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The dynamic sorption of Cr3 + on two strongly acidic cation exchangers, t'iz. the microreticular 
Ionenaustauscher I and the macroreticular Amberlyst 15, is studied by measuring the breakthrough 
curves for the hexaquochromium(III) ions, products of their partial hydrolysis, and mixtures 
of Cr3 + with Co2 +, Cu2 +, and Ni2 + ions, hence, ions interfering with the spectrophotometric 
determination of chromium. Analysis of the breakthrough curves made it possible to find the 
experimental conditions for the quantitative separation of Cr(VI) from Cr3 + and for the separa­
tion of chromium from the interfering cations. A procedure for the determination of Cr(VI), 
Cr3 + and total chromium in the presence of the interfering ions is based on the oxidation of 
Cr3 + with hydrogen peroxide, reduction of Cr(VI) with hydroxylammonium chloride, separation 
of Cr(VI) on a strongly acidic cation exchanger, and spectrophotometric determination of Cr3 + 

with DCTA. 

The properties of chromium-containing materials are greatly affected by the trivalent­
to-hexavalent chromium ratio; for instance, this ratio has a considerable effect on the 
sorption properties of whetlerites, industrial sorbents based on activated carbon 1.2. 

The problem of determination of Cr(VI) in the presence of Cr3 + is also of importance 
in clinical analysis and environmental monitoring in view of the different toxicity of 
the two valency states of chromium, particularly with regard to the recently recognized 
carcinogenesis of Cr(VI) compounds3 . 

The majority of methods for the determination of Cr(VI) and Cr3 + in their mixtures 
comprise the determination of total chromium after its reduction or oxidation in 
an aliquot of sample in combination with the determination of Cr(VI) or Cr3 + in 
another aliquot, which is often associated with the separation of the two oxidation 
states of chromium4 . 

Cr(VI) can be separated from Cr3+ and other cations on ion exchangers, parti­
cularly strongly basic anion exchangers5 ,6. Naranjit and coworkers, however, found? 
that Cr(VI) does not elute quantitatively from the anion exchanger, nor does Cr3+ 
elute quantitatively from a cation exchanger, and so the authors suggest that both 

Collection Czechoslovak Chern. Commun. [Vol. 50] [1985] 



Dynamic Sorption of Cr3 + on Strongly Acidic Cation Exchangers 2841 

a cation and an anion exchangers should be used to obtain quantitative data by deter­
mining Cr(VI) and Cr3+ in the effluents. 

It is convenient to make use of separation on strongly acidic cation exchangers 
for the quantitative determination of Cr(VI) in the presence of Cr3 + and other inter­
fering cations. The sorption of Cr3 +, however, is affected by the sorbate composition, 
which varies with pH and time, as was found by Osaki and coworkers8 during their 
investigation of the gel chromatographic behaviour of chromate and hydrolyzed 
chromium(III) ions. 

In this work the breakthrough curves were measured for establishing the optimum 
conditions for the dynamic sorption of Cr3 + ions from aqueous solutions, both alone 
and in mixtures with other cations; two different strongly acidic cation exchangers 
were employed under different experimental conditions for this purpose, viz., lonen­
austauscher I and Amberlyst 15. Since cations giving coloured solutions and cations 
forming coloured complexes with 1,2-diamino-cis-cyclohexane-N,N,N',N'-tetra­
acetic acid (DCT A), particularly Cu2+, Ni2+, and Co2+ ions, interfere9 ,lo with the 
spectrophotometric determination of Cr3 + ions with this reagent, recommended for 
the analysis of Cr(VI) and Cr3 + in whetlerites2 , the dynamic sorption of Cr3 + 

on strongly acidic cation exchangers was also examined in the presence of C02 +, Cu2 +, 

and Ni2+ ions with a view to working out a procedure in which the interfering effect 
of these cations would be eliminated. 

EXPERIMENTAL 

Apparatus and Chemicals 

The spectrophotometric measurements were performed on a Spekol spectral colorimeter (Carl 
Zeiss, Jena), the pH was measured on an OP 264/1 digital pH-meter (Radelkis, Budapest) with 
a combined glass indicator and silver chloride reference electrode. 

Cr(VI) was separated from cations and the breakthrough curves were measured with a column 
10 mm i.d., linked in a closed system with the containers for the solutions measured, eluting agents. 
and solvent. The flow rate was controlled by adjusting the vertical position of the containers and 
the nitrogen pressure at the container closures. In this manner the whole system was separated 
from its environment and the solutions could be displaced rapidly from the column. The column 
was packed with the microreticular Ionenaustauscher I cation exchanger (Merck, Darmstadt). 
dp = 0,4-0'6 mm, or with the macroreticular Amberlyst 15 cation exchanger (Fluka, Buchs). 
dp =c 0'3- 1'2 mm, both in the H+ -cycle. The two catexes were purified with 7M-HCI, 1·5M-NaOH. 
and alkaline solution of EDTA (pH ~ 9) by heating on a water bath. The total mass exchange 
capacity, Qg' was determined by passing a volume of O'IM-NaOH through the catex column in 
the H + -cycle. A weighed amount of the pure catex, dried in air, was allowed to swell in deionized 
water for 24 h before packing the column. The Qg value per gramme of dry catex, determined 
from the sodium hydroxide concentration decrease found by titration with a'IM-HCI, was 
5'31mmol g-1 for Ionenaustauscher I and 5'01 mmol g-1 for Amberlyst 15. The water content 
of the cat exes was determined by drying to constant weight at 105°C. 
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The 10- 2M-K2Cr207 stock solution was prepared from the recrystallized substance dried at 
105°C. The stock solution of Cr3 + ions was prepared from Cr(N03h . 9 H20. Chromium was 
determined chelatometrically by titration of excess EDT A with thorium (IV) nitrate using xylenol 
orange as the indicatorll • Solution of 0'IM-Cu{N03h was prepared from the trihydrate and 
standardized potentiometrically with EDT A using a Crytur Cu 29-17 ion selective electrode. 
Solutions ofNi2+ and C02+ ions were prepared from Ni(N03h. 6 H20 and Co(N03h. 6 H20, 
respectively, and their titre was determined chelatometrically using murexide as the indicator 1 1. 

All the chemicals used were of reagent grade purity and solutions were made up from redistilled 
water. 

Spectrophotometric Determination of Chromium 

The procedure for the determination of chromium(III) ions with DCT A and for the simultaneous 
determination of Cr3 + and Cu2 + ions has been describedz. Cr(VI) was reduced for the deter­
mination by means of 0'2M-NHzOH . HCI at pH ~ 4·5. In cases where the sensitivity of the 
determination of chromium with DCT A was insufficient, Cr3 + ions were determined spectro­
photometrically based on their reaction with xylenol OI'ange 12. 

Separation of Cr(VI) from Cr3 + and Interfering Ions 

The procedure for the separation of Cr(VI) from Cr3 + on a strongly acidic cation exchangerZ was 
employed for removing the coloured interfering ions (Cuz + , Ni2 + , Co2 +). For the determination 
of chromium in the presence of the interferents, Cr3 + was oxidized with 5% solution of hydrogen 
peroxide in 0·5M-NaOH. 

Solution containing the ions to be separated, adjusted to pH < 3'0, was passed at a flow rate 
of 1-2 ml min -1 through the cation exchanger column in the H + -cycle (column height 50 to 
100 mm). Solution of Cr(VI) was collected for its spectrophotometric determination. The column 
was recovered by washing it with 4M-HCI and 1·5M-NaOH. The cations retained could be deter­
mined in the eluate. 

Breakthrough Curve Measurements 

A cation exchanger column 50 mm long was used. A weighed portion of pure dry cation exchanger 
was allowed to swell in deionized water for 24 h before its placing in the column. The cation 
exchanger in the column was converted to the H+ -cyele with 2M-HCl and then washed with water 
until no acidic reaction was observed. The stock solutions of Cr(VI), Cr3 + and other cations were 
prepared 24 h before the measurement. The pH of the working solutions was adjusted with HCl 
and NaOH and recorded before and after the breakthrough measurement. The flow rate was 
constant at 1'0 mI min -1. The ions followed as well as the pH were determined in 20 ml effluent 
fractions. The cations retained were eluted successively with 100 ml of 7M-HCI and 20 ml of 
1'5M-NaOH and determined in the eluates collected. 

The free column volume was determined, for both cation exchangers, based on the break­
through of dichromate ions which do not sorb on the cation exchangers in the conditions used. 
The average values, calculated from the changes in the Cr concentration and also from the amount 
of dichromate ions retained by the column and displaced by water, were 2'07 ml for Ionenaus­
tauscher I and 2'36 ml for Amberlyst 15. 
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RESULTS AND DISCUSSION 

Sorption of Cr3+ and Cu2+ lOlls on Cation Exchangers in Dynamic Conditions 

Data were obtained of the capacity of the two cation exchangers to 5% breakthrough 
of a cation (M) from the column, QM(0.05)' and of the total capacity, QM, expressed 
in terms of the retained amounts of the cation in question, in mmol, per g of dry 
cation exchanger. The exchange parameters were compared with the total mass 
exchange capacity (Qg), which is slightly higher for the microreticular Ionenaus­
tauscher I than for the macroreticular Amberlyst 15. 

TABLE I 

Dependence of the total amounts of Cr3 + and Cu2 + ions retained by Ionenaustauscher I and 
Amberiyst 15 cation exchangers on pH. Column height 50 mm, initial concentrations of Cr3 + 
and Cu2 + ions 10 mmoll- 1 

lI'M,mgg- 1 

Ion pH breakthrough elution Recovery 
determined % curve analytically with 

(corrected) HCl+ NaOH 
----_._-

Ionenaustauscher I 

Cr3 + 1'22 88'5 88'4 85'7 96'9 
1·78 89·4 89'4 86'6 96'9 
2'40 91-8 91'7 89'3 97-4 
2'90 97'3 97'5 94·5 96'9 
3'28 100·4 100'4 97·5 97'1 
3'56 106'8 106'9 101'1 94'6 
3'79 125'9 126'3 117-8 93-3 

Cu2 + 4·70 162'0 161'9 165'4 102-2 

Amberlyst 15 

Cr3 " 1'29 78·1 77-1 75'2 97·5 
1-67 79'0 79'0 76·4 96-7 
2'22 81'3 81-3 80'1 98·5 
2·70 83'0 83'0 80·2 96'6 
3'06 84·7 84'8 82'6 97-4 
3'41 92'6 92'6 89'3 96-4 
3'87 104-9 105'0 101'4 96'6 

Cu2 + 2'51 150'2 150'2 152'6 101-6 
4'68 154'0 154·2 154'9 100-5 
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The QM values were calculated from the area above the breakthrough curves; 
the concentrations determined by analysis in the individual volume fractions (A V;) 
collected during the breakthrough curve measurements were related to the total 
passed volume V corresponding to the centre of the interval A V;. Alternatively, the 
QM values were calculated from the difference between the analytically determined 
amount of the cation in the total volume of the influent and the sum of the amounts 
of the cations in the individual fractions AVi • The amount of the cations sorbed was 
also determined in the eluate after the elution with 7M-HCl and 1·5M-NaOH. In both 
procedures of QM determination, corrections were made for the free column volume. 

The total amounts of retained Cr3 + and Cu2 +, for various pH, are given in Table 1. 
The QCr and Qcu values determined from the area above the breakthrough curve, 
after the corrections indicated, agree well with those determined analytically. The 
amounts of Cr3 + ions eluted from the two cation exchangers with HCl and NaOH are 
invariably lower than those determined from the breakthrough curves, in agreement 
with the observations of Naranjit and coworkers 7 • The average recovery of Cr3 + was 
97·0 ± 0'2% for Ionenaustauscher I at pH 1,22-3,28 and 97·1 ± 0'8% for Amberlyst 
15 at pH 1·29 - 3·87. For Cu2 + ions, the amount determined analytically was slightly 
higher than Qcu determined from the breakthrough curves. 

10 

Cleo 

0·5 

0~~10~0~~--~~--L-~s100~ 
II,ml 

FIG. 1 

Breakthrough curves for Cr3 + on Ionenaus­
tauscher I cation exchanger. co(Cr) = 
= 10 mmoll- 1 , 1·16 g of dry exchanger; 
pH: 1 1'22, 2 1'78, 3 2'40, 4 2'90, 5 3'28, 
6 3'56, 7 3'79 

25 

15 

05 

pH 
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FIG. 2 

Effect of pH on the a mounts of Cr3 + 

retained to the breakthrough at clco = 0'05 
(curves 1) and the total retained amounts of 
Cr3 + (curves 2) on Ionenaustauscher I (0) 
and Amberlyst 15 (e) cation exchangers; 
co(Cf) = 10 mmol I-I, cation exchanger 
column height 50 mm 
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Fig. 1 shows the breakthrough curves for Cr3+ ions (10 mmoll- 1) on Ionenaus­
tall scher I. The shape of the curves alters if the pH of the influent is changed, and the 
volume of the solution passed at which the breakthrough of chromium occurs is also 
affected. The changes with varying pH are similar for Amberlyst 15. The breakthrough 
curves of equally concentrated solutions of Cuz + ions do not change in shape or 
position with varying pH over the pH 2·5-4·7 range. 

The dependence of QCr and QCr(O .05) on the pH of the influent are shown in Fig. 2. 
The rapid drop of the QCr(0.05) value is associated with changes in the solution com­
position, the chromium(III) salt undergoing hydrolysis at pH > 3. 

As the pH is increased, hexaquochromium(III) ions, which exist in chromium(III) 
salt solutions at pH < 3, become deprotonated. Mononuclear Cr3 + hydroxocomplexes 
should be formed according to the scheme 

OH- OH-
( '[Cr(HzO)sOH]z + 

K, 
• • [Cr(H2 0)4(OH)z]+ 

K2 

OH-
( .. [Cr(OH)n](3-n). 

Kn 
(A) 

Actually, however, the deprotonation of hexaquochromium(III) ions proceeds in the 
first step only13 (Scheme (A». As additional OH- ions are added, a precipitate of the 
slightly soluble so-called "active" chromium(III) hydroxide with zero charge appears: 

(B) 

This process occurs rapidly and is associated with the formation of hydrogen bonds 
always between a coordinated water molecule and an OH- group (formula I). Each 
chromium ion is linked in this manner with six other chromium ions, so that the 
crystal structure of the active hydroxide can be written as II (ref. 13). On ageing, 
however, active chromium(III) hydroxide transforms into the amorphous, virtually 
in<;oluble "latent" species in which the chromium atoms are linked via Jl-hydroxo 
bridges (formula III), 

I II III 

and these OH groups cannot be neutralized with acid, in contrast to those in the active 
hydroxide which dissolves immediately in acid solutions, giving again the hexaquo­
chromium(III) ion. 
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In addition to mononuclear Cr3 + complexes, polynuclear complexes are also formed 
in chromium(III) salt solutions, largely by the pathway 

(C) 

Dimers13•14, trimerslS and tetramers16 have been positively identified. Such poly­
nuclear complexes can also give rise to the uncharged "active" chromium hydroxides 
in which coordinated water molecules are hydrogen-bonded to OH groups, as has 
been found for the binuclear complex 13 for which structure IV has been suggested. 

IV 

The breakthrough curves in Fig. 1 give evidence of the formation of species free 
of positive charge in solutions whose pH established 24 h after the addition of NaOH 
was higher than 3. The pH decrease during the standing of these solutions indicates 
that uncharged chromium(III) hydroxide is formed by pathway (B) (Scheme (B)). 
The highest pH at which the breakthrough curves of Cr3+ ions were measured, 
pH ::::: 3·8, established within 24 h in solutions whose initial pH was about 4·6. 
A slight turbidity was observed if this pH was surpassed. Part of chromium passes 
the strongly acidic cation exchanger column after delivering the first volume fractions 
of the influent (curves for pH 3·56 and 3·79 in Fig. 1). It can be assumed that a fraction 
of the uncharged chromium(III) hydroxide is not protonated according to pathway (B) 
during its passage through the column. Possibly, the active hydroxide II, whose 
protonation proceeds rapidlyl3 giving rise to cations, has partly transformed into 
the latent chromium(III) hydroxide lII. Polynuclear complexes, the formation of 
which from the aquochromium ions (Scheme (C)) is associated with the liberation 
of hydrogen ions and which also can give rise to uncharged hydroxides similar to IV, 
may also be present. 

The shift of the steep branches of the breakthrough curves measured at pH > 3 
to larger volumes (Fig. 1), associated with an increase in the total capacity of the 
cation exchang~rs for Cr3 + ions in this pH range, is due to the fact that in addition to 
the hexaquochromium(III) ions, their hydrolysis products are also present in the 
influent. The total amount of hydrogen ions (11H) released by the sorbed Cr3 + ions also 
decreases with increasing pH of the influent. The 11H values were calculated from the 
concentrations of H+ ions found by pH determination in the individual volume 
fractions LiV; during the breakthrough curve measurements. The 11H!Qcr ratio ap­
proaches 3 at pH < 3 (although it decreases slightly with increasing pH), and this 
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corresponds to the exchange of a [Cr(H20)6r+ cation for three hydrogen ions 
(Fig. 3). At pH > 3 this ratio drops appreciably, the shape of this dependence being 
identical for the two cation exchangers within the limits of experimental error. 
Hence, the Cr3 + ion exchange mechanism is not different for the two catexes and it 
reflects the varying conditions for the dynamic sorption of Cr3+ on the strongly 
acidic cation exchangers. 

For assessing the effect of hydrolysis, the sorption of Cr3 + was also investigated 
based on the analysis of the individual volume fractions collected (Ll V). Two pH values 
of the influent, viz. pH 2·40 at which only hexaquochromium(III) ipns are present, 
and pH 3·79 at which hydrolysis starts to take place, were used for Ionenaustauscher I. 
D;:note 17Cr,i the amount of Cr3+ sorbed from the i-th volume fraction Lll'! and 17H,i the 
displaced amount of H+ (determined from the pH of the i-th volume fraction), both 
in mmol per g of dry cation exchanger. Their sums over all i's denote 17Cr,tot (the 
amount of chromium(III) ions retained by the cation exchanger from the volume 
passed, V), and 17H,IOI (the amount of hydrogen ions that left the column in this 
volume), resp. Fig. 4, which shows the dependences of 17Cr,tot and 17H,tot on the total 
amount of Cr3+ (ncr) in the influent volume V, demonstrates the differences in the 
exchage process for the different pH values. At pH 2'40, the curves both for I1Cr,lot 

and 17H,tot show a break at the same nCr:::::: Qg/3 and then the two quantities remain con­
stant, whereas at pH 3·79 this holds for 17H,tol while in the dependence for 17Cr,lol this 
break does not appear any more. At pH 2·40 the 17H,tot/17cr,tot ratio is 3 during the 
entire breakthrough curve measurement, hence, only the exchange of a hexaquo­
chromium(III) ion for three H+ ions takes place. This is also borne out by the 
dependences plotted in Fig. 5, where 17~er'.,ot denotes the number of Cr3 + equivalents 
(1/3 mmol Cr) occupying the surface of 1 g of cation exchanger after collecting the 
i-th volume fraction, relative to Qg. At pH 2·4 the 17Cr,i and '1H,i curves display plateaus 
and both end at I1~er~'ot = I. Also, the 171l.JI1Cr,i ratio remains constant over the 17~~:tot 
region from 0 to I and corresponds to the [Cr(H20)6]3+ : H + = 1 : 3 ratio (Fig. 6). 
At pH 3'79, the ratio of the slopes in the dependences for I1H,tot and 17Cr,tot in Fig. 4 
is about 2·7 and it remains constant up to 17~~~tot :::::: 0·85 (Fig. 6). The H+ ion exchange 
is practically finished at I1~e/ tot:::::: 1, similarly as at pH 2'40; the sorption of Cr3+, 
however, continues to proceed (Fig. 5). The total amount of H+ ions displaced at 
pH 3·79 is nearly one-fifth lower than at pH 2·40. Hence, the hydrogen ions released 
by ion exchange are taken up for side processes during the sorption of Cr3+ in the 
region of partial hydrolysis. One of these processes can be the protonation of the 
[Cr(H20)sOH]2+ complex; the lowering in the 17H,d17cr,i ratio from 3 at pH 2·40 to 
about 2·7 at pH 3·79 roughly corresponds to the amount of H+ ions required for 
the complete protonation of [Cr(H2 0)sOH]2+ in the first step of pathway (A) if 
the value of pKl = 4·15 at 20°C (refY) is considered. Processes of dissolution of 
the uncharged active Cr{IlI) hydroxides, both mononuclear and polynuclear, can 
also take part; H+ ions are taken up in these processes as well as in the process of 
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FIG. 3 

Effect of pH on the 7JH/QCr ratio for lonen­
austauscher I and Amberlyst 15. Conditions 
and labelling as in Fig. 2 

'lC'jij'l"i 
mmol.g-' 

FIG. 5 

Changes in the amounts of sorbed Cr3 + and 
released H + ions in dependence on the 
degree of occupation of the active groups of 
Ionenaustauscher I cation exchanger by 
trivalent Cr cations. Curves for pH 2'40 
(e I1Cr,j' e 7JH,j) and pH 3'79 (0 7Jcr,j' 

<J 7JH ,j) 

Panel : 

2 

FIG. 4 

Course of sorption of Cr3 + (curves 1) and 
desorption of H + ions (curves 2) in depen­
dence on the amount of Cr3 + passed through 
the 50 mm column of Ionenaustauscher I 
at pH 2'40 (e) and pH 3·79 (0); co(Cr) = 
= JO mmoll- 1 

• • 3 -.- - -

-

o 0·5 1·5 

FIG. 6 

Changes in the amount-of-substance ratio 
of retained Cr3 + and released H + ions in 
dependence on the degree of occupation of 
the active groups of Ionenaustauscher I cation 
exchanger by trivalent Cr cations. Curves 
for pH 2'40 (e) and 3·79 (0) 
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decomposition of the polynuclear complexes carrying positive charges. The additional 
sorption of chromium above '1~er~tot = 1 probably involves association of additional 
cations (and possibly also uncharged species) of trivalent chromium via hydrogen 
bridges. 

The nature ofthe ion exchange of CuH for H+ on the two cation exchangers does 
not change within the pH 2,5-4,7 range, and it is similar to the Cr3+ ion exchange 
mechanism as observed at pH < 3 except that one copper ion is exchanged for two 
hydrogen ions over the entire pH region. 

TABLE II 

Elimination of the interfering effect of Cu2 + , Ni2 + , and Co2 + ions on the spectrophotometric 
determinaticn of Cr3 + by separation on Ionenaustauscher I cation exchanger 

Cr3 + added Cr:M Cr3 + founda, mg 
Separation mg ratio 

M = Cu2 + M = NiH M = C02 + 

52'6 1 : 5 65'1 58'7 59'0 
<+2H) <+11-6) <+12'2) 

52'6 I: 5 + 52'3 52'0 52·1 
( -0'6) ( -1'1) (-1'0) 

21'0 1 : 25 + 21'0 20·5 21'3 
(0'0) (-1'4) (+ 1-4) 

a Relative error of determination, in %, is given in parentheses. The chromium content was 
determined with DCT A. 

FIG. 7 

Effect of concentration of NaCI on the break­
through of Cr3+ at clco = 0'05 (curves 1) 
and on the total retained amount of Cr3 + 
(curves 2) for Ionenaustauscher I (0) and 
Amberlyst 15 (e). Conditions as in Fig. 2, 
pH 2·4 
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The effect of the concentration of NaCI on the sorption of Cr3 + within the region 
of occurrence of hexaquochromium(III) ions alone (pH ~ 2'4) was also examined. 
The total amount of Cr3 + ions sorbed and their breakthrough at clco = 0·05 were 
established by measuring the breakthrough curves at different NaCI concentrations 
in the influent (Fig. 7). The QCr and QCr(o.OS) values for the two cation exchangers 
decrease with increasing concentration of NaCI, the values for Ionenaustauscher I 
being invariably higher than those for Amberlyst 15; for instance, at CNaCI = 1·0 mol . 
. 1- 1, 1 g of the former cation exchanger retains approximately two times as much 
Cr3 + as 1 g of the latter. 

TABLE III 

Testing the analytical procedure for the determination of Cr(VI). Cr3 + and total chromium in the 
presence of interfering cations. Added: 2'644 mg Cr(VI) and 2'667 mg Cr3 +; CMl + ~ cCr3 + 

(M2 + = Co2 +. Cu2 +. Ni2 +) 

Relative 
Species Cr found standard Relative Student's 

determined deviation error t-valueu mg 

% % 

Cr(VI) 2'632 0'65 -0'45 1'729 

Cr3 + 2'673 1·20. +0'22 0'459 

Cr total 5'305 0·64 -0'11 0'432 

a Critical value te = 2·571 for ~'= 5 and oc = 0'05. 

1·5 

clco 

0'5 

o 400 

FIG. 8 

Comparison of the breakthrough curves of 
a mixture of Cr3 + and Cu2 + with those of 
the individual components on Amberlyst 
15 (column height 50 mm). Curves: 1 Cr3 +, 
pH 2·22; 2 Cu2+, pH 2'51; 3 Cr3+ in 
mixture with Cu2 +. pH 1'94; 4 Cu2 + in 
mixture with Cr3 +, pH 1'94. Concentration 
of cations invariably 10 mmoll- 1 
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Elimination of the Interfering Effect of Coloured Cations 

For eliminating the interfering effect of Co2+, Cu2+, and Ni2+ ions on the deter­
mination of Cr3+, a procedure was worked out in which the Cr3+ ions are oxidized 
with hydrogen peroxide in alkaline solution, the solution is acidified, and chromium 
transformed into dichromate is separated on the catex. The results of determination 
of Cr 3 + in the presence of Cu2 +, Ni 2 +, and Coz + ions are given in Table II. In case 
that the c:ltions are not separated from Cr3+, the determined amount of Cr3+ is 
affected appreciably if the interferents (particularly Cu 2 +) are present in a five-fold 
excess. Owing to the separation on a catex, the interferences could be eliminated even 
at the level of a 25-fold excess of the associate ions. 

The possibility of determination of Cr(VI) in the presence of Cr3+ and Cu2+, 
Ni2+, and Co2+ ions was also examined by the breakthrough curve measurements. 
In Fig. 8, the breakthrough curves of an equimolar mixture of Cr3+ and Cu2+ ions 
are compared with those of solutions of Cr3+ and Cu2+ alone. Although the total 
amount-of-substance concentration in the mixed system was double that in the 
solutions of the sole cations, breakthrough of Cr3 + as well as Cu2 + took place after 
the passage of a sufficient volume of the mixed solution. The sorption of mixtures 
of Cr3 + ions with Niz + and Coz + ions, resp~ctively, was similar to that for the Cr3 +­

_Cuz + mixture. 

The accuracy and precision of the method of determination of Cr(VI) and Cr3 + 

with OCT A in the presence of interfering cations were also tested (Table III). The 
given values represent the average of 6 measurements. The Cr(VI) content was 
determined after the sep:lration of this species from all the present cations on the 
Ionenaustauscher I cation exchanger, and the Cr3 + content was calculated as the 
difference between total chromium and Cr(VI), the former being determined after 
the oxidation of Cr3 + with hydrogen peroxide, separation of chromium on the cation 
exchanger, and reduction with NHzOH . HC!. The data of Table III demonstrate 
that the method is reasonably precise and accurate for Cr(VI) as well as for Cr3+ even 
in the presence of other cations. 
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