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SUMMARY:

The adsorption of trimethylammonium glycol chitosan iodide (TGCI) on Dowex CCR-2 resin
was invest igated at  d i f ferent pH values and resin weights.  The concentrat ion of  Na+ or Ca2*
ions, released by the ion exchange react ion wi th TGCI,  was measured by induct ively coupled
plasma spectroscopy. It was found that the amount of the released ions is comparable to that of
the absorbed TGCI.  This indicates that the sal t - l inkage format ion of  carboxylate ions of  the
exchanger wi th i  N(CH-r)3-groups in TGCI fo l lows a stoichiometr ic relat ionship.  This resul t  is
discussed in connection with the form of the polvmer laver adsorbed on the solid surface.

Introduction

Study on the stoichiometry of salt- l inkage formation of polyelectrolyte ions with

ionizable groups of colloid particles gives an important information about the form
of the polymer layer adsorbed on the col loid surface. Corry') reported that the salt-
linkage between poly(r--lysine) and polystyrene latices in dilute aqueous solution
fol lows a stoichiometric relat ionship. The previous study2) from this laboratory also

showed that the si lanol groups on the surface of col loid si l ica form stoichiometrical ly
the salt- l inkages with tr imethylammonium glycol chitosan iodide (TGCI) I6-O-(2-bV-
droxyethyl)-2-(tr imethylamonio)-chitosan iodidel.  However, other informations
about the stoichiometric salt-linkage have not yet been obtained, although the ad-
sorption of polyelectrolytes on hydrophobic col loids has been studied by many

authors investigating the adsorption mechanismr- r0). Thus, i t  seems desirable to

undertake a more detai led investigation on the stoichiometry of the salt- l inkage for-

mation of polyions with ionizable groups on the sol id surface.

In the present study, the adsorption of TGCI on a carboxylic type ion exchanger
was carried out at different pH values and resin weights. Moreover, the amount of

cation which is released from the ion exchanger caused by the binding of TGCI was

measured by inductively coupled plasma (ICP) spectroscopy. The stoichiometry of

thesal t - l inkageformat ionof carboxylateionsof theionexchangerwith !N(CHr)3-

groups in TGCI was investigated by comparing the amount of the adsorbed TGCI
with that of the released cation. The results obtained are discussed in connection with

the form of the polymer layer adsorbed on the solid surface.
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Exper imental  Part

Mater ia ls:  TCCI (P" = ca. .400) was the same sample as used in the previous studies: ' r r . r : ) .
Dowex CCR-2 resin (a bead type carboxylic acid cation exchanger) was purified in the usual
way. The hydrogen-form of the resin was prepared by leaching with I  \ t  HCI,  washing with
dist i l led water unl i l  chlor ide ion was no longer detectable,  a i r -dr ied at  room temperature for  2
days, and then d r ied at  60 "C for I  day under vaccum. The hydrogen-forrn resin was completely
converted to the sodium- and calc ium-form $' i th 0,  I  Nr NaoH and 0.015 rr  Ca(oH). ,  respec-
t i r '3Iy.  f5s sal t - form resins were washed sat isfactor i ly  wi th 0,  1 v rerramethylammonium
hydroxide (TMAH) solution in order to avoid the ion exchanse reaction between resin and
proton*).

Potent iometr i< ' t i t rot ion:  The t i t rat ions iv i th 0,  I  l r  NaOH and 0,015 rr  Ca(OH)1 were carr ied
out on a dispersion (50 ml)  containing 0,  I  g of  the hy,drogen-form resin,  according to the
method of  Kunin and Myers ' r ) .  The pH of  the dispersion was measured by using a Beckman
digital pH meter (model 4500).

Adsorption experiment: The amount of rcCI adsorbed on the hydrogen-form resil was
determinedinthepHrangeof 5- i l .Thesampleresin(0,5g)wasdispersedin50ml of  d ist i l led
n'ater,  and the pH of  d ispersion was adjusted with 0,01 -  I  nr  NaoH or ca(oH), .  Af ter  the pH
was equi l ibrated, the TGCI solur ion (0,0866 mol . l  r ) ,  adjusted to rhe pH-of the sample
dispersion, was added from a microburet  wi th a precis ion of  0,005 ml and then st i r red unt i l  rhe
adsorpt ion equi l ibr ium was establ ished. On the other hand, the adsorpr ion of  TGCI on the sal t -
form resin * 'as also carr ied out for  50 ml of  the dispersion (pH l0)  containing TccI (0,g66
mmol)  and the resin (0,5-2 g1. The pH of  the sample was then adjusted with I  nr  TMAH
solut ion.  Al l  of  the adsorpt ion exper iments were performed at  25 + 0,  i  "c in a ni t rogen
atnlosphere to avoid the contaminat ion wi th carbon dioxide gas. The concentrat ion of  the
residual  TCCI in the supernalanl  was determined by means of  col lo id r i t rat ion.  The rr t rat ion
technique was descr ibed in derai l  in the previous papersl . r { ,  l5} .

Measurement of the concentration of cations released front the salt-.form resin caused by
adsorption of TCCI: The adsorption of TGCI on the salt-form resin was carried out in the same
manner as descr ibed above. The concentral ion of  Nat or Ca: *  ions i l  rhe supernatant l iquid
before and af ter  the adsorpt ion rvas measured to compare the amounr of  the released cat ion
rvi th that  of  the adsorbed rcCI.  The measurement was performed by ICp specrroscopl ,using a
Jarrel l -Ash Plasma AtomComp Direct  Reading Speoronreter lmodel 975).

Results and Discussion

In order to clari fy the dif ference in rhe adsorption behavior for polycations and
small  cat ions, the adsorbed amount (A, in eq/g) of small  cat ions was at f i rst in-
vestigated as function oi pH by means of potentiometric t i trarions of the hydrogen-
form resin with NaOH and Ca(OH), r i trants (Fig. t) .  From the curves of ,4. vs. pH
for NaoH and ca(oH)2, i t  is evident that the adsorption of ca2* ion is saturated at
lower and narrower pH range than that of Na+ ion. This seems to be related to the

' )  The adsorpt ion exper iment of  the metal  cat ion f rom NaOH or Ca(OH),  solut ion (pH l0)  in
the presence and absence of  rMAH ion (0,  I  mol/ l )  onto the hydrogen-form resin showed
that no pronounced di f ference is observed in the adsorpt ive amounts obrained in the
presence and absence of  TMAH. Thus, i t  is  c lear that  the metal  cat ion bound to the resin is
not exchanged with TMAH ion in the bulk phase.
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Stoichiometric Salt-linkage Formation of 1235

difference in affinities of both metal ions towards the carboxyl groups of the ion
exchangerr6). On the other hand, the base adsorptive capacity*) for the resin used here
was I 1 meq/g for Na* ion and 12meq/g for Ca2* ion, as estimated from the,4. value
at the plateau region of the curves in Fig. l .

15

Fig.  l .  Relat ionship between the
adsorbed amount (.4r) of small
cat ions and pH obrained by
potentiometric titration for the
hydrogen-form of Dowex CCR-2
resin;  cat ion;  Na* ( l )  and Ca2+ 12.;

t2

PF

The dependence of the adsorbed amount (lo in unit mol/g) of TGCI ions on pH
was measured for comparison with the results for small cations (Fig. 2). The change
in,4o with pH was found to be similar to the curves depicted in Fig. I ,  except that
there is a remarkable difference in ,40 values caused by the pH-adjusters because of
the dif ference in the aff ini t ies between Na+ and Ca2* ions. From the fact that the,4o
value increases with increasing pH, it can be deduced thar the binding of rGCI ion to
Dowex CCR-2 resin is due to rhe salt- l inkage formation of oN(CH3)3-groups in
TGCI with carboxylate ions of the exchanger. The other important feature of Fig. 2 is
that the,4n value at the plateau region is much less than the base adsorptive capacity.
This result is explicable as follows: the salt-linkage formation between TGCI ion and
Dowex ccR-2 resin does not take place in the pores of the exchanger because of a
steric hindrance effect of the polymer chain. Analogous results have been observed in
the adsorption of polymeric substances on ion exchangers te) and other porous
part icles2'r2). Thus, i t  is considered that Tccl ions form salt- l inkages with only carb-
oxylate ions on the surface of Dowex ccR-2 resin and also that the number of the

*' This quantity does not represent the total capacity of the resin, but rather an equilibrium
adsorpt ion (see refs.  r7)  ancl l8)) .
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Fig.2.  Relat ionship between the
adsorbed amounl ( ,40) of  TGCI and
pH for the hydrogen-form of Dowex
CCR-2 resin;  pH-adjuster:  NaOH (1)
and Ca(OH)2 (2)

∂   θ   ′θ  ′ア   ′2

ρ″

salt- l inked sites varies with the amount of the carboxylate ions, which is inf luenced by
the pH, and the species of small  cat ions acted as the counterion.

To investigate further the salt- l inkage formation between TGCI and Dorvex CCR-2
resin, the adsorption isotherms were obtained for the salt-form resins in the region
where .40 is independent of pH. The pH of the adsorption system was adjusted with
TMAH, since an exchange between the metal cation bound to the resin and TMAH
ion in bulk phase does not take place (see Exptl. Part). The results obtained are
shown in Fig. 3. The equil ibr ium adsorption for the salr-form is in fair agreemenr

Fig.  3.  Adsorpt ion
isotherms of TGCI for
the sal t - forms of  Dowex
CCR-2 resin;  resin:
sodium-form ( l )  and
calcium-form (2). The
pH of adsorption system
was adjusted to l0 + 0,1
with TMAH. The
adsorbed amount is
expressed on the basis of
the resin weight in the
hydrogen-form

′ 2θ
`

Equilibrium conc of TGCIin mmol l~1

with the Иp Valuc for the hydrogen‐form at thc platcau region of thc curvcs in Fig.2

This mcans that the small cations bOund tO thc resin are cxchanged 、vith thc
・lN(CH3)3~grOupsin TCCI:
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where Mt@ and R represent metal cation and ion exchanger, respectively. Therefore,
i t  was anticipated that a more detai led information about the stoichiometry of the
salt-linkage between the Dowex CCR-2 resin and TGCI ion could be obtained by
comparing the amount of the adsorbed TCCI with that of the released cation.

The analytical results of the released cations at different resin weights are listed in
Tab. I ,  together with the amount of the adsorbed TGCI. I t  was found that the

amount of Na* ion released is comparable to that of the adsorbed TGCI within the

experimental error of ICP spectroscopy. In the case of Ca2* ion, furthermore, the

Tab. l .  Comparisonof theamountof  adsorbedTGCIwiththatof  cat ionreleasedfromthe
salt-forms of Dowex CCR-2 resin caused bv the adsorption of the oolvionu)

Resin Resin Amount of Analytical resultc)
weight b) adsorbed in mg . I - l

in g TGCI
in mmol

Amount of
released cat iond)
in mmol
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n 111
0,415
n srR
0,196

0, I  15
0,186
0,236
0,34 r

|  46 (2,8 r)
t79 (6,39)
238 (4,23)
3'74 (5,12)

4i ,7 (<0,05)
79,4 (<0,05)

i l3 (<0,05)
136 1<0,05)

0,31 I  ( - )
0,375 (-)
0,508 (-)
0,802 (-)

0,052 (0, r04)
0,099 (0, r98)
0,r4r (0,282)
0, | 70 (0,340)

adsorption of polyelectrolytes on solid
no strong evidence that the polyion is

ur pH l0 + 0,  1 (adjusted with TMAH), 25'C.
b) The weight of the sodium- and calcium-form resins was converted to that of the hydrogen-

form.
t) The results in parentheses rvere obtained by a blank test which was carried out for the salt-

form resin in the absence of TGCI ion.
d) The results in parentheses were calculated by assuming that one mole of Ca2 + ion is released

b-v the binding of 2 moles of ' t 'N(CHtlr-groups in TCCL

agreement between the amounts of the released ion and adsorbed TGCI can be ac-
cepted i f  we consider that 1 mol of Ca2t ions is exchanged with 2 mol of oNlCHrlr-

groups in TGCI. The dif ference in the amounts of the released ion (or the adsorbed
TGCI) for both resins in sodium and calcium forms can be explained again in part

due to the dif ference in the aff ini t ies of Na* and Ca2* ions to Dowex CCR-2 resin.
From these results i t  fol lows that metal cations, which are bound to the carboxyl
groups on the exchanger, are released in a stoichiometric exchange reaction with
TCCI ions. In conclusion, this result suggests that the salt- l inkage formation of
oN1cH,;r-groups in TGCI with carboxylate ions of Dowex CCR-2 resin fol lows a
stoichiometric relat ionship.

Most of  the previous studies5'e ' r0)  of  the
surfaces with ionizable groups have shown
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stoichiometrical ly bound to the ionizable groups. For example, Froehling and
Bantjese) have recently studied the adsorption of a synthetic heparinoid polyelec-

trolyte, -[CHr-C(CH])(NHSOTNa)-CH(COONa)-CH,l; ,  on beads of poly-
(vinyl chloride) having tridodecylmethylammonium chloride as the surface groups,

and reported that the amount of Cl ion released by the binding of the polyion is of
the order of a few per cent of that ( in unit  mol) of the adsorbed polyion. Thus, they
pointed out that the polyion is adsorbed in the loop form on the surface of the beads.

In contrast to this result,  the stoichiometric salt- l inkage formation between TGCI and
Dowex CCR-2 resin obviously indicates the adsorption in a f lat form. I t  is thought

that the stoichiometry of the salt- l inkage of a polyion with ionizable groups on a sol id
surface may be affected by many factors: hydrophobic or hydrophil ic character of the
sol id surface, distr ibution and density of ionizable groups on the sol id surface and
also in the polymer chain, and f lexibi l i ty of polymer chain, etc. Although i t  should be
preferable to investigate the stoichiometry by considering these factors, the present

results reported above apparently seem to include a useful information about the flat
adsorption of a polyion on a sol id surface.
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