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CHROMATOGRAPHY OF THE ALKALINE EARTHS
ON CHELATING ION EXCHANGE RESINS

CHAPTER I
INTRODUCTION

Ion exchange resine have been applied to analytical
chemistry for many years. Some of their first applica-
tions were in the separation of lonie from nonionlc mater-
ials and in concentrating ions. The solutions were passed
through a column packed with an ion exchange resin and the
lons were absorbed by the resin. By the use of a suitable
elutriant such as a strong acid or base, the ions could be
eluted. Resins were developed for the absorption of elther
cations or anions.

In general the strength with which ions were held
depended mostly on the charge, with higher charged lons
being more strongly held. The size of the solvated lon
also had some 1nfluence.

To effect the separation of simllarly bound ions, two
methods are commonly employed. The first conslsts of com=-
plexing one to change the sign of its charge. Since the
ions must be selectively complexed, this will have limited
applications. The second method is to use an elutriant
that will tend to replace or complex one ion and not
another. These include the mineral aclds, salt solutions,

organic solvents, and complexing agents 1ncluding



chelating agents. Most of these show only slight selectiv-
ity and consequently require long columns. The chelating
agents on the other hand are frequently highly selective
but have the disadvantage of often being only slightly
soluble in aqueous solutions,

If the chelating agents are chemically incorporated
onto the resin, advantage can be taken of their properties
to absorb and desorb metal ions selectively. Furthermore,
columns can be regenerated for reuse. Two criteria are
necessary in this respect. The chelate must have a struce-
ture capable of resin formation and it must be stable
enough to withstand polymerization. Since chelate com=-
plexes are formed only with polyvalent ions these resins
will not absorb the alkalli metal ions.

The purpose of this project was to test some of the
properties and develop some applications of certain chelate-
ing lon exchange resins. Specifically, the experiments
dealt with resins using 8-quinolinol and o-aminophenol
incorporated on a sodium hydroxlde formaldehyde resin.
Applications were limited to investigations of the alka-

line earth metals.



CHAPTER II
SURVEY OF PREVIOUS WORK

Abundant literature is avallable on the general use
and speclific applications of conventional ion exchange
resins., The general theory and basic types are discussed
by Kunin and Myers (4), by Samuelson (8) and by Kitchener
(3).

The literature on chelating lon exchange resins 1is
very limited. In 1952 Gregor and co-workers (2) published
a paper dealing with them. He used m-phenylenediglycine
as the chelating agent for most of his work. He made
studlies of the absorption characteristics at various pH
levels with a number of divalent metal lons. He also made
a resin using o-aminophenol and made a few tests on it with
cobalt, ferrous iron, and nickel., He found that all 1on
absorption was reversible and could be desorbed by 1 M.
HCl. He further found that the resin was unaffected by
several hundred cycles.

Several more resins including resorcinol, resaceto-
phenone, (3 =resorcyelic acid, o-amlnophenol, and
8=-quinolinol as the chelating groups were developed by
Pennington (6, 7). Resoreinol although not a chelate

does form a chelate structure in the resin., The



o-aminophenol resin here apparently had considerably greater
capacity than in Gregor's work. This probably 1s the con-
sequence of the physical structure. Somewhat different
methods of polymerization were used. Pennington studied

the absorption of various divalent ions; namely, copper,
cobalt, iron, nickel, calcium, and magneslum at various pH
levels., He further studied the chromatography of copper,
nickel, and cobalt on 8-quinolinel resin., Copper and

cobalt were satlsfactorily separated, but nickel appeared

in both eluates.

In 1959 (1) Dow Chemlcal Company announced a commer=
cial chelating resin, Dowex A-l. The chelating agent 1is
iminodiacetate., It is incorporated on a styrene-divinyl
benzene copolymer. Its recommended uses are the concentra-
tion and separation of small amounts of heavy metals from
alkall and alkaline earth solutions, the separation of
alkaline earths from strong alkall solutions and the separa-
tion of nickel from cobalt or copper. Other applications

are belng developed.



CHAPTER III
PREPARATION OF RESINS

The recipes for the preparation of the resins were
taken from Pennington (6, p. 21-24),
l. B8e~quinolinol resin

8"qu1n011n01 e e e o . 2900 mlo (0020 m°1.)
(Eastman white 1ab01)

Water . . ¢« ¢« ¢ « ¢« o« o« 100 ml,

Sodium hydroxide, 6 N. + 30 ml. (0.18 mol.)
solution (Mallinkrodt

reagent)

Fomald‘hyde e s o & e 40 ml, (0050 mol.)
(Van waters & Rogers
UueS.P.=N.F)

Resorcinol (Paragon . . 22,0 g. (0,20 mol.)
Testing Laboratory)

The resorcinol was dlssolved in a beaker in the
sodium hydroxide and water. The 8-quinolinol was stirred
into this. ©Special effort was needed to get all the lumps
broken up. This solution was left at room temperature for
one and one~half hours with no noticeable change. The
formaldehyde was added and allowed to set. No change was
observed after three hours. It was placed on the steanm
bath and started to jell in 20 minutes, becoming qulte
firm in 35 minutes., It was then broken up into chunks and
dried in an oven for four hours at 105°9-1100 ¢. At this



time it was ground up and dried overnight in the oven.
The resin was ground in a mortar to pass through a 20 mesh
sieve. The sample was screened into 20-40, 40-60, and
finer than 60 mesh portions. The resin produced appeared
black but was actually a very dark red.

A second batch was made similar to the one described.
The results were essentlially the same.

2. O-aminophenol resin

O-aminophenol . « « « « 21.8 g. (.20 mol,)
(Eastman Practical)

Sodium hydroxide . « + « 50 ml. (.30 mol.)

Water . + « ¢« ¢« ¢ o« ¢ « 100 ml,

Formaldehyde, 37%# . . « 40 ml, (.50 mol.)

The ingredients were stirred together. A small amount

of a stlcky gumlike residue was formed at the bottom. It
welghed about one gram and was discarded. During the
stirring the sldes of the beaker were rinsed down with a
total of about 15 ml. of water. The solution was placed
in the oven at 85° C. A scum formed in one and one-half
hours. In another one and one-half hours this was dry on
top. It was stirred in and again the beaker was rinsed
down with about 5 ml, of water. After seven more hours in
the oven the scum was again stirred 1in, producing a Jjell.

This was placed in a warm oven overnight with the heat



turned off. It hardened very slowly. The chunks were fre-
quently broken up to hasten the process and to facllitate
grinding. The material was separated into two beakers and
dried overnight in the oven at 85° C. The resin was rather
hard, and 1t was quite difficult to grind. It was screened
into 20-40, 40-60, and finer than 60 mesh portions.

A second batch was prepared doubling all constituents
except water. To hasten the hardening and drylng, only
180 ml. of water were used. As before, a small gumlike
mass was formed. Thls welghed 1.5 g. A total of 28 hours
in the oven was required to produce the final dry resin.
Again, the resin was hard to grind. The resin was black
in color.

The resins were next washed. The method and results
were similar to those obtained by Pemnington (6, p. 21-24).
The washing consisted first of washing with water and de=-
canting. When the wash waters had only a slight brown
color, the resins were placed on several sheets of filter
paper in a buchner funnel. Then they were washed alter-
nately with 0.1 M. HCl and 0.1 M. NaOH, rinsing with water
after each.

Pennington found that a slight brown color persisted
in the 0,1 M., NaOH wash water. Upon acldification this



coagulated. It was decided to run a washing continuously
end determine if possible how long this c¢olor would per=-
sist. Vhereas Pennington washed his in a column for two
to three days, these were washed approximately six weeks.
A total of 45 liters of 0.1 M, NaOH was used without wash-
ing out all color. Subsequent tests indicated that the
absorption properties had been destroyed.

The resins used in the experimental work were washed
in columns by reverse flow., The 8-quinolinol resin was
washed with water for a few hours, with 0.1 M. NaOH for
three days, ageln with water for one day, with O.,1 M, HC1
for three days, and finally with water untll nearly neut-
ral. A second batch was washed two days with 0.1 M.

NaOH, 6 hours with water, 12 hours with 0.1 M. HCl1l, and
finally with water until neutral. The flow rate for wash-
ing was from 1-3 ml. per minute.

The o-aminophenol resin was washed as above., A total
of 10 liters each of 0.1 M. NaOH, Hp0, and 0.1 M., HC1l were
used, followed by water until neutral.

Several attempts were made to produce other resins.
Arsenazo (3-(2-arsonophenylazo)=4,5-dlhydroxy=2,7-naphtha~
lene disulfonic acid) and TTA (4,4,4«trifluoro-l-(2-
thienyl)=l,3-butanedione) have benzene ring structures

and could concelvably form chelate reslns.



Arsenazo was mixed with NaOH, formaldehyde, and
resorcinol and heated at 80° C. A jell formed in 24 hours
and dried in another 24, This was ground up. The wash
water was very intensely colored and never became clear.
The resin became progressively softer and finally became
almost gelatinous. This probably stemmed from the high
solubllity of arsenazo in water. No further work was
done on 1t.

TTA was treated llke Arsenazo except that the initial
dissolution was in acetone, and alcoholic KOH was added
instead of aqueous NaQOH. The reaction was vigorous and
produced a soft gummy mass in the solution which was not
removed. It was placed on the steam bath for a few hours,
The gum had now become very hard. When placed in an oven
at 80° overnight, the solution also formed a hard sub-
stance. The combined residue was very tough but was ground
up, It was washed in & column with water for several hours.
In testing 1ts properties copper was not absorbed at a pH
of 8, and therefore the material was discarded. It 1s
possible that these chelates could be co-polymerized in

other ways or on different polymers.
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CHAPTER IV
COLUMN ABSORPTION STUDIES
Buffer and Standards Preparation

A series of buffers was made up for pH ranges from
two to ten, In order to avold interferences as much as
possible, buffers were made of ammonium acetate and either
hydrochloric acid or potassium hydroxide. For every liter
of solution, 100 ml, of 2.5 M. ammonium acetate were used
with sufficient 0.1 M. HCl1l or 0.1 M, KOH to bring the pH
to the desired level, using a pH meter. To avold unneces-
sary repetition, a solution buffered at a pH of 2, for
example, will be termed merely pH 2 buffer.

Similarly, buffers were made of solutions of cupriec
chloride, magnesium chloride, barium chloride, strontium
chloride, and calcium chloride. These solutions were all
0.010 M. in metal ion and were made as follows. Magnesium
metal was dissolved in HCl using a slight excess of acid.
Barium chloride dihydrate was dissolved in water which was
slightly acidic in HCl. Strontium chloride and calclum
chloride were made by dissolving thelr respective carbonates
in HCl., The selections for primary standards were made
according to recommendations by Sandell (9). The correct

amount was weighed out in each case to give 250 ml. of
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0,50 M. solutions, To make the standard metal ion buffer
solutions, 20 ml. were pipetted out and added in each
liter of solution to make the solutions 0.010 M,
Throughout the remainder of this paper whenever a
standard metal solution 1s added to a column, it will be
0.01 M. The concentration will, therefore, not always be

repeated.

Deseription of Equipment

Several columns were made of glass tubing. They had
an inside diameter of 12 mm. and were about 30 cm. long.
The tubing was sealed to a glass crucible which had a
coarse sintered glass disc sealed in it, This dlse, howe
ever, would clog up and was replaced with a glass wool
plug. Subsequent columns were constricted to hold the
glass wool in place.

To control the flow rate, the tips were fitted with
short lengths (13") of latex tubing and fitted with screw
clamps. Short glass tips were fitted into the tublng.

The resin was soaked in water for several hours and
added to the columns, Enough was added so that the resin
height came to exactly 12 em. Thls length was lncreased
to 24 em. in later runs. Another plece of glass wool

was tamped on top of the resin,
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When resin beds of 12 cm. were used, the columns
were long enough so that the desired quantities of solu=-
tion could be added directly into the column. This set-up
needed close attentlion to keep from running dry, especial=-
ly during the elution. In the 24 em. bed the column had
to be modified. A side arm of 6 mm. glass tubing was
sealed in about 2 cm. above the level of the resin. This
was connected by a latex tube to a leveling flask. All
solutions were added directly into this flask., By stopper=-
ing the column the leveling flask could be raised or
lowered to make slight changes in the flow rate. Whenever
a metal lon was added to the flask, it was carefully
rinsed with a minimum of buffer of equal pH. This usually
required two to three ml.

Before the additlon of metal lon the columns were
buffered to the desired pH. In the 12 cm. bed column,
100 ml. of buffer were sufficlent except for pH 9 when
200 ml. were necessary. The 24 cm. bed also required 200
ml. The buffering was done by reverse flow. The tublng
from the leveling flasks was attached to the bottom of the
column and the solution drained through the side arm,

Aliquots were taken starting immediately upon the
addition of metal ion. Obviously, the first few milli-

liters were part of the solution used to buffer the column.
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This was done since no convenlent way was avallable to
indicate when the metal lion buffer first appeared in the
eluant. The column when drained gave 8 ml, This then 1s
an approximation of the volume of resin buffer in the
first aliquot.

Throughout most of the study, the aliquots were taken
in 25 ml. volumetric flasks. When more precision was re-
quired, 10 ml, flasks were used. After the method was

established, the first aliquot was 250 ml.
Methods of Analysis

A Perkin-Elmer flame photometer was available and
this permitted the direct analysis of the alkaline earths.
Usually little interference was noted when analyzing in
the presence of each other. The one exception was that
strontium interfered in the determination of barium. Re-
produeibllity was usually within five per cent. This means
that when the readings taken for each aliquot were added
together, they totaled within five per cent of the reading
on the original sample added. The readings were always
lower than calculated. This phenomenon is readily ex-
plained by the fact that the presence of HCl suppressed
the readings. The last few aliquots were obtained, using
HCl1l as the elutriant, and this fraction frequently
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contained a major amount of the metal. The slightly lower
readings then still justify the assumptlion of complete
elution, Magnesium could only be determlned to within
about 15 per cent. Therefore, its behavior was establish-
ed on a qualitative basis only by this method. In the later
analysis of calcium and magnesium mixtures, calclum was
determined by the above method. Total hardness was then
run by a versene titration and the difference taken to be
magnesium, For some unaccountable reason, an interference
was present in this titration. The end polnt was not
elear. This wes remedied by the addition of & small
amount of KCN., However, no theoretical justification for
ite use was proposed, It was proven that the interference
was not linked with pH.

The recovery by this method was within 4 per cent.
The analysis on the final runs of magnesium and calcium
was done on a Beckman model B spectrophotometer with a
flame attachment. The apparent accuracy was within about

two per cent, based on total recovery.
General Experimental Procedure

The resins were treated as previously described.
After the level of the metal solution that was plpetted
into the leveling flask and the rinse solution reached the
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top level of the resin, it was followed by the o;utriant
buffer. The amount of buffer added varlied as was deter-
mined necessary. The buffer was always followed by HCl.
The HC1l removed all metal that remained absorbed. The
resin was then washed with water until the pH was about 5.

The column was then ready for the next run.
Initial Testing of Resins

Preliminary tests were made to see 1f the resins had
any absorbing properties. Using a 12 cm. hed, the resine
vere buffered to a pH of 2. To each column were added
50 ml. of copper solution., Aliguots were taken starting
immediately. The eluate consisted of 50 ml. of pH 2
buffer, 75 ml. each of 0,1 M., and 1.0 M. HCl. Each aliguot
vag 25 ml., The presence of copper was detected by adding
ammonia and visually noting any blue color preoduced. If
copper did not appear until after the HCl had been added,
it wes assumed that absorption had taken place. On the
other hand, i1f copper appeared in the first or seccnd
aliquots, the absorption was considered too small to merit
investigation.

The tests here indicated that those resines which had
been washed for a very long time as previcusly described
did not absorb to any detectable degree. The long washing
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had obviously broken down the chelating structure.

A sample of 8-quinolinol resin was taken from batch I.
This wes the portion of the screenings passing through the
No. 60 sleve., It was washed for three days with 0,1 M.
NaOH, three days with 0,1 M, HCl with one day in water
between and after the above steps., VWhen tested with copper
as above, absorption was indlcated by the fact that copper
did not appear in the eluate until 1 M, HCl was added. All
subsequent 8«quinolinol resin tests were made on this

resin.
Absorption Characteristice of 8-Quinolinol Resin

The absorption properties of 8-quinolinel resin were
tested with barium, strontium, magnesium, and caleium.
All resin beds were 12 ecm. In each case a total of 50 nl.
of metal lon solution was used. When two solutions were
added simultaneously, 25 ml. of each were taken. Effluent
aliguots were 25 ml. A total of 7 (and later 5) aliquots
was thus taken., These were followed by 0.1 M. HCl until
2 more were obtalned.

Barium and strontium were run at pH levels of 2, 4,
6, 8, and 9. Absorption dropped rapidly to negligible
levels at pH 6 and below. Runs wlth caleium and magnesium

were therefore made only at pH levels of 6, 8, and 9.
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Table I gives the data obtalned with barium above pH 4.
This covers the range from zero to complete absorption.
The flame readings for each aliquot were added and come
pared to the reference at 0,01 M, 3Since the added amount
was 50 ml, and the aliquots tsken were each 25 ml., the
added total of the flame readings should be twice that of
the reference. Whenever possible, the reference for 0,01
M., metal was set at 100. This table is representative
of the type of data collected. This data can readily be
graphed by plotting concentration vs. volume of eluate.
Since graphical representation 1llustrates the elutlon
patterns more c¢learly, it 18 used predominantly in subse-
quent data,

Analysis of the data showed similar elution patterns,
At pH values of 2 and 4 all metal had been eluted by the
third aliquot. Abserption was slight at pH 6, somewhat
more at pH 8, and strong at pH 9. The absorption at pH
of 8 and below, however, was not sufficlent for practical
consideration under these conditions of metal ion concen-
tration and column length, The elution of the metals
with HC1l from the pH 9 buffered columns showed different
elution patterns. This is 1llustrated in the graph of
Figure 1. 1In order to determine 1f these elution patterns

could be used for separations, long runs were made., At a



Table I. Barium on 8-Quinolinol
Run l= Run leJ Run l-X Run 2«J
ame ame ‘lame ame
Read=- Read=- Read=- Read=-
Allquot Elu= ing on Elu=- ing on Elu= ing on Slu- ing on
No. triant Eluate triant Eluate triant Eluate triant Eluate
i 3 Buffer 22 Buffer 43 Buffer 12 Buffer 0
2 pH = 4 100 pH = € 91 pi =38 36.5 pH =9 0
3 pH = &4 82 pH = 6 T3 pH = 8 23 pH = 9 0
4 pH = &4 2 pH = 6 8 pH = 8 13.3 oH = 9 0
5 pH = &4 0 pH = 6 2 pd = 8 2 oH = O 0
o) 0.1 M.HC1 0 0.1 M.HC1 0 0.1 M.HC1 0 pH = 9 0
8 pH = 9 0
9 1.0 M.HC1 23
10 1.0 M. HC1=100
Total 206 215 101.8 -
0.01 M Ba (for 100 100 55.3 100
reference)
Per cent Reeovery 103 107.5 g2 -

8T
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pH of 9 a mixture of strontium and barium was added. The
first 10 aliquots were taken at the same pH., This was
followed by 5 aliquots at a pH of 8 and finally with
100 ml., of 1 M. HCl., Traces of barium and strontium
appeared from the beginning. More appeared at a pH of 8.
However, only about 20 per cent of the total added was
eluted in the first 15 aliquots. The remalinder came out
with the acid. No appreciable separatlion was obtalned.

A simllar run was made with calcium and magnesium.
These showed similar elution patterns with no obvious
selectivity. Therefore, no further tests were made on

this resin.

Absorption Characteristics of O-aminophenol Resin

Similar testing was simultaneously done on o-amino=-
phenol resin. This resin showed properties that could be
utilized, As in the previous case, runs were made with
strontium and barium at pH 2, 4, 6, and 8, Calecium and
magnesium were run at pH 4, 6 and 8, With barium and
strontium some absorption was observed at pH 4. However,
about 90 per cent was eluted in the first 7 aliquots, 1l.e.,
before any HCl was added. At pH 6 small amounts of
strontium appeared in all aliquots, but only a total of
about 10 per cent was eluted in the first 7 aliquots.
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Graphs for the elutlon patterns for strontium, barium,
calclum and magnesium are shown in Figures 2, 3, 4 and 5,
respectively. At pH 8 complete absorption took place and
therefore no elution patterns occur.

Having demonstrated that absorption did take place at
pH greater than four, the next step was to establish
elution patterns for the several metals, To improve on
the accuraczy of the patterns, it was decided to collect
10 ml, semple aliquots and to double the length of the
columns to 24 em., The first two aliquots collected were
25 ml, each and were followed by 22 aliquots of 10 ml,
each, Finally two more were taken of 25 ml, each. The
colunns were buffered and 50 ml. of sample added at pH 6.
This was then eluted by & pH 5 buffer, The results are
plotted in Figure 6. The volume of effluent is plotted
versus concentratlon in the effluent.

Several thinge were indicated from these data. HMeg-
nesiun wes eluted most rapldly, followed by strontium,
barium, and caleium in that order., Barium and strontlum
patterns were quite simllar. However, later runs showed
barium more strongly absorbed than here indicated. The
most probable separstion should be magnesium from calelum.
The others hed elutlon patterns that wldely overlapped.

In order to test conclusions reached from individual
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elution patterns and from the total mixture above, the
following combinations were run. A 25 ml. alliquot of each
metal lon solution was used.
(a) Barium and Strontium
A mixture of barium and strontium ylelded individ-
ual elution patterns that overlapped over a conslderable
portion, Exact patterns were not established because of
the limits in the analysis. Strontium interfered strongly
in the flame photometer determination of barium. Stron-
tium appeared in definite measurable quantities when the
barium was uabout two-thirds eluted.
(b) Magnesium and Strontium
Runs with strontium and magnesium mixtures were
made eluting with pH 5 and pH 6. Strontium 1s more strong-
ly absorbed but at pH 5 strontium appeared when the mag-
neslum was about 50 per cent eluted. At pH 6 the magnesium
was not yet belng eluted #fter 12 aliquots.
(e) Caleium and Strontium
Calcium and strontium (10 ml, each) were absorb-
ed with about equal facllity. At a pH 5 elutlion no separ-
ation was observed. Only slight amounts of each appeared
after 600 ml. of buffer.
(d) Caleium and Barium

Calcium and barium were treated as the previous
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mixture. The results showed barium was preferentially
absorbed but not by a sufficlent margin to effect separa-
tion under these conditions.
(e) Magnesium and Barium

Magnesium and barium were run as above but using
a pH 4.5 buffer. By collecting 350 ml. at this pH, the
magnesium was eluted and the barium absorbed. A versene
titration showed that the first 350 ml. contained 98 per
cent of the magnesium. The flame photometer detected no
barium in this portion. When further eluted with 1 M, HCI,
the flame photometer indicated 90 per cent barlum recovery.
Both of these results were within the accuracy of the
methods used..

(f) Magnesium and Caleclum

The calcium-magnesium separation seemed most
probable and was the most extensively investigated system
in this project. The results obtained here differed
markedly from the data by Pennington (6, p. 68, 84). His
data indicated no calecium absorption below pH 6 while mag=-
nesium absorption was still appreciable. The data gathered
here indicated that at pH 5 calcium was strongly absorbed
although the capacity of the resin had been greatly re-
duced. At pH 4 in a mixture of calcium and magnesium,

calclum began to appear in the fourth aliquot. This means



that it appeared in the second aliquot after pH 4 buffer
was added since 25 ml. each of pH 6 caleclum and magnesium
solution had been used to rinse the ions onto the column.
However, only about 20 per cent of the calcium had been
eluted by the end of aliquot 6.

As 1llustrated in Figure 4, at pH 6 calcium appears
in the eluant for a few alliquots and then no more is eluted
untlil HCl is added. 3Since this is only about 10 per cent
of the total amount added to the column, the implication
seems to be that the amount added was in excess of the
capacity of the resin under those conditions. At pH 6,

25 ml. of 0,01 M. calcium solution is too much for a
12 cm. column.

Consequently, the column was increased to 24 cm. 1In
this separation the attempt was first made at pH 4 and pH
5. In the pH 4 run nelther calcium nor magnesium was very
strongly absorbed. At pH 5 the magnesium elutlon was
rather slow. The calcium seemed to follow a pattern indi-
cating a saturation condition despite the 24 cm. columns,
The volume of calclum was then reduced to 10 ml. and a
compromise pH of 4.5 was used. At this concentration and
pH the calcium was selectively absorbed and the magnesium
could be eluted. ©Since the flame methods were not very

sensitive to magnesium, the analysis procedure was
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modified to compensate for this. The aliquots were
analyzed for calcium on the flame photometer and each
aliquot was also titrated for total hardness with EDTA.
The minimum detectable deviation on the photometer meter
was about 0.5 scale division or about 2.5 per cent of the
total calcium added. When an aliquot showed this reading,
it was assumed that calclum was being eluted and it, with
all subsequent aliquots, was analyzed for calecium. It was
further assumed that the previous aliquots contained all
the magnesium. Table II 1llustrates the results. It is
based on the run described in the following paragraph
where 10 ml, of caleium and 50 ml. of magnesium were added
and eluted at pH 4.5. The minimum detectable calcium is
indicated as appearing in eluant No. 4. However, with the
inherent error of such small scale readings, an equal con=-
centration could have gone undetected in eluant No. 3. If
No. 3 18 included with the calcium, the recoveries are
very nearly complete. This overlap here 1s concerned with
about 5 per cent of the total calcium but only about 0.6
per cent of the total hardness, Table III shows the exact
percentage recoveries. As desceribed in the following para-
graph, this overlap can be substantially decreased.

A final series of runs was made in which the amount

of calcium added was kept constant while the amount of
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Table II. Determination of Total Hardness by
Flame Analyslis and Versene Titration

Volume of
Volume of Flame read-  versene
Eluant Elutriant collected 1ings (set (for total
No. buffer aliguot for calcium) hardness)
1 pH 4.5 250 ml. 0 51.980
2 pH 4.5 100 0 3.024
- pH 4,5 25 0 0.460
4 pH 4.5 25 0.5 0.450
5 1 N HC1 25 1 0.500
6 1 N HC1 25 42 9.545
7 1 N HC1 25 0 0.0
Total 475 ml. 43.5 65.949
Standards
Ca 0.005 M. 54
Ce 0.01 10 ml. 10.942
Mg 0.01 10 ml. 10,916
Mg 0.01 50 ml. 54,580

Theoretical total 43,2 65.522
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Table III. Separation of Calclum and Magnesium
at Different Volume Ratios

“Par cent recovery at

Volume Used s
Run_ Ca*tt Mg+t agh+ Catt Mg+t Ca*t  Mgtt catt
U 10 10 100,0 100.7
v 10 25 99.7 103.2
M 10 50 100.1 99.45 101.5 95.8
N 10 100 97.5 125.0 100.0 99.9

magnesium was varied, including sample volumes of 10, 25,
50, and 100 ml, The results are tabulated in Table III.
Up to 50 ml, or 0.5 millimole of magnesium, the elution was
essentlally complete after the total eluant volume was
350 ml. The greater volume required when 100 ml, of Mg
was used stems directly from the fact that this sample
likxe the others was added at pH 6; for, although the first
100 ml, were part of the collected eluant, they were
actually not part of the elutriant. This effect should
have appeared slightly at the 50 ml. sample level but did
not appear to. It seems then that the concentration of
the mégneslum could vary considerably, but the volume should
be kept below 50 ml,

The final run consisted of making two runs simultan-

eously. One consisted of 10 ml. of each solution, the
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other was a check and contalned only the magnesium. The
first aliquot contained 250 ml, Four subsequent aliquots
were then taken of 25 ml. each. These were analyzed for
caleium on a Beckman model B spectrophotometer with flame
attachment. The concentration of the calclum was at the
lower 1limit of the instrument sensitivity, 1.e., less than
1l ppm. However, the readings indicated that the amount of
calcium in the first 350 ml, is about 0.5 per cent or less
of the total amount added.

Sumnary

These experiments clearly demonstrate that at the
levels indlcated, magnesium can be separated from calclum
by the use of o~aminophenol resin to within at least 99
per cent accuracy. The runs at the 10 ml. level were re-
peated on different but identical columns, on different
days and at flow rates varying from about 1 ml. to 3 ml,
per minute. The results were essentlally identical. A
total of 50 runs, 25 on each column, was made with thls
resin. Many of the calecium-magnesium runs were repeated,
and the elution patterns were essentlially the same
throughout for any given conditions. This serves to indi-
cate the stabllity of the resin and the reprodueciblility of
the results.
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CHAPTER V
SUMMARY AND CONCLUSIONS

The field of chelating ion exchange resin applica-
tions 1s still largely undeveloped. The stated application
for the commerclal chelating resins i1s primarily for the
concentration of heavy or alkaline earth metals from con-
centrated alkall metal solutions. Only a few chromato-
graphlic-type separations have been developed.

It was the purpose of this project to test the repro-
ducibllity of the resin synthesis, to briefly attempt new
combinations, and to investigate the applicabllity of
these resins to the alkaline earths,

The resin preparatlion readlily duplicated previously
published (2, 6) results. This indicated that the resins
could be prepared readlly with consistent results.

An attempt was made to form a resin incorporating
arsenazo. A resin formed, but upon washing it became pro=-
gressively softer until gelatinous. The apparent reason
was that the solublility of the arsenazo group was so
great that water was adsorbed on the resin until the
structure broke down.

In the chromatographlc applications the 8-qguinolinol
resin showed appreciable absorption sbove pH 8. However,

under the conditions of concentration and column length
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used, separations seemed improbable. The o-aminophenol
resin absorbed at pH values above 4, Some selective abe
sorption was shown. At a pH of about 5 the order in which
the alkaline earths were absorbed was magnesium, strontium,
barium, calcium; in which calcium was the most strongly
absorbed and magnesium the least. It appeared that mag-
neslum could be separated from elther barium or calecium by
eluting the magnesium at pH 4.5.

The conditions for the caleclium-magnesium separations
were carefully determined. By washing the metals onto the
column at a pH 6 or 7 and eluting with pH 4.5 buffer, the
magnesium 18 eluted in 350 ml., For 24 em. columns the
total calcium used should be about .1 millimoles. The
magnesium can be increased to at least 1.0 millimoles pro=-
viding the total volume of metal solution added to the
column 1s kept to about 50 ml.,

As noted, these results differ from predictions based
on the equilibrium studies of Pemmington (6, p. 68). It
1s possible then that the demonstrated selectivity is due
primarily to a kinetic rather than a thermodynamic
phenomenon, Additlonal evidence would be needed to def=-
inlitely prove this,

It 1s felt that in the field of chelating lon exchange
chromatography lies the potential for separating other

metals of similar chemical properties.
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