A1l commections from the pressure tank to the eluant botile are
pressure tubing., The tube (G) carrying the elusnt frem the eluant
bottle to the column is Tygen,

A stepcoek (H), which is fitted with a Wensel stopcosk ¢lamp,
mwmber 1ii=631, facilitates controlling the flow of elumnt during eolumn
loading, It 1is held in place by a rubber stopper which is secured in
the top of the column with a wire clip, )

The wvariocus columns used were construsted of Pyrex tubing with &
porous glass dise (I) incerporated in the lower end, Discs of twe
porosities, fins and medium, were used but no difference in performance
was observed in respect to the amount of resin passing from the columm,
The exit tube from the column is 6 mm, in cutside diameter and delivers
the effluent so that it flows down the side of the beakers in the
frastion collector tlms preventing splashing.

The fraction collector employed wss one supplied by the Miscro-
chemical Specialties Company, 183L University Avenus, Berkeley, Cali-
fornia, It is capable of cutting fractions at tims intervals from 3
minutes to 20 hours, The turn-tsble accommodates 2l tall form, 150 ml,
Pyrex beakers, The entire turn-table of the fraction collector snd the
exit tube from the column were protected by a transparent cover,

Loading the Column

In order to load the column, aliquot portions of the standard
alkali solutions were evsporated to dryness on a steambath and then,
with the aid of a stirring rod, were transferred to the column by washing
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wish portions of elusnt delivered from a polysthylens wash bottle, The
eluant bottle was replaced with am empty one, the rubber stopper in-
serted in the top of the column and pressure vas applied to the system,
This forces the asolution which contains the sample into ths resin bed,
Pressure was spplied until the sample solution was nsarly evenm with
the top of the resin bed; then more elusnt added to the column ed
pressure applied until the solution was nearly even with the top of the
resin bed, The eluant bottle was again plased in the system, pressure
spplied, a few ml, of eluant run onto the top of the column, the rubber

stopper replaged and elution begun.
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ION EXCEANOR SZPARATION OF RUBIDIUN AND CESIUM

From veviewing the work of Kayas (23) end Colmn sad Kolm (9) it
appesred that in order (o0 separate mssro quaniities of rubidium mnd
oesimm it would e necesssry to use a column with greater especity than
Abat employed by Kayss (23), It was thought that &f s colum similer
o Als one used by Risman (7) to separste 0.5 g, smmples of sodium snd
potassiwm chlorides were used, but the sample sise redused, separatica
night be accomplished, In choosing the ecid strength it wes decided ¢
inoresse it over that used by Riemsn (7) sines it is known thet rudidiwm
snd cesium are more firmly held than sedium smd potsssium (22,23),

A ssmple containing 0.12 g. of rubidiw chloride (approximstely
95 per cent pure) obteined frem Fisher Scientific Compsny and 0,10 g,
ef pure cesium ohloride (page 27) were placed on s colwmn conteining
2 resin bed of colloidel Dowex 50, LS em. high end in dismster,
Rution was oarried cut st a flow rate of 1.5 ml, per minwte with
1.55 2 0,05 pormal kydrechloric acid prepsred by diluting Baker Anslysed
Reagent conosmtrated hydrochloris acid, The hydrechloric scid used in
this rwn and following onss was standerdized with standard sodium
hydrexide,

The progress of the elution wes followed flmmsphotomstricslly,
Fraotions of 26 ul, vere collected, eveporsted to drymess in platimum
dishes, diluted to 75 ml, smd snslysed in a Becimsn flmephotometer as
dsseribed under "Flamephotometery of Rubidium snd Cesium,” The results
are shown in Figure 2, Rubidium appesrs in the fractions frem S0 ml,
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10 1000 ml, and cesium in the frections from 660 to 1180 ml, with an
overlap in fractions from 660 to 1000 ml, The varisbles that could be
changed without resorting to a different resin bed were the sample sise,
acid concentration and flow rate, Another run was carried out using
ths same resin bed but the sample sise decressed to 0,05 g, of rubidium
chloride and 0,07 g. of cesium chloride with 1,03 normal hydroechloriec
scid used for elution, Fractions of 26 ml, were collected snd smalyszed
88 in the previous run, Ase seen from Figure 3 rubidium appears in the
fractions from 930 to 1LLO ml,, cesium in the fractions from 1185 to
1800 ml, with both being present from 1185 %o 1LLO ml, In comparison
with the previous run it cen be seen that complete elution required a
larger volume in Figure 3 and that separation is somewhat improved as
judged by the diffsrence in overlsp areas in Figures 2 and 3,

It appesred from the comparison of Figures 2 and 3 that a closer
spproash t0 equilibrium oconditions would be necessary before complete
separation would be possible, In the next rvn ssples containing 0.05
g. of rubidium chloride and 0,05 g, of cesium chloride were eluted from
the same column with 0,38 normal hydrochloric acid at a flow rate of
1.5 ml, per minute, Figure li shows the results, Rubidium sppears in
the fractions from 3250 to 4320 ml, and cesium in the frections from
4300 m1, on with only a 20 ml, portion contsining both alkalies,

From these results it became evident that if mecro samples were to
be suscessfully separated greater resolution would be nscessary, It
did not seem feassible to further reduce the acid strength of the eluant
since the volume containing the alkalies was already spprecisble,
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Increasing the height of the resin using colloidel Dowex 50 was pro-
hibited by the increassed pressure that would be necessary to obtain a
feasible flow rete,

Another column containing a resin bed of 200-400 mesh Dowex 50, 68
om, Mgh and 3.8 om. in dismeter, was prepared, After pleeing a mixture
of 0,056 g. of sodium chloride, 0,083 g, of potsseium chloride 0,056 g.
rubidium ehloride and 0.0841 g, of cesium chloride on the colusm elution
with 0,70 normal hydrochloric acid was begun at a flow rate of 1.8 ml,
per mimite, Fractions of LS ml, were collected, evsporated to drymess,
diluted %o 100 ml, in volumetric flasks and analyzed flamephotometricslly.
The results are given in Teble III, The separation between sodium snd
potassium is nesrly 8000 ml,, between potassium and rubidium, nearly
2600 xl, and between rubidium and cesium spproximately 2700 ml, Only
enough of the cesium was eluted to determine its position in the elution

sequence,

TABLE III

ELUTION OF 0,086 G, SODIUM CHLORIDE, 0,083 G, POTASSIUM CHLORIDE,
0.056 G, RUBIDIUM CHLORIDE, 0,08': G, CESIUM CHLORIDE WITH
0,70 NORMAL HYDROCHLORIC ACID WITH A4 FLOW RATE OF
1,8 ML, PER MINUTE

Resin Bed = 68 om, high x 3.8 cm, in dismeter
200400 mesh Dowex 50

Volume in M1, VYolume in M1, Volume in M1, Volume in
Contsining Sodium Containing Potassium Containing Rubidium M1, Containe
ing Cegium

L650-5430 13410-16110 ~ 18710~21360 21,060~
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A series of runs was sonducted with the purpose of obtaining cone
ditions that would provide separation of rubidium and cesivum chlorides
on a preparative scale,

In the first of this series a 2,08 g, sample of & chloride mixture
containing spproximately 70 per cent cesium chloride and 30 per cent
rubidium chloride with small amounts of sodium and potassium chlorides
vas placed on the columm described in Teble III, This mixture was
prepared from a rubidium bromide concentrate supplied by Dr, ¥, Stenger
of the Dow Chemical Company, Midlend, Michigan and is referred to as
the Dow mixture, EKlution was carried out with 1.0 normal hydrochloric
aeid at a flow rate of 4. L ml, per minute, PFigure 5 gives the results,
These conditions give some separation but the grsater part of the
rubidium fractions contain cesium,

Kayas (23) in his separation of the alkali metals carried but the
initial elution through sodium and potassium with 0.1 normsl hydro-
chloric acid amd then completed elution with 0.3 normal, As shown in
Pigure 4, 0.3 mormal hydrochloric asid removes cesium very slowly from
s column of Dowex 50, Although it effects a near separation, the volume
of eluate in which rubidium or cesium appears is too large to make the
use of 0,3 normal hydrochloric scid prectical, BHowever, from FPigure 3
1t can be seen thet 1.0 normal hydrochloric scid satisfactorily removes
rubidium and cesium from a column of Dowex SO but the separation is
incomplete, It was thought, following the approach of Kayas (23), that
perhaps an initial elution with 0.5 normal hydrochloric ecid followsd
by sn elution with 1.0 normal hydrochloric scid would give an sdequate
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separation with the respective slkalies sppesaring in volumes that would
be prastiecal,

A sample containing 2.19 g. of the Dow mixture was placed on the
same column as in Table III and with a flow rate of 4.k ml, per mimute
19 1, of 0,5 normal hydrochlorie acid were passed through the column,
No rubidium or cesium sppeared in the efflusnt, Elution was completed
with 1,0 normal hydrochloric acid, Figure 6 shows that the separation
of rubidivm and cesium is not improved,.

- Another run was carried out with the ssme column, identical flow
rate and a 2,11 g, sample of the Dox mixture, but the elusnt changed
%0 0,7 normal hydrochloric acid, Figure 7 represents the separation
ocbtained, Although considerable cross contemination exists a greater
percentsge of the eluate containing rubidium is free from cesium,

Prom Pigures 5, 6 and 7 it appeared that a more favorcble sample-
resin ratio would be nscessary if a satisfactory separation were to de
sttained, Figure 8 shows the results of using the oonditions as in
Figure 7 but decreasing the sample size to 1,05 g, The separation is
complete except for a small smount of tailing of rubidiwm into the
cesiunm fractions,

To further increase separation the height of ths resin bed in the
oolumn was increased to §1 em, A 1,02 g, sample was taken and elutioa
carried out as in Pigure 8, Complete separation was obtained as is
evident from Figure 9, Rubidium is separated from cesium by s volume
of over 600 ml,
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PREPARATION OF RUBIDIW CHLORIDE BY ICH KXCHANOE

The principal impurities in commercial rubidium chloride are
potassium and cesium with a somevhat smaller smount of sodium, Rubidium
compounds are intermediate in solubility betwsen potessium snd cesium
90 that any chemical scheme for purification must insclude at least twe
series of recrystallisations, Archibald (1) recommends recrystallising
the iododichlorides for removal of sodium and potassium, and cryit:llh-
ing ths tartrates to remove cesium,

To remove the amounts of impurities present in commercial rubidium
shloride an ion exchange method offered the possibility of being more
efficient for smell quantities, To accompliskithisit would only be
necessary to elute a sample from the proper column and regcover the
purified rubidium chloride from the sppropriate fractions,

It has been shown (page 18) that a one gram sample of the Dow mix-
ture could be completely separated with a columm containing a resin bed
81 om, high and 3.8 om, in dimeter of 200400 mesh Dowex 50 by eluting
with 0,7 normal hydrochloric acid st a flow rate of L.k ml, per minute,
A run was made using these conditions but the sample of Dow mixture was
replaced by & 1,0 g. sample of commeroisl rubidium chloride (the Pilhor
Scientific Company). Rubidium appesred in the eluate fractions from
16,3 liters to 22.2 liters, Potassium was not detected in the 600 ml,
of eluate preceding the rubidium fractions nor was cesium found in the
40O ml, of eluate immedistely following the rubidium fractions.



Yor recovery of the purified rubidiua chloride the fractions from
16,2 liters through 22,2 liters were combined in Vycor beakers promtng
by Pyrex cover glasses which were supported on Pyrex beaksr hooks, The
eombined fractions Were evaporated om a hot plate at 120°C which was
surrounded by & protective netting of cheese cloth, It is desirsbls %o
use an evaporating temperature below that at whish the resinc decomposss
sinee on decomposition the resin would introduce sulfste ions into the
purified material, Ths final combined residues contained considersdble
smcunts of resin and some silica, as well as the rubidium ehloride,

Te remove the silica the combined residues were dissolved in a
minimum mmount of distilled water and filtered,

For removal ¢of the resin rudbidium was precipitated as the chleride,
This wes sccomplished by making the combined filtrste and waskings from
the silica removal 6 normal with respect to hydrochloric ssid, evaporat-
ing until jJust before crystallisation begen and then passing in hydrogen
chloride,

The hydrogen chloride was supplied by a generator consisting of a
suction flask, a separatory funnel and an exit tube,

Concentrated sulfuric scid was placed in the suction flask and then
the separatory funnel, which was held m place by a rubber stopper,
inserted so that the tip of the stem was below the surface of the sul-
furic acid., The separatory funnel wes filled with concentrated hydre-
chloric acid and then as the hydrogen chloride was needed the hydro-
ochloric aeid was added by positioning the stopcock,
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The solution containing the purified rubidium ehloride was cecled
with en ice bath and hydregen chloride passed through the solution until
no further precipitation ecceurred, The supsrnstant ligquid was decanted
and the preeipitated rubidiwe chloride washed three times with enhydrous
othyl aleohol. A second crop of crystals was obtained from the decanted
mother liquor snd washings, The rubidium chloride was dried in sn oven
s 120°C, tramaforred to a muffle furnacs, and hested to 300°C, The
dried produst was dissolved in distilled water, filtered, and agxin
carried tirough the precipitation and drying procedures. The final
product was entirely white, lesving no visible evidemse of the resin,
but a slight edor of hydrogen chloride was detectable,

Flum analysis of a solution containing 1000 p,p.m, of the purified
rubidium ohloride showed & small flame intensity at 767 mu which wes
not detected during elution, Evidently at the dilution used for snaly-
8is in the original separation procedure the amount of the constituent
responsible for this flame intensity was below the detection limis of
ths flamephotometsr under the operating conditions used,

In an attempt to determine the source of this fleme intensity at
767 s a 0,5 g, sample of the purified rubidium chloride was again
carriod through the elution process under the same conditions, The
elution was followed by taking aliquots from the middle of ths fractions
containing rubidium, These were evaporated on 2 steam bath, dried at
120°C, weighed, and an appropriate amount of distilled water added to
give a 1000 p.p.m, solution, In every sample the flame intensity remained
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constant, and, within experimental error, equal to that found in a solue
tion containing 1000 p.p.m, of the purified rubidium chloride.

Since & second pass through the column with a smaller semple did
not reduce the flame intensity at 767 mu it seemed that a further ad-
Justment of operating conditions was not necessary,

The expected impurities, due to incoﬁplete separation, sre sodium,
potassium and cesium, The amounts of these present sre discussed under
"Flemephotometry of Eubidium and Cesium."

Flame analysis showed the rubidium chloride content to be approxi-
mately 99.7 per cent, Two other possible impurities, contributed from
the resin, are sulfate and iron ions, The mmounts of these present are
less than 0,002 per cent for iron and 0,005 per cent for sulfste (30),
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PREPARATION OF CESIUM CELORIDE FROM POLIUCITE

The methods for the extraction of cesium from pollucite have re-
cently been reviewed and several specific procedures givem (L43), In
the various methods there are four reagents used in the initial trest-
ment of the mineral, They are hydrochloric acid, sulfuric acid, hydre-
fluorie scid and sodium carbonate, Except in the case of m&mnu;.m
asid the solutions obtaimed from this initial treatment contein silica
which is removed by filtration before recovery of the cesium,

A procedure has been reported by Rebinson (31) using hydrofluoric
acid in which a mixture of finely ground pollucite and fluorspar vas
heated with sulfuric acid snd cesium alum extracted with hot water from
the resulting cake,

Since cesium alum can be obtained in a fairly pure stste by re-
orystallization from water (8) a method using a combination of sulfuric
snd hydrofluoric acids for the initial treatment of the mineral
followed by recrystallization of the resulting slum appeared very
promising, This procedure would eliminate ths silica filtration found
in the hydrochloric acid and sulfuric acid treatments as well as the
extraction of the calcium sulfate cake in the fluorspar procedure,

The selected pieces of pollucite, found to contain L6,5% 510,,
17.85% A1,0,, 32,76% C840(K,Rb) snd 1,86% NagO(Li), were reduced to 170
mesh, Fifty gram quantities of the ground pollucite were placed in a
platinum dish and enough distilled water added to form a slurry,
Hydrofluoric acid was added in small portions and the mixture stirred
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with a bakelite rod, The stirring was continued after each addition
of acid until the reaction subsided, One milliliter of 50 per cemt
hydrofluoric acid for each gram of pollucite gave satisfactory removal
of the silica,

After addition of the hydrofluoric acid the resulting mixture was
heated on a sand bath until a paste formed, To this paste 30 ml, of
éomontrtud sulfuric acid was added, the mass thoroughly mixed \usl.ngr
a platinum rod, and the final mixture hested until nearly dry,

The platinum dish and contents were transferred to a larye besker,
twe liters of distilled water added, and the solution heated almost to
boiling for one hour, After standing overnight the solution was decanted
from the smsll smount of residue and eveporsted to a small volums, On
cooling the crystels of cesium slum formed, A

Por recrystallisation the alum was dissolved in boiling water, 10
ml, taken for esch gram of alum, and the beaker containing the dissolved
alum transferred to a 95°C water bath, After 15 minutes the source of
heat was removed from the water bath and the solution allowed to stand
overnight, During the first five hours of the recrystallisation period
the solution was agitated with a mechanical stirrer, Ths crystals of
cesium alum wers collected on a Bushner fumnel and washed with cold
water, The yield from one recrystallisation of L2 g, of cesium alum
vas 39 g. The alums were recrystallized ten times in this meanner,

Flanephotometric lllllyl:l‘l of solutions containing 1000 p.p.m, of
cesium served to follow the progress of the purification, These solu-
tions were prepared by dissolving 0,L275 g. of the air dried cesium alwm
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in 100 m1l, of distilled water, Table IV shows that after the second
recrystallizsation ths flams intensities at 589, 767 amd 780 mu beceme
fairly constant,

TABLE IV
FLAME ANALY3I8 OF CESIUM ALUM

i

H Sodium Potassium Rubidium
Number 589 mu 767 = 780 ma
Reorystalli- s,¥v, 2 mm, s, 1,3 mm, 0,08 ma,
sations Instrument Reading Instrument Reading Instrument m

2 9 62 8

3 9 3k 1

ks 12 36 1

5 10 33 1

6 9 2 1l

7 13 32 1

8 9 kU 1l

9 13 11 1l

10 13 33 1

Cesium alum was sonverted to the chloride by precipitating aluminum
with smmonium hydroxide and sulfate with barium chloride, Cesium
chloride was recovered from the resulting solution by evsporation and
ignition st 500°C,

For flzue analysis a solution containing 1000 p.p.m, of cesium was
prepared by dissolving 0,0317 g. of cesium chloride in 25 ml, of
distilled vater., The lines measured were those at 589 n'(oodin),

767 mu (potassimn), and 780 mu (rubidium), The results are showm in
Table V, |



For further purification ¢he method of Archidbald (2) was used which
talkes advantage of ths difference in solubility of rubidium and cesium
iododichlorides, After seven recrystallisations the iododichlorides
were converted to the normal chloride and a solution containing 1000
P.D.A, of cesium prepared for flsme snalysis, In Table V it cen be
seen that further purification has been obtained by recrystallising the

iododichlorides,
TARLE ¥
FLAME ANALYSIS OF CESIUM CHLORIDE
Instrument Readings
89 mu 767 mu V850 ma

Cesium chloride 32* 10™* ™

Purified through alums
Gesiun chloride g* 1.0 2"

Purified through Iododi~

ehlorides

*:Imtmnt sensitivity of 0.1
Instrument sensitivity of 1,0

No attempt was made to evaluate the effect of a large amount of
cesium upon the flmme intensities of the other alkaliss, By compariny
the flme intensities in Tsble V with the flame intensities obtained
from solutions of the respective alkali chlorides the sodium, potassium
"and ribidium gontents are less than 1 p.p.m, respectively thus giving a
ncestum chloride content of more than 99,7 per cent,



FLAMEPHOT(METRY OF RUBIDIUM AND CESIUM

In considering the ion sxshange experiments deseribed in this thesis
it was necessary to have & method of analysis for sodium, potassium,
rubidium and cesium whish would be repid, simple and capable of detect-
ing small smounts, In previous ion exchange studies of the alkalies two
methods were used; one in which the activity of certain radioastive iso-~
topes was measured (9,23), and another using a flamephotometric proe
cedurs (7). The flamephotomster was chosen to follow the ion exshenge
separstions and to anslyze the purified rubidium and cesium chlorides,

Recently ths flamephotometer has found widespread use and many
papers have sppearsd descoribing its adsptation to the determination of
sodium and potassium (16), The literasturs desling with the flamephoto-
motry of rubidium snd cesium, on the other hand, is very limited (3,h,
13,17,45) and procedures for the determinstion of small emounts of
sodium, potassium snd cesium in the presence of large smounts of rubidium
are wholly lacking,

The flamephotometer employed was one supplied by Beckman Instruments
Incorporated, South Pasadena, California, catalog number 10300, The
:Lnatmnt , a8 well as its operation, is described in Beckman Bulletin
193-B (3) and by Gdlbert et al, (17).

The first considerations in developing a flamephotometric pro-
cedurse for the alkali metals were those of selecting the proper wave-
lengths and fleme conditions,



In selecting wavelengths those were chosen at whish the least
amount of the respective alkali metal could be dstected in en oxygen~
natursl gas flsme (17), These are respectively 589, 767, 780 and 850
m for sodium, potassiwm, rubidium and cesium, In adjustig the in-
struwnt for the proper wavelength, the wavelength dial was initially
set to these values and then, with a sample of the respective alkali
metal spraying into the flame, a £inal adjustment made to give a maxi~
mm intensity reading.

The Beckman flamephotometer may be used with several combinations
of gases for emsitation of the elements (3,17). These are oxygen-
natursl gas, oxygen~atceiylens and hydrogen~oxygen, Oxygen-natural gas
was chosen since, (a) it is the most convenient and most economical $o
use, (b) the flame temperatures for exciting the alksli metals are
comparstively low, and (¢) it has a favorsble flame background for
those areas of the spectrum to be utilized (3,17).

The flmme conditions, which are regulated by the relative gas,
oxygen and air pressures, determine to a considersble extent the in-
tensity of the emitted rediation, These pressures for ths various ele-
ments were determined using the procedure reccmmended by the manufscturer (3).

In general potassium, rubidium and cesium emit more intensely in a
cooler flame than that where sodium emits the most strongly. For fiwsd air
and gas pressures the flame intensities of all four alkali metals go
through a maximum as the oxygen pressure is increased,
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In the case of fixed oxygen end gss pressures the flame intensity
of sodium gees through a maximum as the air pressure is incoressed while
the flame intensitiss of potassium, rubidivm and cesium gradually
increase, The particular flamme conditions chosen sre shown in Table VI,

TABLE VI
FLAME COMDITIONS FOR THE ALKALI METALS

Wavelength Gas Pressure Air Pressure Oxygen Pressure

Alkali Metal m om,Isopropyl Inches of p.s.d,
Alcohol Vater

Sedium 589* 2 18 30

Potassium 767" 2 22 i

Rubidium 780™* 2 22 12

Cosium 852" 2 22 12

'Blue sensitive phototube
sensitive phototube
After having decided upon wavelength settings and flame conditions
for the respective alkalies it was necessary to choose & slit width that
would be wide enough to allow detection of small smounts yet be narrow
enough to resolve the various spectral lines, The spectral lines that
are the most subject to mutual interferense are those of potessium at
767 snd rubidium at 780, To determine the maximum slit width that could
be used and yet resolve these two spectrel lines the instrument wave-
length dial was set at 780 mu and a solution conteining 100 p.p.m, of
potassium as the chloride sprayed into the flame, With the selector



34

switeh of the Beckmsan DU Spectrophotometer in the 1.0 position end the
variable sensitivity knodb in ite counterclockwise position, it was found
that a slit width of 0,06 mm, eould be tolerated without producing any
flame intensity sbove distilled water baskgroumi, After several ion
exchange runs the slit width was redused to 0,04 mm, snd this value used
for all the work reported.

The eluant used in the ion exshange separations was hydrochloric
scid, varying in concentration from 0,7 to 1.5 normal, Dus to the ad-
verse effects of hydrochloric acid on the metal parts of the burner each
sample vas first evsporated to dryness in platinum ware,

The instrument conditions choser for following the ion exshange
separations were:t flame conditions and wave lengths as shown in Table VI,
s1lit width 0,04 xm,, selector switch in the 1.0 position and the varisble
sensitivity knob in its full counterciotlwise position,

The samples for flame analysis were rlaced in S ml, beakers and
protected in a Petri dish until ready for actual analysis, The procedure
for anslysis, after instrument warm up and adjustment, consisted essen-
tially of the following steps:

1) A sample of distilled water was sprayed into the flame and

the baskground determined,

2) The sample beaker containing the smple for analysis vas

removed from the Petri dish and placed in position, The

flame intensity was determined, the sample replaced by distilled
vater, the dark current snd instruwent gmiges chscksd, and the
flame intensity of the sample again determined,



3%

3) If the first two flame intensities agreed within 0.5 of
e unit no fwrther messurements were made; if not, the
procedure was repeated, In some samples of high concene-
tration where the level of liquid in the sample beaker had
an spprscisble effect upon the reading the beakers were
refilled for repeat measurements,

L) The final value for the flmse intensity wss determined by

subtracting the background intensity of distilled water
from the flame intensity of the sample,

If more than one measurement were to be made on & series of samples,
for example both rubidium and cesium, all semples in the seriss would
first be mnalyzed for rubidium or cesium, the instrument conditions
changed, and then the series again snalysed for the next component,

Calibretion curves for rubidium snd cesium over the concentration
range encountered are shown in Figures 10 and 11 respectively,

In these curves no correction for the effect of one alkali metal
upen the other has been made, Since this is an enhancement effect the
values obteined for the areas of oross contamination in the elution curves
are maximum rather than minimum values,

In determining the purity of the rubidium chloride prepared by ion
exchangs it was necessary to determine small mmounts of sodium, potassium
and cesium in the presence of large amounts of rubidium, In ehoosing
conditions for this determination two main factors needed to be con~
sidered; the miniwum concentrations of sodium, potassium and cesium
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detestable, and the effescts of a large amount of rubidium upon the other
alkald metals at the concentration level expested,

An initisl investigation indicated that a large amount of rubidium
has sn enhancing effect wpon small amounts of the other alkell metals
and therefore instrument conditions were chosen, in so far as possible,
to eliminate this interference,

It has been shown that for a sharp metallic emission line the
highest ratio of metallic emission to contimious baskground is obtained
with the narrowest slit width, A slit width of 0,0k mm, was chosen,

At this slit width one p.p.m. of cesium, as well as smaller mmounts of
sodium and potassiun, omn be detected in the presence of larger amounts
of rudbidium chloride.

Judging from Table VII and Figures 13, 1l end 15 the consentration
of sodium, potassium and cesium appeared to be on the order of 0,1 per
cent, Since the limit of detection of the instrument for cesium with
the conditions used for analyses is approximately one p.p.m., & solution
for analysis needed to contain 1000 p.,p.m, of the purified rubidium
chloride,

For the purpose of following the purification of the comercial
rubidium chloride, solutions of the commercisl snd purified rubidium
ehloride containing 1000 p,p.m, Wwere prepsred by dissolving 0,035h g.
of the vespsetive chlorides in 25 ml, of distilled water, ‘l’hu, s0lu-
tions vere analyzed in the flamephotometer with the flame conditions
snd wavelengths as given in Table VI, The slit width was O,0h mm,
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The veriable sensitivity knob was in the counterclookwise position and
ths selector switch at 0,1,

TABLE VIX

COMPARISON OF FLAME INTENSITIES OF )L000 P.P .M, SOLUTIONS
OF COMMERCIAL AND PURIFIED RUBIDIUM CHLORIDE
(Values are Instrument Readings)

Sodium Potasiim Cesium

Coxmercial 20 100 37
Purified 8 39 3

In attempting to evaluate these observed fleme intensities three
series of measurements were made, In one a solution containing 1000
P.p.m., of the purified rubidium chloride (page 23) was sprayed into the
fleme and the intensity determined st various wavelengths, The results
are shown in Figure 12,

In another series of measurements two sets of standards were pre-
pared, Ons set contained 1, 2, 3 and L p.p.m, of sodium, potassium and
cesium as the chlorides, These Were prepared by taking 1, 2, 3 and 4 ml,
of stock solutions containing 25 p.,p.m, of the respective alkali metals
a8 chlorides and diluting in 25 ml, volumetric flasks, The other set
contained the sams proportions of sodium, potassium and cesium but in
sddition one ml, of a stock solution eémtaining 2500 p.,p.m, of rubidium
as the chloride was added to eash 25 ml, velumetric flssk giving a final






0S8

ogs8

JAIHOTTHO WNIAIBNY 40 WNYL103dS 3WVId 21 34NOl4

nw NI HLONIT3AYM

I

ol8 0o6L 0LL 0GL % 009 086
== 3 = o
/\.,L
— o2
\ —ov

|
: =i

]
1 —109

I
| \ el

\
_\ —os

| 1
\/ —
[ O [ O N

ONIOV3Y LIN3IWNYLSNI






consentration of 100 p,p.m, of rubidium, The results are shown in
Figures 13, 14 and 15.

A third series of measuremenis was made on solutions containing
one p,p.a, of sedium, potassium and cesium in which rubidium was added
in varying amounts from 100 p.,p.m, to 1000 p.p.m, These solutions were
prepared in 25 ml, volumetric flasks by sdding one ml, of 25 p.p.m.
solutions of sodium, potassium end cesium, The varying rubidium content
vas introduced by adding 1, 2, 4, 6, 8 end 10 ml, of & 2500 p,p.m, solu=
tion of rubidium, Figure 16 shows the effect of increasing smounts of
the purified rubidium chloride on these one p.p.m, mmounts,

The recommended procedure for compensation of interference that
cannot be removed is to prepare a2 series of standards that are :khnti;eal
%o the sample but contaln varying amounts of ths element in question
(17,27). Then, by a direct comparison of fleme intensities the unimown
concentration can be determined with the contribution of the interference
taken into account, Since spectrographically pure rubidium chloride was
not aveilable tils rscommended procedure could not be followed,

It has been shown that when a brillant flsme, such as obtained from
spprecisble concentrations of sodium, is produced the lins often is M
resolved and there is an increased emission at other wawelengths (3,4,17).
Figure 12 represents this phenomenocn with respect to rubidium,

In Figare 12 the pesks &t 780 mu and 800 mu ere rubidium lines,
while the one at 767 mu indicates the presence of potassium since rubidium
has only a weak line at 767 mu, which probsbly is not excrited by sn
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oxygen~ges flame, and sodiwm, ss well as cesium, does not emit st this
wavelength, The pesk at 589 mu is evidence of sodium being present,
Singe there isn't sny peak at 852 mu sbove the beskground intensity,
cesimm iz assumsd absent to the extent of less than ome p.p.m, (k,1k).

The enhancement effect of rubidium upon small amoumts of sodium,
potassium and cesium is illustrated by the two series of curves in
Pigures 13, 1, and 15, A eoncentration of 100 p.p.m, of rubidium es
the chloride was chosen to show this enhancement effect, since at this
dilution the concentration of the other alkalies would be below the
detection limits of the instrument a8 is shown by the O p.p.m, points
on the various ourves,

In Figures 13,1h end 15 sclutions A and B contain the sames amount
of sodium, potassium and cesium but solution A contaeins 100 p.p.m, of
rubidium as the chloride, It is seen that the grestest enhmcement
ocours with potessivm and the least with cesium,

FPigure 16 shows the effect of increasing smounts of the purified
rubidium chloride wpon one p.p.,m. of sodium, potassium and cesium,

The effect is not entirely due to enhamcement since beyond some concen~
tration of rubidium shloride between 100 and 1000 p.p,m, the concentra-
tions of the impurities also contribute to the flams intensity,

From these curves and Table VII three estimates of the amounts of
sodium, potessium mnd cesium osn be made, |

The first estimate, besed on cuwrve B in Pigures 13, 1l end 15,
neglests sny enhancement effesct, Evalnati;on of the instrument readings
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for a 1000 p.p.m, solution of the purifisd rubidium chloride reported
in Teble VII by use of the B curves gives the comsemtration of sodium
a8 less than ons p.p.n. (spproximately 0,5 p.p.m,), potassium less
Shan L p.p.m, and cesium less thsn 2 p,p,m, or a percentage purity,
based on alkald metal content, of 9%.3%.

A second estimate, taking into sccount that an enhsmcement effect
oxists and that the true enhancement cmed' by 1000 p,p.m, of rubidium
(shown in Pigere 16) would be grester than that produced by a 100 p.p.m,
of rubidium, shows the sodium content to be less than ene p.p.m,
(spproximately 0,3 p.p.m,) or 0.1 per cent, potassium less then 2 p.p.n.
{spprosimately 1.6 p.p.m.) or 0,2 per cent and cesium less than one
P.pm, or 0,1 per cent, These values, taken from curve A, Figures 13,
1k and 15. give a percentsge purity for rubidium chloride, based en
elkali metal content, between 99,6 and 99,7 per cent,

From Table VII and Figure 16 the effect of adding one p,p.m, each
of sodium, potassium and cesium to 1000 p,p.m, of the purified rubidium
chloride can be seen, For sodium the instrument reading increases from
8 to 65, for potassium from 368 to 60 and cesium from 3 to 5, If 1%t ia
assumed that these increases in flume intensity sre striotly proportionsl
then the concentration of sodium is 0.2 p,p.m, or 0,02 per cent and
potassium 1.3 p.p.m, or 0,13 per cent, The increase in flame intensity
for cesium 1s within the measurement error so no calculation was attempted
other than to consider its concentration less than one p.p.m, As some
Justification for these calculations the same emalysis was spplied to
Figure 14, In Figure 1l the inorements of increase in flame intensity



from 1, 2, 3, b p.p.m. of potessium in the presence of 100 p.p.m. of
rubidium sre directly proportional if 9 is subtracted from esch total
value, This amount, 9, spparently dus to the initial enhancement, cen
be evaluated by extrapolating to sero the line obtsined by plotting the
difference between curves A and B versus the concentration in p.p;n.
The percentege purity of rubidium chloride based on these calculations
is more than 99.7.

| From these messurements the rubidium chloride content appears to be
more than 99,7 per cent, In sash set of measurements the true enhsnse«
ment effect is probebly grut'a' than that calculated and for a e¢loser

estimates more messurements are necessary.



THE CUANTITATIVE DETERMINATION CF RUBIDIUM AND CESIUM

4 simple, sccurate method for the determination of sodium and
potassium employing sn ion exshange technique has been proposed (7).
The method consists of separating the sodium end potassium by olﬁuon
through a cation exchanger, evaporation of the separate fractions of
eluate and titration of the alkali chloride residues, An extension of
this teclmique to rubidium and cesium sppeared very promising.

It wes found that a 0,2 gram ssmple of rubidium smnd cesium chlorides
ocould be separated by elution with 0,7 normal hydrochloric acid at a
flow rate of spproximately 2,7 ml, per min, from a colwm containing a
resin bed 87 om, high end 2.2 cm, in dismeter of minus LOO mesh Dowex
50, Rubidium sppeared from approximately L4650 ml, to 5770 ml,, while
cesium was found in the fractions from 6150 ml, to 7450 ml,

After elution the fractions containing the respective alkalies
vere transferred to LOO ml, Vycor beskers, each besker from the fraction
collector rinsed twice with distilled water, and then evaporstion of
the fractions and washings carried out @3 in the preparative procedure,

in attempt was made to determine the alkali metal content of the
evaporated residuss by the combination of a base titration for the
residual hydrogen chloride and a Mohr titrstion of the total chloride,

A mixture containing 50,2 mg, of purified rubidium chloride and
L9.9 mg. of purified cesium chloride was separated by elution from the
column and the respective fractions combined, After eveporation the
residues were transferred to 300 ml, Erlermeyer flasks, Upon the
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addition of distilled water a brown solution was formed dus to the resin
that had been carried over from the column,

After 10 ml, of potassium chromate indicator was added t)n solu~
tion turned yellow brown, When the stoichiometric ameunt of silver bn:l.t_z_xv'ate
was added no sharp change in ¢olor murrod vwhich would serve a8 an end-
point. The resin also cmsed the particles of silver olhloride to remain
dispersed,

Another ssmple of rubidium and cesium chlorides was carried through
the separation procedure and & silver nitrate titrationm of the chloride
residwes made using dichlorofluorescein as an indisator. No detectabls
endpoint was observed,

A potentiometric method, using s silver indicastor electrode and a
mercurous sulfate referense electrode, was investigated, After observing
the gradual slope of the potentiometric curves and the erratic nature of
blank values obtained from titrating residues of evgporated effluemt
the potentiometric method was abandoned,

The alkali metal content of the residuss was finally dstermined by
weighing both as the chlorides and as the sulfates, For weighing, the
evaporated residues were transferred to platinum dishes, dried at 120°%
for one hour and, after cooling for an hour in a desicecator, were weighed
to the nearest temth of & milligram, To convert the shlorides to sul-
fates a few drops of oconventrsted sulfuric acid were added and the dishes
rotated until the entire residue was wetted, The platimm dishes were
then plased in a ¢old muffle furnsce which was fitted with an aspirastor
to remove the evolved fumes, The temperature wes gradually rsised to



300°C where it was held umtil the evolution of fumes ceased snd then
increased to 550°C, This ignition tempersture was chosen after a pre-
liminary study of the effect of hesting wpon rubidium and gesium sulfates
(Table VIII), After the samples had been hested to 550°C for one-half
hour they were removed, smmonium carbonate added and the heating con-
timued for anothsr one-~half hour, Following removal from the tm-nu
the dishes were placed in a desicoator, cooled for one hour and then
weighed to the hearest tenth of a milligram, The smonium carbonate
treatment, hesting to 550°C, cooling in a desicostor and weighing were
repeated until constant weight was obtained,

TIBLE VIII
EFFECT OF HEATING UPON RUBIDIUM AND CESIUM SULFATES

Time and Temperature Rubidium Sulfate Cesium 3ulfate

of Heating Weight in Mg, Weight in Mg,
1 B, st 500%, 108.3 108,9
2 B, at 500°%C, 108,0 108.5
3 Er, at 500°C, 108,0 108.5
2 Br. at 600°%C, 108.0 108,7
2 Hr, st 700%C, 106,6 106 ,2
2 B, at 800°C, 100.9 92,0

Upon evsporating portions of 0.7 normal hydrochlorie acid effluent
it was observed that a certain mount of residue remained, Thus a
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determination based on a dirsct veumng of the combined fractions must
Salce this into assount, In order te determine the magnitude of the
sorrection mecessary for the residue contributed by the astion of the
eluant on the resin, volumes of effluent were collected, eveporated, and
the residues troated in the same manner as the samples, Table IX shows
She results of weighing both as the chloride and the sulfstes, The
blmks, 1 tlrough 11, were determined from efflusnt taken while the
column was under contirmous operation, that is a constant flow of 0.7
noymal hydrechlorie agid was maintained emsept during sample and eluat
addition, The blanks, 12 through 15, were determinad after the column
had steod for nearly two weeks with 0,7 normal hydrochloric ssid,

TABLE IX
BLANK CORRECTIONS FOR ACTION OF 0,7 N HYDROCHLORIC ACID ON DOWEX 50

-

Blank  Volume in M1, Weight per 1000 ml,  Weight per 1000 ml,
Wumber  Braporsted  in Mg, of Chloride _ din Mg, of Sulfste
Residus drisd at 120°C Residus ignited at 55°C

1 1500 2.1 1.0
2 1500 2.2 p
3 1500 2.3 1]
k 1500 1,9 0.9
5 2000 L.8 1,2
6 1000 2.2 1.4
7 1000 2.5 1.3
8 1000 3.4 1.5
9 1000 3.5 1.6
10 L5 2,5 1.4k
n 1000 3.1 1.3
12 880 10.3 2.1
13 1000 3.9 2.3
1k 1000 2.6 1.9
15 1000 3.9 2.k
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These blenk corrections were applied to the individual dotimmt-
tions, The mmount of correction dependsd upen ths volume of effluent
combined for ths respective fraetions and the weight of residue per
1000 ml, for that run,

The results, using the procedure given for elution, evsporastion,
ignition and weighing, from a series of runs in which samples of sodium,
potassium, rubidium and cesium were sluted from the analyticel column
are shown in Tables X and XX, Table X shows the results calculated from
weighing the sulfates, Table XI from weighing the chlorides, The elution
in runs 1 through 5 vas uninterrupted until the samples were completely
removed, In runs 6 and 7 elution was halted after the elution of rubidium
and then later continued until the lsst of the cesium was removed,

In carrying out these determinstions samples of the alkali chloride
solutions were pipstted into weighed platimmm dishes, evaporated to
dryness, the sample weights determined, snd after the samples were placed
on the column elution begun, In general the volumes of effluent collected
for the blank determinations were talen immediately before smd after the
samples wers eluted, however in some runs volumes for blank determinations
ware ¢ollected only at the beginning or ths end of a run, The blank
values used for ths calculations of a specific run in Tables X and XI
were valuss obtained by svaporating volumes of effluent from that run,
The volumes of effluent sombined for rubidium and cesium were determined
from the preliminary run desoribed at the begimning of this section,

In each run one or more samples were analyzed in the regions of separation
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and with the conditions of malysis used the separations sre complete

%o the extent of 0,05 mg, In every case the separstion intervsl fell
within the values determined frem the preliminsry rum, that is from
5770 to 6150 m1, No effert wes made to keep the volumes of effluent
combined for a particular alkeali metal to a minimum and the aversge
volume combined for rididium wes 1650 ml, {(L4OO-S6050 ml,) and for cesium
1950 m1, (6050-8000 m1,),

As s specific example of the procedure,inmrun mumber k, Tables X
and XI, a ssmple containing $2.7 mg, of sodium ohloride, 51,7 mg, of
potassium chloride, 50.k mg, of rubidium chloride and 50,2 mg. of
cesium chloride was placed om the column (87 cm, high snd 2.2 em, in
dimmeter of mimus LOO mesh Dowex 50) and eluted with 0,7 nermal hydro-
ehloric acid at a flow rate of 2.7 ml, per minute., The volume of
effluent combined for sodium wes 2070 (0«2070) ml,, for potessium 1569
(315h=h723) ml,, for rubidium 1260 (4723-5985) ml, and for cesium 1880
(6278-8158) m1, Two, one liter volumes of eluste were collected sfter
the cesium fractions were eluted and eveporsted for blank determinatioms.
The two blank values wers 2.2 and 2,5 mg. per 1000 ml, when weighed as
the chlorides and 1.4 and 1,3 mg, per 1000 ml, when weighad as the sul-
fetes, The averages of these values were then multiplied by the volume
of eluate in liters to obtain the blank sorrection for the respestive
alkali motels. These values were then subtrscted from the residue
weights and the emount of the respective slkali chlorides ealeulated,
Final results are shown in Tables X and XY,
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The ion exshange studies descrided here were not intended te be
s systematic evalustion of the various faotors involved in the ionm
exshange process, but rather were intended to develep a set of working
eonditions that would yleld a separation which eould be adspted to the
preparstion of limited amounts of high purity rubidium ehleride ad %o
the quantitstive determination of sodium, potassium, rubidiwm end
eosium, These coritions are not necessarily the optimum onmes but they
do give satisfactory and reproducible separations, In determining
conditions for future iom sxshange separstions these will serve m a
guide,

No two eolumns of identical dimensions necessarily give the same
separation under identical econditions of elution, This difference
probebly is due to the resin, as shown by Rieman (39), and the differ-
ence in column packing, Due to these differences a preliminary run mast
be made to estadblish the sharacteristics of s particular column, In
this run various fractions must be analysed., These tnal;ou, if done
flamephotometrically, need only be qualitative md require 1ittle time,
Once the echaracteristics are established they should remain constnt
and in subsequent runs it is only necessary to note the volume of
effluent for losation of the variocus alkali metals,

The preparative procedure, while consuming nearly a week for the
purification of a one gram ssmple, actually requires very little of the
operater's time, Onee the conditions for separation are established
the time required is less thmn one<fourth of thif. In the procedure,






as described here, only sn occasional cheek is meeded wmtil the first
15 liters of eluant have passed through the column, After 15 liters
of effluent have besn obtained ths fraction collector is started and
further attention is not required for amotber 12 hours, VWhen elution
is complete the proper volumes, as determined by a preliminery rws,
are simply combined, evsporated and the purified rubidium chloride
recovered,

Perhaps the most serious disadvantsge is tls method of recovery
of the rubidium ehloride, In this recovery mearly 6 liters of effluent
e evaporated, This evesporation concentretes the impurities present
a8 well as the rubidium chloride, however the purity is still high.

In the analytisal procedure conditions were chosen %o give a
separstion that would allow ample margin for ssmple recovery and yet
not involve prohibitive volumes of elummt. As in the preparative pro-
oedure, these conditions may not be the optimum ones but the separation
intervals are large enough to ellov considersble variation in experi.
mentsl conditions during elution and yet yield relisble results, In
ek malyticel ryun at least one sample, and in most cases two or \hree,
in the oritical regions were analysed, In every case the separation
intervals fell within those of the preliminsry run, The time for
elution requires two days but cduring this time attention is required
only at the end of esach twelve howr period to combine the various frec-
tions from the collector, No change in opersting conditions during
this time is neoessary snd at least two frastions of ninety ml, are
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found between ossh alkall metal, In eombining the varicus frastions
only the velume need be noted,

By comparing the results based on weighing the alkali metals as
ohlorides snd sulfates, Tables X snd XI, it csn be seen that in general
the sulfste valuss ars more scourate, although for soms samplss the
two methods are eomparable,

In runs 1 through 5, where 50 and 100 mg. smmples were taken, the
maximam error for the caloulations based on weighing a8 the sulfastes is
2 per cemt; for the chlorides over 20 per sent, FPor rums 6 and 7,
Tables X and XX, in whish the rubidium~cesiumm retic was varied the
sbeolute srror for the rubidium samples is comparable to that found in
the other runs, However, the error for both cesium samples is much
grester, In runs 6 and 7 the elution was interrupted after the rubidium
had been removed from ths golumn and presumsbly en additional amount of
resin vas added to the effluent that was not corrscted for by the
blank value, .

The blank corrections, shown in Table IX, are the most serious
source of error in this proposed method, ?he' values in Table IX are
arranged in the chromological crder in which the samples were taken
from the eolumn, The blenk valuss for @y particular run had 2 maximum
variation of 0,5 mg, snd in most cases, under 0,3 mg, Apparently the
amoun$ of blank eontributed by 1 liter of 0,7 normal hydrochloric seid
elumnt increases with the amount of exposure of the resin to the elumt
while under contimaocus elution as seen by blanks 1 through 11, The
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blanks from 12 through 15 were talen after the colwmn had stood for
two weeks with 0,7 nermal hydrochloric scid, The higher valus of these
is presumed dus to this period of standing,

If the conditions of the analyticel precedure are followed the
maximom error for 100 and 200 mg, samples of the mixed chlorides, in
which the rubidiumecesium ratio is one to cme, is 2 per cent, While
the totel time consumed for a complete analysis of sodium, potessiom,
rubidium and cesium is somewhat larger tham the present methods the
mumber of actusl man hours required is considerebly less, The ion
exchange procedure is much simpler snd no previous experiemce is
necessary a&s in certsin of the precipitation methods,
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SUMMARY

The ion exchange separation of rubidium and cesium has been accomp-
lished and two procedures, based on ion exchange, are proposed. One
procedure is for the preparation of gram quantities of high purity rubi-
diuwm chloride and the other is for the quantitative determination of
rubidium and cesium,

The preparstive procedure consists essentially of eluting one gram
quantities of c;-neréial rubidium chloride from a column containing a
resin bed 81 cm. high and 3.8 cm, in diameter of 200-400 mesh Dowex
50 resin with 0,7 normal hydrochloric acid at a flow rate of L. L ml,
per mimite. The rubidium chloride is recovered from the proper volume
of effluent by evaporation and precipitation with hydrogen chloride,
Flsmephotametric analysis of the purified product shows the rubidium
chloride content to be approximately 99.7 per cent.

The procedure for the quantitative determination of rubidium and
cesium involves separating samples of the mixed chlorides by elution
from & column containing a resin bed of Dowex 5O resin, minus LOO mesh,
87 om, high and 2,2 om, in dismeter with 0,7 normal hydrochloric asid
at a flow rate of 2.7 ml, per minmute and then determining the alkald
metal content of the appropriate fractions by weighing the ignited
rubidium and cesimm sulfates, An accuracy of two per cent is obtained
for 100-200 mg. smmples of the chlorides when rubidium and cesium are

present in a one to one ratio,
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A method for the preparation of high purity cesium chlorids from
pollucite is described in which the mineral is treated with a mixbure
of hydrofluworic and sulfuric acids, This trestment eliminates the
silica £11tration of the other methods (L3) and gives directly cesimm
elur which can be obtained in a fairly pure state by recrystsllisation
from wster (8), |

A precedure for the flmmephotomeiric determination of rubidium and
cesium 1s given in which the flmse intensity et 760 and 852 mu were
megsured for the estimation of rubidium and cesium respectively, The
enhancement effect of large amounts of rubidivm on small smounts of the
other alkalies is demonstrsted and methods described for their epproxi-
mation in the puwrified rubidium chloride,



LITERATURE CITED






56

LITERATURE CITED
1. Archibald, E, H.,, "The Preparation of Pure Inorganic Substances,"
p. L7, Mew York, John Wiley and Sons, Inc., 1932,

20 Ibido’ P. 510

3. Becknan Bulletin 193-B, Beskman Instruments, Inc,, South Pasadena,
California,

L. Beckman Bulletin 259-A, Beciman Instruments, Inc., South Pasadens,
California,

5. Betrand, G,, and Betrand, D,, Compt, rend., 223, 183-5 (1946).

6. Betrand, G,, and Betrand, D,, Mikrochemie ver Mikrochim Aota,,

7. Beukenksmp, J,, and Rieman III, W,, Anal, Chem,, 22, 582 (1950).
8. Clusius, K., and Stern, H,, Hel, Chim, Acta,, 33, k62 (1950),

9. Cohn, W, E., and Kohn, H, W., J, Am, Chem, Soc., 70, 1986 (1948).
10, Cohn, W., J. Applied Phys., 10, 200-2 (1939).

11, Dutt, N., J. Indisn Chem. Soec., 27, 71~k {1950),

12, Fresenius, R., und Jander @,, "Handbuch Der Analytischem Chemie,"
Vol, la, p. 385, Ann Arbor, Michigen, J. W, Edwards, 1945,

13. Freytag, H,, Z, anal, Chem., 136, 16 (1952).

1L, Gatter, A,, und Junkes, J., "Atlas Der Restlinen,* Vol, 1, plate 26,
Vatican City, Specola Vaticana, 19)5.

15. Gessi, V., Ann, chim, applicata., 29, 500-6 (1939).

16, General Scientific Equipment Company, Bibliography on Flempphoto-
metry, (1951).

17. Gilbert, P, T., Hawes, R, C,, and Beclman, 4. O., Anal. Chem., 22,
772 (19505 .



18 .
19,

20,
21,
22,
23.
2k,

25,
26,

270

28,

29,

30.

3.
32,

33.

35.

36.
31.

57

Goudie, A, J,,and Rieman IIX, W., Anal, Chem,, 2k, 1067 (1952),

Hillebrand, W, F., Lundell, G, E, F,, Bright, K, A,, Hoffmen, J, I,,
"Applied Inorganic Analyses,® Second Edition, New York, John
Wiley and Sons, Ins., 1953.

Ibid., p. 6L8,

Ibid., p. 681,

Keyas, G., Compt. rend,, 208, 1002-3 (19L$).

Kayss, G., J, chim, phys., 47, LOB-410 (19L8),

Kunin, R., and Myers, R, J., "Ion Emchange Resins,® New York, John
Wiley and Sonms, Inc,, 1950, . ’

Ibid., p. 58,

Miner, R, W,, "Annals of the New York tosdemy of Seiences,* Vol,
57, Art, 3, p. 130, New York, The Academy, 1953.

Mosher, R, E,, Boyle, A, J,, Bird, E, J,, Jacobson, 8, D,,
Batchelor, T, M,, Iseri, L, T,, and Meyers, G, B,, Am, J.
Clin, Path,, 19, L61-70 (19L9).

O'Lou{y,;ld J., and Papish, J., Ind. Eng. Chem,, Anal, Ed., 6, 107
1934).

Ringler, R, L,, Private Communication,

Reagent Chemicals, /C8 Specifications, 1950, imerican Chemical
Society.

Robinson, F, C,, and Butchins, C, C., 6, 7h (1884),

Ssmmuelson, O,, "Ion Exchangers In Analytical Chemistry," New York,
John Wiley and Sons, 1953.

Ibid., p. 13.

. Ibid,, p. 7L.

Ib&‘io, po 780
Ibid., p. 106,
8ato, S., J, Chem, Soc, Japan, 72, 420-2 (1951).



58

38, Seidell, A,, "Solubilities of Inorganic and Metal Orgsnic Com-
. ,* Third Edition, Vol, 1, D, Van Nostrand Co., Inc.,
1940,

39. Sweet, R. C., Riemsn ITI, W,, and Beukenkmp, J., Anal, Chem.,
6, 952 (1952).

4O, Tompkins, E, BR,, Kohn, J,, and Cohn, W, E,, J, Am, Chem, Soc.,
69, 2769 (19L7).

L1, Vanstone, F, H, and Philcox, H, J., Amn, Rep. East Malling
Research Sta, Kent, 105-10 (19L9).

L42. Wells, R, C., and Stevens, R, E,, Ind, Eng, Chem,, Anal. Ed., 6,
L39 (193L).

L3, West, R,, and Anderson, R, P., "Incrganic Synthesis, Vol, IV,
P. é, New York, McGraw-Hill Book Company, Inc., 1953.

Ll. Yamatere, K., J. Chem, Soc. Japan, 72, 559-61 (1951).
L5, Zoellner, G,, Email-Keramo Tech,, 2, 290-L (1951).















Thesis CHEMISTBY LIBRARY
.2 Albdaugh, E. W,

The separation end determination of
rubidium and cesium based on ion
exchange.

Ph.D. 1954




Vi

WICHIGAN STATE UNIVERSITY
LU T

M I‘ WAL

3 1293 03056

0

L
I

Il

i

0563



