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Summary-Theoretical titration curves are used for the selection or appropriate conditions for the 
acid-base volumetric determination of weak bases in ethylene glycol medium, The theoretical curves 
for titration of some alkaloids are deduced graphically on the basis of the logarithmic concentration 
diagram. The acid-base constants used for the construction of the theoretical titration curves were ~ determined by potentiometric titration in a cell without liquid junction, equipped with a glass and 
a silver-silver chloride electrode. It is shown that the alkaloids investigated can be determined accurately ':J 
by visual or potentiometric titration. The same approach for the selection of titration conditions seems 
to be applicable to other non-aqueous amphiprotic solvents, 1
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JCONCENTRATION AND SEPARATION OF TRACE METALS WITH AN 
1ARSONIC ACID RESIN* 
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1 
Because of their selectivity for heavy metals. chelilting by Hirsch et al. 16 The effect of varying pore diameter and 
resins have been used for the concentration and separation surface area on the properties of the final resins has been 
of trace metals in food extracts,I,2 oil-field brine, J indus­ studied. These arsonic acid resins are now proposed for 
trial waste waters.4 geological samples.s and sea-water.6-8 the concentration of trace metal ions flom hard water and 
Most of this work was performed on Dowex A-I (Chelex sea-water. 
1(0), which has an iminodiacetic acid functional group. .! 
Dowex A-I is a gel-type resin which undergoes pro­
nounced swelling and shrinking. This resin has rather slow EXPERIMENTAL 

kinetics and a comparatively high affinity for calcium and Apparatus
magnesium.6.9 

A Milton Roy Pump No. 19·60029-003 or helium pres­To meet the growing needs of ecological research in pol­
sure was used to maintain a constant flow·rate through lution control I 0 and elsewhere, new chelating resins are 
the resin column. 

continually being developed. Among those showing pro­
An RIDL AEC 320-3 single-channel analyser was used ~ mise for trace metals are dithiocarbamate,lI.12 natural 

for counting the activity of the radio tracers. at a windowpolymer,1J 8.aminoquinoline,14 polyamine-polyurea 15 and 
setting of I.J MeV.

isothiouroniums exchangers. Hirsch et al.'6 started with 
Plasma emission analyses were performed on the 

a macroporous polystyrene-DVB resin	 and prepared a 
ICP-OES system built at Ames Labor'ltories. 

resin containing the iminodiacetic acid functional group 
and another containing an arsonic acid group. Macro­
porous resins are much less susceptible to swelling and Reagents 

shrinking and appear to have faster reaction kinetics than XAD-l, ·2, and -4 macroporous resins were obtained 
gel-type chelating resins. from Rohm and Haas. The 15()-:!00 mesh resin was pre· 

A series of macroporous arsonic acid resins has now washed with acetone and concentrated hydrochloric acid. 
been prepared by a synthetic method similar to that used For all trace analyses 0.5 g of resin IV was packed in 

a column measuring 2.8 x 0.6 em. 
• A non-exclusive royalty-free license in and to copyright 54Mn, 65Zn, and 59Fe gamma-emitters with 99~,~ radio- ! 

is retained by the U.S. Government. metric purity were obtained from Ncw England Nuclear 

nfNffUll1fli'YItJlfYlff~1Ll":I'YIfl1ulor:; 
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C..,. S\lllh~lic s~a-waler was made according to Lyman
• . 1'7 

and FI~mmg.
 
All chemicals were of the highest available purity.
 

SIYlril~:;i.~ 

.Th~ synthesis used was adapted from methods used by 
Hirsch.,n The resin was nitrated with a 60/40 v/v mixture 
..,f sulphuric and nitric acids at 65-70° after addition at 
o. It was reduced to the amine with mossy tin in cone. 
h\drochloric acid at 7~75°. The reduction product was 
sl~rried with 1M sodium hydroxide to remove tin salts, 
chilled to 0° in conc. hydrochloric acid, and diazotized 
bv slow addition of 1M sodium nitrite. The resin was 
,;"shed with sodium c.ubonate solution and coupled with 
sodium arsenite in aqueous soln at 70-75°. All reactions 
other than diazotization were allowed to proceed for half 

"	 day.
Infrared spectra of the phenylarsonic acid resins I, II 

and IV and the monomeric acid were taken on a Beckman 
IR 7. 

The ~.9 11m arsonic acid D-H stretch was visible for each 
..,f the three resins and matching bands in the region of 
1I.00iJO ttm were found in the resins and the monomer 
that can be ascribed to the arsonic acid group. 

RecoL'ery 

The recovery of trace metal ions was determined as a 
function of the effluent pH. One litre of distilled deminera­
lized water containing 0.5 ppm of the metal ion was buf­
fered to the appropriate pH and passed through the resin 
at a flow-rate of 7 ml/min. After collection and washing, 
the adsorbed metals were stripped from the column with 
25 ml of 4.0M perchloric acid and determined by plasma 
emission. atomic absorption or colorimetrically with 
Arsenazo I. 

Complexillg agenrs 

To 250 011 of distilled demineralized water containing 
10 ppM (parts per milliard) of metal ion (including radio­
tracer) and 10 ppm of complexant. 5 or 6 drops of ortho­
phosphoric acid were added. The phosphoric acid was 
added as a buffer and was necessary for 100% recovery 
of iron(III). The pH was adjusted to 5.0 and the solution 
was passed through the column at 7 ml/min. The metals 
were then stripped from the column with 25 011 of 4M 
perchloric and the activity of an aliquot of the effluent 
was measured. ' 

Recovery of trace metals 

One litre of distilled demineralized water, tap-water, or 
synthetic sea-water at pH 5 and containing 0.5 ppm of 
heavy metals was passed through the resin at 7 ml/min, 
followed by 100 mJ of metal-free pH-5.0 solution, and the 
metals were eluted with 25 ml of 4M perchloric acid and 
determined by plasma emission or atomic absorption. 

For trace metals at sub-ppM level, the procedure was 
Similar, but with 5 ml of 2 ttCi/ml tracer solution replacing 
Ihe 0.5 ppm of heavy. metals. Detection was by gamma 
cmlssion. 

In thc analysis of the tap-water, no metal ions were 
added. 

Table I. Properties of the XAD-arsonic acid resins 

Surface Pore 
area, diam., As/benzene H/benzene 
m1/g A ring ring C,% H,% N,% Kinetics 

AsO JH2-XAD I 100 205 2.4 5.2 52.8 5.2~ 3.3 Slow 
AsOJH 2-XAD II 300 90 0.3 0.8 58.1 5.4 5.0 Rapid ..AsOJH2-XAD IV 784 50 0.75 1.8 51.3 5.2 3.2 Rapid 

-- .. 

Separatioll of urallium( V1) from oriler heavy metals 

A I-litre sample containing 0.5 ppm of uranium(VI) and
 
other heavy metals and 0.01 M in EDTA was hutfcr.:d to
 
pH 5.0 with orthophosphoric acid and ;Immoni" and
 
passed through the resin column at 7 mi/mlll. The column
 
was then washed with 100 ml of O.OIM EDTA at pH 5.0
 
and 100 ml of pH-5 wash-solution (both solutions buffered
 
with phosphoric acid and ammonia). The column was then
 
stripped with 25 ml of 4M perchloric acid. The uranium
 
was determined colorimetrically and the other heavy
 
metals were determined by plasma emission.
 

Separatioll of thorium(l V) from otiler I,eavy metals 

A litre sample containing 0.5 ppm of thorium(1 V) and
 
other heavy metals and 0.1 M in perchloric acid was passed
 
through the resin at 7 ml/min. The resin column was
 
washed with 100 ml of O.lM perchloric acid and the thor­

ium was then stripped from the column with 25 ml of C,lIlC
 

perchloric acid and determined by plasma emission.
 
'.' 

Barch abstraction of trace merals 

Resin IV, 0.5 g, was added to 250 ml of pH·5.0 solution
 
containing 2.0 ppm of the heavy metals. The solutions were
 
stirred for 2. 6. or 24 hr before collection of the resin. Th~
 

adsorbed metals were washed from the resin with ~5 ml
 
of 4M perchloric acid.
 

RESULTS AND DISCUSSION 

Arsonic acid resins were prepared from XAD-I, -2, and 
-4, which are macroporous polystyrene-DVB resins of 
varying pore size and surface area. The arsonic acid resins 
are designated I. II and IV, corresponding to the numbers 
of the XAD-resin starting material. The physical properties 
of the three resins are summarized in Table L Each of 
the three resins contains a nitrogen-containing group as .. 
an impurity although less than reported by Hirsch. I • 
The resin IV synthesis was repeated and the yield in each 
step was estimated by analysis for the appropriate func­ : 
tional group. Nitration gave approximately 12 nitro 
groups per benzene ring. Reduction to the amine gave 
approximately 0.8 amine group per benzene ring. 67% './4
yield. Conversion into the arsonic acid then gave approxi· 

.";
mately 0.6 arsonic acid gr.oup per benzene ring for an over· ..•. 
all yield of about 50%. 

The ratios of arsonic acid group per benzene ring and 
acidic hydrogen atoms per benzene ring were calculated 
from the arsenic and hydrogen analyses, the average mol­
ecular weight per resin unit being based on the calculated ." 
arsonic acid content and the remainder assumed to be 50~~ 

styrene and 50% DVB. The acidic hydrogen content is 
more than the 2: I ratio of H:As expected for an arsonic 
acid group and probably represents tit ratable protonated 
amine. Although the exact values may be somewhat in 
question the trend seems clear; conversion into the arsonic I;, 

acid is highest in resin I and lowest in resin 11. The large 
pores in XAD-I appear to lead to high reactivity. In 
XAD-4 the very high surface area is able to compensate 
for the smaller pores and good conversion into the arsonic 
acid was obtained. '0. 
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$ 
p.H 1.0 was 102.5~;'; (from spectrophotometric determ!na- ! 
tlon), With less than I% of any of the other metal Ions ~ 

being retained. A successful separati.:m of uranium(VI) '~ 

from other metal ions was accomplished by adding EDTA S 
to complex the foreign metal ions. Spectrophotometric ~ 
analysis showed 98.3% recovery of uranium(VI) at pH 5.0 ... 
in O.OIM EDTA medium. Chromium(lII) was the only in- -i 
terference (J I% recovery). 1i 

Eight trace metals werc added to J;:mineralized water, 
tap-water and synthetic sea-watcr, the pH was adjusted ',ii 
to 5.0 and I-litre samples were passed though a resin IV'" 
column. The sorbed metal ions were then eluted"-with 25 ml .,;. 
of 4M perchloric acid and the metal ions determined by _ 
plasma emission or atomic-absorption spectroscopy. The Z 
rcsults, shown in Table 2, indicate excellent recovery except ~ 

for chromium(III), which has a very slow reaction wte with 
ligands. With use of radiotracers. I;,e experiment was ." 
repeated for three metal ions at the ppb (parts in 1012) I:! 
level. As shown in Table 3, the recovery is still quantitative ~ 

within experimental error, even in the presence of a large ;#. 

Table 2. Recovery of trace metals in aqueous media with ''"i­
resin IV 
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Fig. I. Effcct of pH 

• Parts per billion (1012
). 

Table 3. Recovery of metals at ultra trace level in aqueous media with resin IV 

Metal 

FeJ+ 
Mn 2 • 

Znz• 

Column experiments with various metal cations indi­
cated that the kinetics of resins II and IV are excellent 
and those of resin I somewhat slow. Because of this and 
the higher capacity of resin IV (compared to resin II), resin 
IV was chosen for all subsequent experiments. This resin 
has little swelling tendency and is stable even in the con­
centrated acid and base solutions used to wash the resin 
and to strip some metal ions from the resin. 

Small columns packed with resin IV were equilibrated 
with buffered aqueous solutions. Then solutions of various 
metal ions buffered to the same pH were passed through 
the column and the amount of metal ion retained by the 
column was determined. The degree of retention as a func­
tion of pH is plotted for various metal ions in Fig. 1-3. 
The selectivity order for metal ions. based on the assump­
tion that the more stable complexes are retained at lower 
pH, is as follows: Th4 

• > UO~· > REJ+ > Cu1+ > Pb1+ 
> AIJ+, FeJ+ > Zn1+ > NilO, Co1+ > CdlO, MnlO > 

Mg 2 • (RE = rare earths). This is in agreement with the 
order reported by Hirsch 16 of CulO > ZnlO > NilO > 
COlO> MnlO > Ca1+ > MglO. 

Separation of thorium(IV) from all other metal ions 
studied was possible because of the affinity of resin IV 
for thorium at low pH values. Recovery of thorium at 

Fig. 2. Effect of pH on recovery of Th(lV~ U(VI) and 
Fe(III). 
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Table .J. Recowry of tracc mctals in ISU tap-watcr with 
resin IV. pplH* 

Ni Zn .. Fe Pb Mn Cu 

;-;0. I -11.2 66.2 J23.7 11.2 91.3 900 

S6.2 -10.0 68.8 123.7 11.2 56.3 1160 
~o. '; 36.2 65.0 127.5 16.2 105.0 1160 

• Parts per mil1iard (109 
). 

e~cess of sodium, magnesium and calcium salts. Triplicate 
;lnalyses of tap-water were also carried out (Table 4). 

The effect of complexing agents on the recovery of 
nnct 11). manganese(lI) and iron(III) at 10 ppm concen­
trations was studied by adding a thousandfold wjw ratio 
"r various complexing reagents. The added reagents in­
duded acetate. anthranilate, chloride, citrate, glycine, phos­
phate. salicylate, succinate, urea and EDTA. The recovery 
uf manganese and zinc was unaffected by any of the com­
ple,anls e:<cept EDTA. The recovery of iron was low in 
the presence of substances that form complexes having a 
stability constant greater than 10·, 

Comparative studies showed resin IV to be more effec­
tive for retention of trace metal ions when used in a 
column than for batch collection. For example, by the 
balch method recoveries were only about 90% for cop­
perl II) and lead. 70~.~ for iron(II1), 40~{, for nickel, and 
15~~ for cadmium. 

Some calcium and magnesium is retained by the arsonic 
acid resin column at pH 5.0. If desired, about 95% of the 
calcium and magnesium retained by the column can be 
removed by elution with pH 4.0 buffer before the trace 
metal ions are stripped with 4-12,"'1 perchloric acid. 

.·tcklloll'lt't/yem"'J!s-The authors wish to thank Walt Suth­
crland for the plasma·emission analyses and Gary Austin 
and John Richard for elemental analyses of the resins, and 

are I!ratcful to the ROhm and Haas Co. for a !!ifl of the 
XA 15.1. -2, and -4 resins used in this work. • 
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Summary-Macroporous arsonic acid resins with different pore sizes and surface areas were prepared 
and the properties compared. One of the resins was used for concentration of trace metal ions from 
dimineralized water, tap-water. and sea-water. The effect of pH and complexing agents on the recovery 
of metal ions was studied. A method for separation of uranium(VI) and thorium(IV) from each other ::tt 

and from other metal ions was developed. 
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lThe ion-exchange behaviour of inorganic ions in citric 
and formicz acid media has been reported. Anion-exchange 
in tartaric acid media has been studied by Pitstick el al. J 

and ~Iorie 1'1 a/:' s who describe the separation or some 
transition metals. Cation-exchange studies6-9 have resulted 

• This work was supported in part by C.N.R. of Italy 

I \I	 ~ ~:< ( 

...... ...'in the resolution of a limited number of metal ions. Qur­
eshi el (11. 10 have separated Fe(III) and other metal ions 
in formic, o~alic. tartaric and citric acid media, but the 
only comprehensive investigation was made by Rouchaud 
1.'1 a/. ll They e:<amined both cation- and anion-exchange '.:. 
and determined distribution coefficients for several ions in ':' 

tartaric acid media containing nitric acid. .. 
·;~ 




