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SUMMARY 

The chromatographic behaviour of 14 inorganic ions has been ixkestigated 
on thin layers and colllmn~ of chitosan eluting witb alkaline solutions containing 

amine ligands. Separations of most of these ions have been achieved. The & vs. p [L] 
trends for some of the ions are reported and discussed. 

INTRODUCXXON 

In a previous papee the behaviour of some nuclek acid constituents and of 
many phenols was studied on chitosan thin layers. On the basis of the results achieved, 
znd in view of the chelating properties of cbitosan towardssome metal ions’, it was 
of interest to carry out a similar study for inorganic ions. There have been no previous 
studies of the behaviour of inorganic ions on thin layers; Muzzxelriz studied the 
behaviour of some ions on chitosan columns, but did not carry out any separations_ 
of mixtures. Thus, besides the separations achieved on thin layers, we have also tried 
to effect the same separations on chitosan columns. As in the case of the organic 
compoumW, the data obtained on powdered chitosan thin layers are compared with 
those obtained on microcrystalline cellulose and on microcrystalline cellulose im- 
pregnated with chitosan formate. 

EXPERIMENTAL 

The layers were prepared as previously describedI. Since chitosan is gelatinized 
in acid solutions, neutral or alkaline solutions were employed as eluents. The solutions 
of the different metal ions were prepared by dissolving the corresponding salts in 
water; and-if necessary; by neutra&ing with ammonia; The layers were developed by 
the ascendirig~te&mic@e at 25” and the migration distance was 11 cm unless stated 
otherwise. The3r&anic ions were detected with S-hydroxyquinoJ.ine and then with 
ammonium s&hid& - Sr(Iz) and Ba(IL) were detected w&h a solution of sodium 
rhodizonate: 

The chitixan used in the column cbomktography was obtained as previously 
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describedl, but had a larger particle size (Sl-100 mesh) than that (MI-200 mesh) 
used in thin-layer chromatography (TLC) in order to obtain a greater eluent flow-rate. 

Columns (cross section U.94 cm? filled with 2.5 g ofchitosan were used. The 
eluent flow-rate was 4 ml/min. The concentration of the ions was 20 mgjml and the 
sample volume placed on the columns was usually 0.1 ml. 

RESULTS AND DISCUSSION 

Thin-layer chromatography 
Table I lists the RF values of 14 metal ions eluted with a 0.5 M lW&NOJ + 

0.5 M NH, solution on layers of (a) microcrystalline cellulose, (b) microcrystalline 
cellulose impregnated with chitosan formate and (c) micrycrystalline cellulose mixed 
with powdered chitosan. It can be seen that the mixed layers of powdered chitosan 
exhibit a stronger retention and a better selectivity than the other two layers. This is 
in agreement with the results previously observed for organic compoundsl, and 
demonstrates the possibility of employing chitosan in the TLC of inorganic ions. 

TABLE I 

RF VALUES FOR INORGANIC IONS ON THIN LAYERS OF (a) MICROCRYSTALLINE 
CELLULOSE, (b) MICROCRYSTALLINE CELLULOSE IMPREGNATED WITH CHITOSAN 
FORMATE AND (c) MICROCRYSTALLINE CELLULOSE MIXED WITH POWDERED 
CHITOSAN 
For HgO, a standard solution of HgClr was employed. es. = Elongated spot. 

IOIl Ek?tU 

0.5 M NHYNO, + 0.5 M NH3 

(a) (61 fcl 

Amount 

0.5 M NH,NO, +I M Nu, 
(Pi?) 

(cl 

0.00 
0.80 
0.87 
0.87 
0.96 
0.91 
0.79 
0.86 
e.s. 
0.92 
0.95 
0.95 
0.89 
0.93 

0.00 0.00 0.00 
0.57 0.16 0.37 
0.66 0.19 0.43 
0.66 0.19 0.45 
0.76 0.30 0.59 
0.80 0.48 0.67 
0.73 0.55 0.55 
0.78 0.55 0.64 

iTi:4 z4 iz4 
0.85 0.74 0.74 
0.87 0.75 0.75 
0.89 0.77 0.86 
0.95 0.79 0.79 

0.3 

0.5 
0.6 
0.5 
0.5 
1.0 
0.8 
2.0 
1.0 
2.0 
2.0 
4.0 
0.5 
0.6 

A.s regards the cbromatograpbic bebaviour of the individual ions on the 
chitosan exchanger (see column 4 of Table I), ions, such as those of Co(U), Cu(rr), 
Ni(lI) and Cd@), which can form complexes with ammonia and which therefore 
bind to the primary amino group of chitosan, are strongly retained. On_ the other 
hand, ions such as those of the alkaline earths, which do not form complexes with 
ammonia, have much larger and approximately constant RF VC#SS. The behaviour of 
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is it is in in an to hydroxide 
a brown elongated 

Table I 5) also shows of the con- 
same strength pH, on chromatographic characteristics 

of It can be seen Rp values of the do not to 
ammonia do not while those of the ions which do give rise to 
complexes noticeably increase. The retention of the former ions can therefore be 
ascribed to an adsorption process whose extent is essentially correlated with the type 
of layer employed (see columns 24). The case of ‘H(I) is particularly illustrative: its 

RF value decreases from 0.79 on microcrystalline cellulose to 0.55 on mixed layers of 
powdered chitosan and does not change on this layer even if the ammonia concen- 
tration in the eluent is doubled. The RF sequence of the bivalent ions which give rise 
to stable complexes with ammonia can be explained in terms of the corresponding 
instability constants. Table II shows the good correlation between the sequence of 
RF values of these ions and the negative logarithm of their overall instability con- 
stants. Except for Cu(II), the RF values decrease with decreasing instability constant. 
The stronger retention of Cu(I1) can be explained in terms of the high affinity shown 
by chitosan towards this ion*. 

TABLE II 

RF VALUES FOR BIVALENT IONS ON POWDERED CHITOSAN LAYERS ELUTED WITH 
0.5 M N&NO3 + 1 M NH,, AND NEGATIVE LGGAFUTBMS OF THE OVJZALL INSTA- 
BILITY CONSTANTS OF THEIR COMPLEXES WlTH AMMONIA AT 30” (REF. 3) 

Cu(I1) 0.43 12.67 - 
zn(lI) 0.86 9.46 - 
Ni(LI) 0.59 7.95 8.73 
Wll) 0.45 7.12 5.14 
WI0 0.37 5.55 5.11 

In order to obtain a more complete picture of the chromatographic behaviour 
of the 14 ions on mixed layers of powdered chitosan we also used buffer solutions 
containing chloride and acetate instead of ammonium nitrate and an aliphatic amine 
(isopropylamine, ethanolamine or ethylenediamine) in place of ammonia. The re- 
placement of nitrate by chloride ion does not involve any advantage in the separation 
of the different ions and prcduces elongated spots in the case of Ag(I), Tl(I) and 
H&I). Better results were achieved with ammonium acetate since it has been possible, 
on the basis of the ligand properties of the acetate ion, to separate Cu(II) (& = 0.25) 
from Cd(D) (RF = 0.39), to improve the separation between Co(H) (RF = 0.29) and 
Ni(I.I) (RF = 0.48) and to separate M&I), which runs with the solvent front, from 
the alkaline-earth ions and from Zn(II) (& = 0.86-0.88). With OS M isopropyl- 

ammonium nitrate + 0.5 M isopropylamine as eluent, in contrast to the behaviour 
with 0.5 M ammonia buffer, Cu(II), Cd(U), Co(II) and Ni(II), but not Ph(II), remained 
at the application point. The other ions, including those of the alkaline earths ‘and 

H(I) which do not give rise to stable complexes with isopropylamine, are more 
strongly retained; for example, the RF values of Zn(II), Ba(IIj and Tl(9 are 0.30, 
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0.56 and 0.37, respectively, The only exception is shown by AgO which exhibits a 
higher RF value (0.71) than that obtained by eluting with the ammonia buffer. The 
behaviour of Tl(l) and oft the alkaline-earth metal ions can be ascribedmainly to a 
liquid-liquid partition process involving the aqueous organic ehrent. 

Elusion with 0.5 M ethanolamine f 0.5 M 2-hydroxyethylammonium nitrate 
(Table III, column 2) gave interesting results: Cu(iI) can be separated from Cd@); 
Zn(II) from Mg(II) and from the alkalineearth metal ions; and a compact spot, 
which can be used for analysis, is obtained in the case of Mn(II). The stability of 
ethanolamine complexes of Mn(II) acc+Junts for the compactness of the spot, the 
oxidation of the metal ion being prevented. The behaviour of Co(n) is just the 
opposite; the presence of ethanolamine causes partial oxidation to Co(III) by air 
and therefore an elongated spot ls obtained. The smaller retention of Cu(n) with 
respect to Cd(U) and, overall, to Zn(I1) must be ascribed to the high stability of its 
complexes with ethanolamine, complexes such as CU(NH#XI&H~OH)~(OH), being 
formed4 (B = 19.9). / 

TABLE III 

RF VALUES FOR INORGANIC IONS ON MIXED LAYERS OF POWDERED CHITOSAN, 
AND NEGATIVE LOGARITHMS OF THE OVERALL INSTABILITY CONSTANTS OF 
THEIR COMPLEXES WITH ETHYL.ENEDIAMINE AT 25” (REF. 3) 

Ca(II), Sr(lI) and BacII) hme the same RF value (0.69) when eluted with 0.5 M ethanolanine + 0.5 
M 2-hydroxyethylammcnium nitrate, and run with the solvent front with the other eluent. n-d. = 
Not determined. 

IOR EIuent 82 a 

0.5 M Ethadamine f 
0.5 M .?-hy&oxyethyl 

2-Aminoethykzmmonium 
nitraZe (M) 

anvnomkm t&rate 
0.05 0.10 0.25 0.50 

PWI) 
corn 
cum 
Gw) 
NW) 
&z(I) 
WU 
HdII) 
hww 
zn(II) 
Mgo 

0.03 

::“;9 
0.15 
0.39 

. 0.40 
0.50 
0.61 
0.14 
0.36 
0.77 

0.00 0.00 0.00 0.00 - - 

0.65 0.80 0.91 ad. 10.66 13.96 
0.94 0.95 0.98 0.98 20.13 - 
0.08 0.19 0.38 0.60 10.02 12.09 
0.80 0.88 0.93 0.96 14.08 19.11 
0.00 0.00 0.00 0.00 7.84 - 
0.57 0.60 0.61 0.57 - - 
0.71 0.84 0.89 0.93 - - 
0.49 0.52 0.55 0.65 4.79 5.67 
0.25 0.40 0.56 0.73 10.81 12.98 
0.95 0.95 0.96 0.93 - - 

The chromatographic behaviour of the ions when eluted with different con- 
centrations of 2-aminoethylammonium nitrate is also shown in Table III (columns 
3-6). With respect to the behaviour with the other eluents, a general increase of the 
RF values is observed (see column 6) with the exception of Ag(1) which remains at the 
starting point notwithstauding the stability of its complexes with ethylenediamine. 
The stroug retention of Ag(1) must be ascribed to the presence of chitosan, since 
similar behaviour is not observed on microcrystalline cellulose layers-It should be 
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noted that Cu@) runs with the solvent front even in 0.05 M 2-aminoethy~ammonium 
nitrate (see column 3) and that, under these elution conditions, it can be easily sepa- 
rated from the other metal ions which form stable complexes with ethylenediamine. 
The sharp separation of Cu(II), Co(li), Ni@), Ztt(iI) and Mn@I) is also noteworthy. 
As with ammonia buffer as eluent, the & vahtes of the different bivalent ions decrease 
as the negative lo_&thm of the overall instability constants of their complexes 
decrease (see Table III). This behaviour is particularly evident when eiuting with 
0.05 M 2-aminoethyhunmonhun nitrate. The only exception is MY@), which is less 
strongly retained than Cd(B) and Z$K), notwithstanding its & value which is smaller 
than those of the other two ions. This behaviour can be ascribed to the weak afiinity 
of Mn(II) towards the amino groups of chitosan. 

RJp[L] relation. Since the RF values of the different ions change with 
changing li,oand concentration in the eluent, we tried to 6nd a quantitative relation 
between & and p]L]. 

In Fig. 1 are shown the RM vs. pm&] trends of some mono- and bivalent 
ions. Linear relations between RM and pm31 are evidently of the type: 

RM = co,nstant + y*p[L] 

Such a relation is quite simiJa.r to that found between RM and pH or p[M*+] in cation- 
exchange reactions’. The siopes of the straight lines in Fig. 1 are: 0 for TI(I), 0.8 for 
Ag(I) and 1.47-1.64 for Ni(TI), Cu(LI), Co@) and Cd(Il). These values show that 
Tl(I) is not appreciably complexed with ammonia, while the complexation reaction 
which accounts for the chromatographic behaviour of Ag.0 and of the bivalent ions 
involves one and two molecules of ammonia, respectively. 

Ag(I) 

TL (I) 

-II I I 
0 4325 

P(NY) 

Fig. 1. RH vs. pm31 curves for mono- and bivaIent ions on powdered chitosan thin layers with 
ammonia buffer (OS M NHaNo, + OS M NH,) as the ehent. 
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Since the coordination number of the latter ions with ammonia is higher than 
one or two, and-keeping in mind that at these ammonia concentrations the p&r- 
centages a-f the ions in the uncomplexed form are negligiile, the experimental data 
can be explained in terms of the following equations: 

(a) .Res -I- Ag(NHs)+ --f Res-Ag(NHs)+ 
&&NH,)+ + NH, --f Ag(NH&+ 

-(b) Res f Cu(NI&),2+ + R~~-CU(NH,),~+ 
Cu(NH&‘+ i 2NHs 3 CU(NH~)~~’ 

Ag(NH,),+ and CUBER cannot form bonds with the amino groups of chitosan 
since the two metal ions are exbibiting their highest coordination number in these 
compiexes. Equ&ons similar to those shown above for Cu(II) can also he postulated 
for Cd(U), Ni(II) and Co(u), even though we cannot exclude the possibility that the 
four-coordinate complex could also be bound to the resin since the highest coordina- 
tion number of these ions is 6. 

Similar trends to those in Fig. 1 are obtained in the cases of A,00 and Zn(I9 
when ammonia is replaced by isopropylamine, the slopes of the straight lines being 
0.93 and 1.48, respectively_ 

Column chromatography 

The chitosan columns, if used with alkaline eluentc only, exhibit a &mstant 
efl!luent flow-rate. On the basis of ffie results achieved in TLC, we used different 
concentrations of ammonia buffer and 2-aminoethylammouium nitrate as the mobile 
phases; The column behaviour of the *same ions was studied with the exception of 
pbU9, Mn(n) and HgU.9. 

Elution with 0.5 M ammonia buffer gave different results to those obtained 
in TLC in that all the ions w&e eluted between 10 and 65 ml of eluent. On decreasing 
the ammonia buffer concentration (for instance to 0.25 M), Cu(II), Cd(I9, Ni(I9, 
Co(H) and Ag(9 were more strongly retained than the other ions but gave elongated 
elution curves covering a range of CQ. 150 ml. With 0.01 M ammonia btier (Fig. 2), 
Zn(II) is well separated from Mg(I9, Ca(I9, Sr(I9, Ba(II) and Tl(9, and all of these 
ions are separated from Cu(I9, Co(I9, Ni(19, Cd(I9 and Ag(9 which are strongly 
retained on the column. If the column is then eluted with 0.01 M 2-aminoethyl- 
ammonium nitrate* Cd(I9 and Ag(I), which are not eluted, can be separated from 
Cu(I9, Co@ and Ni(I1) (see Fig. 2). The elution of Cd(19 is possible using 0.5 M 

Fig. 2. EIution curves for inorganic ions on a chitusan column. One fnctian = 2 ti 
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2-aminoethyl~onium nitrate as mobile phase (see Fig. 2), while Ag(9 can be 
eIuted with 0.5 A4 ammonia buffer. In this way it is possible to reaxver Ag(9 within 
an interval of 16-48 ml and, at the same time, efEct its separation Corn all of the 
other ions. 
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