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Abstract: The acid dissociation constants of glucosamine-HCI, chitosan+HCI] and cross-
linked chitosan-HCI with epichlorohydrin were determined by pH titration with alkaline, fol-
lowed by Henderson-Hasselbalch plot. The mean coordination numbers and stability cons-
tants of chitosan based chelating polymers-metal ions such as Cu(I[), Pb(Il), Cd(ll), Hg
(II), Cr (V1) and UQ,(VI) were determined by using a modified Bjerrum’s method proposed
by Gregor and co-workers. The results were compared with the values obtained between
glucosamine and metal ions. The order of the stability constants of metal ions to the
chitosan was as follows; Cu (Il )> Hg (I1)> Cr (VI)> UO,(VI )> Pb(I1)> Cd(Il) for the
crosslinked chitosan, the order was; Hg(I1)> Cu(Il)> UO,(VI)> Cr (V[)> Pb(Il) >
Cd(Im).

The order of the stability constants of chelating polymers and glucosamine to Cu(]l),
Hg (Il ), UO,(VI) and Cr(Vl) ions was following sequence; chitosan > crosslinked chi-
tosan> glucosamine. For Pb(Il) and Cd([l) ions the order was reverse.
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Fig. 1. pH titration curves at 25C for glucosa-

mine (G), chitosan(C) and crosslinked
chitosan (CC). (G), [C), (CC)= 2x1073
mole/1, #=1.0(NaNO;)
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Fig. 2. Henderson-Hasselbalch plots for gluco-

samine (G), chitosan(C) and crosslinked
chitosan (CC). [GJ, (C), (CC)=2x10"*
mole/l, ©= 1.0(NaNOQj;)
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Fig. 3. pH titration curves at 25C for gluco- Fig 5. pH titration curves at 25T for gluco
samine(G)-Cu (Il ), chitosan(C)-Cu (II) samine(G)-Pb (I ), chitosan(C)-Pb (I])
and crosslinked chitosan(CC)-Cu(Il) and crosslinked chitosan(CC)-Pb ()
systems. [G], [C), [CC]=2X10"mole/l, systems. (G}, (C], [CC}=2X10"%mole/],
(Cu(ll))=2X10"*mole/l, p=1,0(NaNO,) (Pb(I))=2x 10~ mole/l, x=1.0 (NaNO,)
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Fig. 4. pH titration curves at 25C for gluco- Fig. 6.
samine(G)-Hg (Il ), chitosan(C)-Hg (I)
and crosslinked chitosan(CC)-Hg(Il)
systems. (G), (C}, [CC}=2X103mole/1,
(Cu(ll ))=2X10"*mole/l,,u= 1.0 (NaNO;)

pH titration curves at 25 for gluco-
samine (G)-Cd (II), chitosan (C)-Cd(Il)
and crosslinked chitosan (CC) Cd(Il)
systems. (G], (C), (CC)=2X10"%mole/],
(Cd(II)) =2x 10 *mole/1, 12 =1.0 (NaNO5)
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Fig. 7. pH dtration curves at 25C for glucosa-
mine(G)-Cr (V), chitosan (C)-Cr (M)
and crosslinked chitosan(CC)-Cr (V)
systems. (G), (C},(CC)=2Xx10"3mole/l,
(Cr (V1) )=2x10"*mole/1, u=1.0(NaNOy)
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Fig 8. pH titration curves at 25C for gluco-
samine (G)-UO, (V]), chitosan (C)-UO,(V])
and crosslinked chitosan (CC)-UQ, (V])
systems. [G], [C), (CC)=2X10"*mole/!,
(U0, (VI)) =2 x10~*mole/l, # =1.0(NaNOy)
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Fig. 9. Modified Bjerrum plots for glucosamine
G)-Cu(ll), chitosan(C)-Cu(ll) and
crosslinked chitosan (CC)-Cu(Il) systems.
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Hg(l)o|-&oll 4 chitosanA) Zzo|E 3L
2453 glucosamine ¢ H = AAFA
Fig. 100 Jel d=l, chitosan-Hg(Il)Al®
7-9= Hg(1l) ol 1Hell 3t 1 2k ofulef $f=}
o] HFuielsrt 39S & 4 A zhatchito-
san-Hg () Al A X n o @zgko]l A2 3 o]}
A, chitosan Al Z# o]EnR=1E2| Hg(ll) I
Lo gt HEgsE shael olg @3Fel A

o Mz

i

442

(II) systems.

2L o 4 gt} glucosamine-Hg (11 ) Al of] 4]
nZt2 Cu(ll) ol 2 7ol A8l Zo] F4k7])

O

gl ool s A nghel AL AAAHer T
st oy pH7 ol3he] ddel A nghd 3
T2 Ak

w

—

-45 -40 -35 =-30 -25 -20 -L5
p((H*A)/(H*))

Fig. 11. Modified Bjerrum plots for glucosamine

(G)-Pb(Tl), chitosan(C)-Pb(Il) and
crosslinked chitosan(CC)-Pb(Il) systems.
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Fig. 12. Modified Bjerrum plots for glucosamine
(G)-Cd(Il), chitosan(C)-Cd(C) and

crosslinked chitosan (CC)-Cd(I) systems.
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Fig. 13. Modified Bjerrum plots for glucosamine
(G)-Cr(V), chitosan(C)-Cr (V) and
crosslinked chitosan(CC)-Cr(IV) systems.
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Fig. 14. Modified Bjerrum plots for glucosamine
(G)-UO, (IV), chitosan (C)-UO,(IV)
and crosslinked chitosan (CC)- UO,(IV)

systems.
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Table 34| e} nupe} 7o) chitosandl] o
3 ol 252 A A EAFE 271+ Cu(ll)
> Hg(I[)>Cr(V1)> U0, (V) > Pb(l)>Cd
()8l Eolm, olF& BHo| 252 b, /by 3tel
b, /by kB el A ZES Jdebi T Ak

7} 3 chitosano] gt F4o0] 252 obA x4t
9 zZ7]+= Hg(ll)>C
(VI)>Pb(Il) >Cd(Il) ¢l
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£o
(I)>U0,(I)>Cr
% o] | (Table 4), °]

u

AT - A7 A
Table 2. Stability Constants of Glucosamine-Metal Ion Chelates
Metal ion  log by log k, log b; log k, log by log ks log B, log K, log B; log Ky b,/b, b, /b,
UO, (VI) —2.45 5.274 385 3.874 —4.54 3.184 —6.30 9.148 —10.84 12.33225.119 4.898
Hg (Il ) —3.48 4.244 -3.77 3.954 —4.00 3.724 -7.25 8.198 —11.25 11.922 1.950 1.698
() —3.46 4.264 -3.83 3.894 —4.15 3.574 -7.29 8.158 —11.44 11.732 2.344 2. 089
Cr (VM) —3.04 4.684 —4.50 3.224 —4.66 3.064 —7.54 7.098 —12.20 10.97228.840 1. 445
() -3.7 3.964 —4.16 3.564 —4.66 3.064 —7.92 7.528 —12.58 10.592 2.512 3.612
Cd(II) —3.93 3.794 —4.31 3.414 -4.61 3.114 —8.24 7.208 —12.85 10.322 2.399 1.995
a . Tm/T(H‘*‘L) =0, 1, u= IO(NaNog), 25C.
Table 3. Stability Constants of Chitosan-Metal Ion Chelates
Metal ion log b, log k, log b, log k, log b, log ky log B, log K, log B; log K; b,/b, b, /b,
Cu(ll) ~1.95 4967 -2.30 4.617 —2.64 4.277 —4.25 9.584 — 6.89 13.861 2.239 2.188
Hg (1) —1.93 4.987 —2.32 4.597 —2.66 4.257 —4.25 9.584 — 6.91 13.841 2.455 2 188
Cr (V) =215 4.767 —2.64 4.277 ~3.04 3.877 —4.79 9.044 — 7.38 12.921 3.090 2.512
Uo, (V) —2.11 4.807 —2.84 4.077 —3.34 3.577 —4.95 8.884 — 8.29 12.461 5.370 3.162
Pb(Il) —2.83 4.078 —3.63 3.278 —3.8 3.067 —6.46 7.374 —10.31 10.441 6.310 1.660
Ccd(Im) —-3.20 3.717 —3.79 3.127 —3.86 3.057 —6.99 6.844 —10.85 9.901 3.830 1.175
a:Tn/Tysey, =01 x=1.0(NaNO,), 25T
Table 4. Stability Constants of Crosslinked Chitosan-Metal Ion Chelates
Metal ion log b, log k, log b, log k, log b; log k; log B, log K, log B; log K3 b, /b, b, /b,
Heg(ll) -1.63 4.848 —2.38 4.098 —2.79 3.688 —4.01 8.946 —6.80 12.634 5.623 2.570
Cu(ll) —1.85 4.628 —2.16 4.318 —2.85 3.628 —4.01 8.946 —6.8 12.574 2042 4.898
U0, (V) —2.24 4.238 ~2.42 4.058 —2.54 3.938 —4.66 8.296 —7.20 12.234 1514 1.318
Cr (V) —2.23 4.248 —2.60 3.878 -2.90 3.578 —4.83 8.126 -7.73 11.704 2.344 1.995
Pb(l) —2.73 3.748 —3.05 3.428 —3.12 3.358 —-5.78 7.176 —8.90 10.570 2.089 1.175
Cd(m) —2.89 3.588 —3.08 3.398 —3.15 3.328 —5.97 6.986 —9.12 10.314 1.548 1175
a:Tn/Tuy =0.1, #=10Na0 NO,), 25T
o] &2 Lol vk el 7S Bou}, ol 3 T4+ ABBof| A wF g 7}l chitosan$)
FAEZICA 212 w417k o = g 7] g al AL Fhol 5o FA4549) AE Ul
2 Azrs ), x 27| F40]-&F 9| glucosamine 3} chi-

tosan Y 7}ichitosano] gt A ol A X AbF
£ wlxsld Cu(ll), Hg(ll), UO,(IV), Cr (VD)
0|22 74Lell A= chitosan> 7} chitosan>
glucosamine 2] 4] 0|, L qE=s| g3}
o] 2]all =R =}uf 9 =}e] gluicosamine ¥.t} X

Al )2} )

o] A

chitosan 7} 7} chitosan 2] A&

A7 23, 7halchitosan 2| A+ 7patel] &
gt R =PALE 2] fred A Ao} Al T o
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