














26
concentration.

The ions were placed directly upon the column, with
no additional complexing agent being added. Just before the
column ran c¢ry, fifty milliliters of C.1 M citrzte were added,
followed by fifty milliliter portions of 0.5 M and 1 ¥ ci-
trate and 1 K citric¢c acid. The first ion to appear in the
effluent was mercury, which appeared zt 10 milliliters,
peaked at 15 milliliters, gr=dually decreased and was com-
pletely gone at 60 milliliters. Barium first appecred at 20,
caleium at 25 and strontium at 4C milliliters. The volume
increment with the maximum concentration of each ion can be
obtained from Figures 1 through &, in which concentration of
each ion is plotted against volume of effluent. The second
group of ions was obtained from the G.5 M and 1 M portions of
the effluent. In these solutions, the following ions were
found, in order: silver, lead, cadmium, magnesium and mang-
anese. This group began at 60 milliliters and was completed
at 160 milliliters., The third group consisted of nickel,
copper, cobalt, zinc and aluminum. The first ion appeared at
the 180 milliliter portion and the last ion was completely
removed at 225 milliliters.

Two ions were found to be still ebsorbed at all con-
centrations of citrate ion and citric ze¢id. Iron and chromium
were finally removed by the use of 0.5 K hydrochloric acid.
Under theze conditions both the iron and chromium colors can

be detected on the column. Iron first appears at 270
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milliliters and was completely removed at 310 milliliters.
Chromium first appeared at 310 milliliters and was completely
removed at 330 milliliters.

The elution curves obtained by the spot test technique
previously described zre found in Figures 1 through 8. It
should be noted that nickel appears in two places in these
curves, in the 1 M citrate and in the 1 ¥ eitric acid. This
was repeatedly found, and was considered to be possibly two
species of nickel or two different complexes in which the
rete of equilibrium is very slow.

Al though the prinecipal purpose of this study was to
obtain group separations by anion exchange, the groups that
were produced were further broken down by other chemical
means and each ion identified by an appropriate test. In
some cases, part of the effluent could be discarded in the
interest of cleaner seraration. In this way a mixture of
ions was teken, broken down into groups and each ion identi-
fied by an ir lividual test, or if necessary the groups may
be further subdivided and each ion obtained alone.

The analysis may be carried out as follows. The first
fifteen milliliters of the 0.1 M ammonium citrate portion are
discarded and the remainder concentrated by evaporation to 20
milliliters. A five milliliter portion of this solution is
treated with stannous chloride, and if mercury is present the
entire solution turns grey due to the reduction of mercury

(I1) to metallic mercury. This is removed by centrifugation.
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The remaining solution is treated with 1 M rotassium chromate
in slightly acid solution. Barium precipitates under these
conditions and can be centrifuged out. Strontium sulfate
will prrecipitate in slightly acid solution. This is best
accomplished by the use of ammonium sulfote. Some calcium
may coprecipitate, but this will not interfere with the flame
test for strontium. Calcium is finally identified by pre-
cipitation as the oxalate in slightly acid solution. The
precipitate must be washed carefully to remove any possible
strontium ions that may be left in the golution. Washing
with water will accomplish this purpose. In the case of
barium, strontium and calcium, flame test mzy be used as
confirmatory tests.

The second grou:r composed of effluent from the 0.5 I
and 1 ¥ ammonium citrate fractions is treated as follows.
The firct ten milliliters are discarded. The group can then
be subdivided into two groups if a portion of the effluent is
discarded. The elution curves for this group show that if
the 100-110 milliliter portion is discarded, some small amount
of cadmium, magnesium und manzanese are lost. The amount lost
is adeguately compensated for by the added ease of handling
this groupr. There will now be two sub-groups, one with three
ions: 1lezad, silver and cadmium, and another group with mag-
nesium, minganese and some nickel. The first sub-group is
trezted as fcllows: Silver is precipitated from a warm so-

lution as the chloride and centrifuged out. Iead can be
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nrecipitated {rom the centrifuyrate as the chromate. The cad-
mium which remnins can be identified as the yellow sulfide.
The 3econd sub-group is treated with excess sodium hydroxide
and heated., After standing a few minutes, manganous, magne-
sium and nickel hydroxides will precipitate. This preciypi-
tate is dissolved in 1 K nitric acid and exch ion is identi-
fied separately, magnesium by the blue lake with 3 and O re-
agent, manganese as purple permanganate produced by oxidation
with sodium bismuthete and nickel as red nickel dimethylgly-
oximne, precipitated in ammoniacal sclution by the addition of
dimethylglyoxime.

The thir~d group composed of effluent from 1 N citric
acid fraction has to ve handled somewhat differently due to
the difrficulty of testing for aluminum in *his solution.

The solution in the 180-235 milliliter range is collected
and evaporated to dryness in a crucitle on the hot plate.
The crucible is then placed in a muffle furnace at about
600° and ashed. The ash is then dissolved in 1 I nitric
acid. The temperature of ashing must not be allowed to rise
too high since zinc may be lost by volatilization. The
nitric acid solution containing copper, cobalt, nickel, zinc
and aluminum can be tested directly for eluminum by thé
fluorescent tesat using morin. If the solution is then treat-
ed with sodium hydroxide, copper, cobalt and nickel hydrox-
ides precipitate and can be centrifuged. The solution can

be tested for zinc either by precipitation of cobalt or
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copper tetrathiocyanatomercurate (IT). The hydroxide pre-
cipitate is dissolved in concentrated hydrochloric acid and
copper reduced by sulfite and precipitated as the white cu-
prous thiocyanate by the addition of ammonium thiocyanate.
After the copper has been removed cobalt and nickel can bhe
identified independently of each other, cobalt by the blue
color produced with ammonium tniocyanate and acetone and
nickel by the red precipitate of nickel dimethylelyoximate.

The last group composed of effluent trom HCl fraction
is very simple to handle. Iron ig identiiied by the red
color with thiocyanate ion and chromium can be identified by
oxidation to chromate with sodium peroxide nnd the reaction
of this chromate ion with benzidine acetate in acetic acid

solution to produce a blue color.



CHAPTER IV
DISCUGSION

In general, the ease of removal of the virious ions
from the resin benr out whot would huve been expected from
the equilibrium data. The distribution coefficients obtained
in the study asine varying acid strength strongly suggest
possible separations utilizing eluting agents of different
acld strengths. Perhaps better senurations would nave been
obtained 1f 1 rmixture of jperchloric wecid 2nd winonium citrate
had been used ratner than simple acid solutions.

The absorpticen on an ion-exchuange resin will depend on
the churge on the complex and the size of the ion. In a so-
lution of higher citrate concentrution, the charge on the
complex should be lnrger than the charse on the compiex in
i1esser citrate concentration. This of course holds true only
when the element is capable of forming more than one species.
For this reason, it would be expected that better absorption
would occur at nigher citrate concentrations. In practice
the exact opposite behavior has been found for almost all
elements studied. This behavior has ulso been noted and re-
ported on by Kraus cnd Moore.17 Apparently the size of the
ion must plzy an important pirt here. As the size of the ion

3l



32
increases, it becomes more difficult tor the ion to peanetrate
into the interstitial spaces and approuch the exchunge site.

The absorption process is said to trke place in three
steps. The ion must diffuse through the resin to the ex-
change site, exchunge must tuke place and the displaced anion
nust diffuse away. When absorption is found to be c¢onsider-
ably smailer in more concentrated solutions, it must be that
the first step of the exchange process i3 the limiting factor.
Therefore, the size oI the ion is very important.

Tne order oY elution takes jplace in o munner which can
be related to the approximn:te sizes of the uncomplexed ions.
Sarium, m-rcury, strontium, silver, lend and cnlcium are the
lirgest ions. All of these except silver and lead are in the
first group to be removed. Silver zand lead are insoluble in
0.1 N citrate solution and nrecipituate upon the resin. There-
fore they cuannot be eluted until the citrate sclution is suf-
ficient to put them back in solution. Cadmium 2nd manganese
are the next in size. They are found in the second group
2long with silver, lead and magnesium. WNagnesium is the only
one here whose size differs markedly frowm the rest. This
points out what has been suid before. Size is not the only
criterion. Cobalt, nickel, cop;er, zinc and aluminum are
found together. Of these five, only aluminum is very differ-
ent in size., Here the nature of the complex useems to be more
important. Aluminum and copjer =are said to form complexes in

citric acid which are positively charged. It 13 probable that
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ti:e other three ions do likewise. The finnl two elements to
come off the column are iron and chromium which =2re also of
apyproximately the same size.

As pointed out before, both silver and lead citrate
are gsomewhat insoluble and tend to precipitate upon the resin.
This would explain the anomalous behavior found for these two
iona. 1In the equilibrium work, where there was a amzll, fixed
amount of citrate ion, distribution coefficients were obtained
which would seem to indicate that strong <bsorption was taking
place. It is very likely that this was not true absorption of
the complex, but to a large degree, simple precipitation upon
the resin. In column workx, both ions btehaved zs if they were
not strongly absorbed. In this work, there w:s a large amount
of citrate solution, sufficient to dissolve any precipitate
which might have been formed.

In an earlier gection, it nnis been noted that ions
placed directly upon the wagshed resin are still found to ab-
sorb, some to a very great extent. This 1is best explained
by assuming that the resin is not completely in the R3X form
as previously discussed, but ruther thati some purt of the
resin must be in such a form that some of the coordinztion
centers of the citrate ion are still free. If this were not
so, the phenomenon would involve absorption of a cation by
an anion exchange resin,

One possible explanation has already been advunced.

If the reaction during the conditioning of the regsin takes
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plzce in the following mnnner,
RC1 + (NH4)3K —> R(NH4)2X _— R2NH4X — R3X’

then a cation could be absorbed simply by displacing one or
more of the ammonium ions asgociated with the resin. This
has been noted. If a sample of resin is washed with water
until no ammonium ions appear in the effluent und then treated
with a solution of some metallic ion, additional ammonium ions
are found to appear indicating that these ammonium ions have
been held on the resin and arce being displzced by the cation.

In order to determine whether the ions showing a low
degree of absorption were really absorbed by ion exchange or
whether some simple surface absorption was taking place, the
columns were woshed with large amounts of water to see if any
of the ions could be removed. They were all found to cling
strongly, indicating that an appreciable bending wus tuking
pl=ce.

Nickel has been found to behave peculiarly. As pre-
viously stated, a small amount of nickel was found to appear
in the second group while the bulk of the nickel appeared in
the third group. Two possible explanations may be offered.
The first is that there are two species of nickel present,
the nickel (II) and the nickel (TII). However, since both
forms found give the test with dimethylglyoxime which is
generally considered to react with divalent nickel only, this

seems not to be the case. The other explansation is that
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these are two different anionic complexes of nickel, in equi-
librium. This equilibrium would necessarily be slow, since
it would involve a solid-liquid transformition. In any case,
the two forms of nickel pose no serious problems for the
qualitative scheme.

Aluminum was also found to behuve in = peculiar fashion.
At all concentrations of citrate ion used, aluminum is com-~
plexed strongly and is absorbed completely. In 1 M citric
acid aluminum is still complexed strongly enouzgh to make
standard qualitativ.: tests inapplicable., The complex, how-
ever, is now a positively charged one, and aluminum ie rap-
idly eluted from the column. In order to detect it, the
citric zcid must be destroyed. This is done by ushing in a
muffle furnace. Care must be taken to keep the temperature
under 800°C because zinc will distill at approximately 900°c,

The qualitative scheme as developed in this manner has
some drawbacks. The time involved to msoke all the separations
will run from four to five hours. Additional time will be re-
quired in the breakin.: down ot the groups due to the speciul
procedures necessary in testing for such elements as magne-
sium, manganese and chromium. Also, c¢are must be taken to
keep iron impurities out of all solutions and reagents, since
small amounts of iron tend to collect at the top of the column.

Ca the other hand, some worthwhile geparations have been
made. Cadmium is separated from mercury, which has s.ways been

& source of trouble. Since cadmium is generally identified as
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the yellow 3ulfide, only o« very small uamount of mercury is
necessuary to discolor the precipitate. In this procedure,
mercury will be completely removed before the test for cad-
mium is made. The alkaline earths are already broken down
into two sub-groups, magnesium in one and calcium, strontiun
and barium in the other. Iron and chromium have been com-
pletely removed from aluminum. In the standard scheme of
qualitative analysis they are a constant source of error in
testing for aluminum.

As the elution curves show, there is only 2 smnall amount
of overlan between groups I and II. 1If & ten milliliter frac-
tion i3 discarded here, less than twenty micrograms of mercury
and twenty wmicrograms of silver will be lost. If group II is
broken down into two sub-groups by Jdiscarding the 10C-110
milliliter fraction, about 250 micrograms of cadmium, 20 mi-
crograms of leud, 170 micrograms of magnesium will be lost.
Tris represents 1.9 per cent of the mercury, 1.9 per cent of
the silver, 1.8 pur cent of the lead, 15 per cent of the mag-
nesium and 23 per cent of the cadmium. The last two figures
represent uppreciable amounts, but guite sufficient amounts
of the two ions ure left in solution to meke a positive
identification.

In the group which is eluted with citric acid, no ion
appears until the citric acid breskthrough. Kraus and Moore17
stated that the citrate form of the resin acts «s a base and

absorbs the citrie acid. When the citric acid appears in the
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effluent, elution generally begins. In the cuse of some of
the ions, it m-y be delayed for 5-1C milliliters. In any
case, this affords an excellent means for checking the pro-
gress of the elution. If the pH of the effluent is tested
continuously there will be an zbrupt drop from six to ubout
ore at the acid breakithrough. At this point the affluent is

collected for analysis.



CHAPTER V

SUNMMARY

Worx by &« number of wuthors wiiich has been cited in
the literature shows thut a great many separatiocns of metal-
lic ions couléd be made by wunion exchance, utilizing various
complexin. axgents. This work was undertuaken Lo see if the
technijue could be applied to a large number of ions by sen-
arcting them into sroups suitable for further analysis. After
a careful study of the complexing ugents available, citrate
ion in the form of zamoionium citrate wo.s chnosen. kquilibrium
studies were carried out to see if changses in citrate concen-—
tration or changes in ucid concentration would be most effec-
tive. The former procedure was found to be better und was
then w«:pplied to column studies.

Sixteen ions were investigated, these being the ions
normally found in 2 general qualitative scheme with the ex-
ception of those reccuiring strong wcid to main-ain solution.
The ions were broken down into groups by using fifty milli-
liter portions of 0.1 ¥, 0.5 K and 1 M citrate sclution andgd

Il eitric acid sclution. Elution of the most difficult ions
was carried out by 13C milliliters of 0.5 N hydrochloric

acid. Four groups were obtzined. Iercury, calcium, burium

38
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2nd strontium were eluted by C.,1 i« citrate; silver, lead,
cdmium, magnesium 2nd manganese by G.% K .ond 1 I citrute;
copper, cob=zlt, nickel, zinc and @luminum by 1 Il citric acid
and finzlly iron und chromium by 0.5 I hydrochloric acid.
The ., rouns obtained could be broken down [urther by chemical
neans =nd eacn ion iden*ified. oy juldicious discarding of
certain porti.ns of the ef{luent, the smnll amounts ol over-
1n, vetveen sroups I wnd IT could be avoided. Also, discard-
ing ol ¢ portion of the effluent in roup II sives rise to
two cub-groups, each onc euwsily hundlel.,

Zlution curves for the small zmounts of muterial used
in this study were determined by aoplyin: the mout sensitive
spot teots available and c.rryin,s out . series of successive
dilutions until no further test could be obtiinrned. In this
woy, o sermli-quantititive neusure ¢f the efficiency of separ-

ution wos obtiined.
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TAELE 1

DISTRIBUTION COEFFICIENTS IN C.1 W
WITH VARYING ACID STRENGTE

CITRATE

Ton — - —— Concentraticn otf Acid o L
C.C25L C.05L CL.1k G.185M C.2M . 25 . 3N
Ba It (“,37 1 1.36
mn 2.7 2.0 1.6 LYY C.3 .0
or MY o L. .5
II:L; ]C03 C‘4 : ‘: Co:\
Za 17" 11L3 6.2 5,2
ni O oL e 17.4 5.6 L D
Cd TCL4 45 7.7 11.7¢ . 0.1
Hy: ic2 £5.6 41 1.0 2 c.h C
Co D4z 60,4 1,2 7.5 1,8 2,2
Fe * * * Ed *
Cr * *» 203 4.4 25,1 £.4
Al * * * * 24 1,0 4.1
in * * 56 13.3
Cu * * * 58.9 25.2 5.1

*Absorption apparently complete
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TARTE TI

DISTRIFUTION COEFFICIENTS IN AMMONIUN CITRATE
AND CITRIC ACID SOIUTIONS

—

Ion C,1V Citrate C.5N Citrate 1N Citrate 1M Citric Acid

He 1 .5 0.4 0,3
Sr 25 0.7 1.0 1.1
Ca 3.7 0,02 C.57 C.2h
1 . 1.6 C.a .
Ny 4.6 21 1.2 .13
hin 5.5 .5 1.2 0
od 5C.5 Cad 1.1 *
v Insoluble 2,02 2 1.4
Ag Insoluble 6.C 5 C.4
Ni 20.9 5.25 Ced C.06
Cu 1C6 Gl 4.5 24

Co 119 T “edh 0.27
Zn 117 1.2 4.5 24

Fe 49 22.6 14.2 *
Cr * * 20.9 7.7
Al #* * * *

*Absorption apparently complete
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TABLE ITT

EFFICIENCY CF SEPARATICN

Amount

. Sensi- Amount Per Cent
Ion Spot Test Used 7 ; 1 Put on " . 4
tivityr  aor i ? Hecovered3 Recovery
Al Fluorescence 0.2 418 406 G2.7
with morin
He Sodium .25 1112 1CT75 56.7
rhicdizonate
>d Ferrous &, . 26 1C84 1CGR0 q¢.6
a-diryridyl
Cn  Dirhydérorytar- .08 111C 1C46 94,2
taric osazone
Cr Benzidine .25 46% 441 94.6
Co Totassium .2 68 660 g8.8
thioccyanate-
acetone
Cu Dithicoxamide . TGl 260 aa ., q
Fe Thiocyanate .25 672 672 100
Pb Sodium .1 113C 11C4 ST.7
rhiod.zonate
Mg S ané O 1.7 47¢ $46 93.7
I'n Permingancte .1 864 780 9C
Ag  Dithizone . 25 1024 bt €4
mi Dimethylglyoxine .75 G9¢ 12 az
He: Ditnizone .05 10456 10 4G 49
Sr Sodium 3.6 884 860 S7.3
rhodizonate
Zn Induced pre- 3 1C41 960 g2

cipitation of
Co Hg(CNS)y4

4

lin micrograms 2in micrograms 3minimum minimum
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