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_ Abstract—We summarize here experrmental studres of proto arid metal jon b

. acid. Data analysis is based ‘ot a unified physico- -chemical 'model fo
.. polyelectrolytes employing a modified Hendersou—Hasselbalch equatlo }
intrinsic acid dissociation constant of 10~*%%; and an apparent; intrinsic-m
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ng to a peat and a humic:
tioni’ of* sirple ions with
>¢at-exhibited an apparent
fon. bmdmg constant of: 400
Firfiic acid was found to have '

an apparent intrinsic proton binding constant of 10~ 256 . Copper ion bmdmg to this humic acid sample
occurred at two types of sites: The first site exhibited reactjon charactetistics whxch were independent of

solution pH and required the interaction of two llgands on‘thie him

cid” matrix to simultaneously - -

complex with each copper jon. The second complex-species is- assumed to be a s1mp1e monodentate copper

jon-carboxylate species with a “stability constant of 18.

"Key- words: Donnan - potentlal heterogenelty, 2d1mensxonal ;
polyelectrolyte, comp]exatxon electrostatlc potentlal

INTRODUCTION

Natural weak-acid organic polyelectrolytes may exist
in surface and groundwaters as two, phase systemis, an

.aqueous phase and a water contalmno organic. gel

phase. The distribution of ionic species. between

" these two phases is regulated by chemical and

membrane equilibriums. Previous investigations of

.proton and metal ion binding to these: materialshave

attempted to use simple chemical equrlrbnum models
employing aqueous phase concentrations with stan-
dard mass action and mass balance equations. Sever-

al studies have neglected the Donnan membrane.
potential term, and polyelectrolyte effects. Because.

of these omissions. proton and metal ion. bmdmg
constants for weak acid functional groups present in

natural samples appeared to .be strongly dependent .- :
pics app gl cep rize chiemical equrhbnum at reaction sites of organic

on experimental ‘conditions such as solution ionic
strength, total ligand concentration, pH, and degree

of neutralization. Such behavior is oppos1te to that -
exhibited by simple electrolytes, and in a practical -
sense limits attempts to mathematically model the .

metal jon complexation behavior of naturally occur-
ring organic polyelectrolytes. To-.quote” a recent
observation on this sub]ect by Stevenson (1982 P.
372):

“Serzous problems are encountered in the detel-

mination of stability constants of metal complexes with .

humic and fulvic acids. A va:zety of methods have

been applied, and considerable’ progress has_ been .

*Presented at the Symposium on Geochemtstry of Nuclear
Waste Disposal during the 183rd American Chemical
Society National Meeting, Las Vegas, Nevada, March
28-April 2, 1982.
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ldlme;uisional “aggregate (gel),

'made but agreement has not yet been reached as to

how the data can béstbe analyzed and mterpreted The
need for future research in. thzs area is-evident.”

Solutron electrochem1ca1 propertles of high -~
molecular werght natural organic materials may be’
regulated by their intrinsic electrolyte properties or
by their structural heterogeneity. Structural heter--

- ogeneity arises because humic materials consist of

three dxmensmnal arrays having numerous- side
chams and funct1onal groups: Chemical properties of -
these materrals are 31m1lar to weak acid polyelectro-
lytes havmg arange, of apparent molecular we1ghts
solubrhtres and acid strengths.

1984) pre expenmental method to characte-

weak-acid polyelectrolytes in a single or two phase

systerii; This ‘techniqu ‘Wwhich utilizes potentrometrrc

titrations’ of weakly aéidic organic polyelectrolytes in
the presence . and - absence of metal ions, prov1des
reliable data’ for .ion bmdmg reactions in these

' complex systems. Apphed tothe analysis of proton or

ng by natural high molecular weight

“ ‘orgamc polyelectrolytes this approach allows quan-

trﬁcanon of the apparent 1on bmdmg constants

penmentally th .approach for the accurate assess-
ment_of stability constants characterizing the com- '
plexed Specres formed by metal ions with repeating -

ligands. of natural- polyelectrolytes These results

provide unambiguous, quan‘utatrve evidence for the |
role of functional group heterogeneity in ‘the ion

"bindinig reactrons of natural materials.

this series (Marinsky and Reddy, -~



MATERIJALS AND METHODS

orm-by successive treatment with one normal hy
:_",reported to be negligible (Bunzl and Schultz, 1980)

- solution containing the metal ion of interest and the

"' "successive additions of a staidard sodium hydroxide

" tions” were determined using the procedure - of
- Schmidt and Dietl (1981). Potentiometric titrations

of copper ion were done with peat and solution

.- analytical precision. Samples were equilibrated for

- ,duphcate
. Humic acid was prepared by the method of Schnit-
~zer'and Kahn (1972), and details are given by Gupta

contained 55% carbon and 2% nitrogen. Its eq_uiva!
lent capacity was found to be 3.5 m-equiv/g.

..was performed employing a suite of physic_al and
.- chemical techniques. Organic material extractable
““froih the humic acid sample was determined as a

. For pure water less than 3% of the carbon present
w ..successive extractions. Humic acid solubilization in a
PH. 5.97 (Gupta and Schindler, 1977).

electrolyte (sodium nitrate) in a stirred cell with a

"’ .base~acid cycling procedure, titration of the humic
~~acid was done by adding small amounts of standard
-:sodium hydroxide solution. The end point for the

' . volume associated with the maximum of the second
- dérivative of the change in pH with titrant volume.
Copper ion binding to humic acid was examined.in

. Analytical reagent grade chemicals and grade A -
:glassware were -used in all experiments. Special ...
! precautions were taken to prevent carbon drox1de'
ontamination of the’ standard sodium. hydroxide .
used in the investigation. Peat, characterized pre-
iously (Bunzl, 1974), was transformed to the acid

,ochlorlc acid, followed by distilled water washing.:
."Catron exchange capacity of the peat for lead’ions at ..
H 4. was 1.7 m-equiv/dry g; peat dissolution was * -
;. Potentiometric and metal ion binding studres_ wrth“' ‘
-peat were performed by equilibrating 0.15 g of peat - "
-+ <" (with a water content of 0.137 g) with 20 ml bf astock

Lo background electrolyte (sodium chloride). Hydrogen'
. vion associated with the peat was neutralized- by :

" solution. Calcium ion, cadmium ion, lead ion, and
-.-zinc ion concentrations were monitored with =<
-, appropriate radioisotopes.” Copper ion, coricentra-
" of peatin the absence of metal ion and in the presence,
*. amounts 10 times those indicated above to facilitate
*. six hours with continuous shaking. After standing . .

.. overnight, supernatant solution was assayed for pH -
and metal ion concentration. Each expenrnent wasin

‘et al. (1980). After purification the humic- acid *
) plotted versus the. degree of polyion . dissociation,

. Detailed characterization of the humic acid sample

" function of solution pH and electrolyte composition.

. "was extracted by-a single extraction, while less thana
- 'total of 4% of the carbon was solubilized with four

o 0.2 M sodium nitrate solution was 9.25% carbon
‘extracted at pH 4.8 'and 16.1 % carbon extracted at:

: Potentiometric titrations were performed by
adding 100 mg of humic acid to 36 ml of background -

nitrogen atmosphere. Following a standardized

.. potentiometric titration was defined as the titrant ’
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Ca batch type expenrnent One hundred milligrams-of

humic ‘acid’ was_added to, 36 ml of background
"olyethylene bottle After an

3 led and shaken for a per1od of
] equrhbrlum '

“aeid polyelectrolytes have beeri interpreted with a

modified form of the Henderson—Hasselbalch equa-
tlon (equatlon 1) o

‘_‘a) = pK ~ 0.4343 eWlkT
= K, (app) )

'log (oz/l

=te K is the 1ntr1nsrc a01d drssoc1atlon constant of

‘ the 1onrzable functional groups on the polyion, e is - -
" the- electncal charge of the mobile -ion; ¢ is the

electrrcal potentral at the surface-of the polyion, k is

'the Boltzmann .constant, and .T is the absolute

temperature The left hand side .of this equation

alpha (), extrapolated to zero degree of dissocia-
tlon yrelds as the ordmate _intercept the intrinsic

’ andblllustrated in the‘ prev10us paper (Marmsky and

Reddy, 1984) the apparent proton: dissociation con- "'
stant (i.e. PK; (app)) will, even-when there is no
functronal group heterogenerty, exhibit a marked pH

'dependence due’ to. the so- called “polyelectrolyte -

¢t7: The' polyelectrolyte effect is composed of two -
terms;-a constant representing. the intrinsic proton
binding propertres of the repeatmg funetional group-
(i.e.pK,), and a variable representing the increased
work néed to be dosie to remove a proton from a
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charged moiety, the —0.4343ey/kT term in equationv

(1), hereafter termed ApK.

calculated-at three’ dlfferent bulk electrolyte concen-
" trations using the ‘measured solution pH with equa-
" -tion. (1) varies dramatically over the course of each
_ titration. Plots do niot extrapolate to a single value
_ independent of ionic strength (Fig. 1). The Donnan

- “membrane potential term that prevails in these’

- systems (Marinsky et al., 1980) was used to estimate

-pK+p( AK)

‘Fig.” 1. A ‘potentiomeiri¢ titration of a peat in three

- different ionic strength solutions. The Henderson-Hassel-

balch function has been calculated using the measured

_.._\‘..s'olution- pH values. Note the ten-fold increase in-the

. ‘apparent (pK + P(AK)).and the intrinsic (pK, the ordinate

ntercept) acid (dissociation constant with a correspondmg
- 10~fold increase in ionic strength (Marinsky ez al., 1980).

“gel phase pH .values for use in the Henderson-
" Hasselbalch equationi. The results that were obtained
~in this way are presented in Fig. 2.
.. +The marked 1mprovernent in the correlation of the
: ;potentlometnc data ovér the course of the titration is -
: noteworthy, the ‘points. merge and extrapolate toa
" single, unique \ value of 4.05 for the apparent intrinsic
~acid dlssocxatlon constant. The inflexible peat matrix
‘maintains the volume of the gel phase fixed and
'j_mdependent of, the external solution ionic strength
~ over the complete neutralization range.
-, Variation in the Henderson——Hasselbalch function
" over the couirse of the titration is presumed to arise

o excluswely from the changlng charge on the organic

“polyion, as was the case for synthetic polyelectrolytes
_. (Marinsky and Reddy, 1984). This assumption, while
valid for synthetic organic polyelectrolytes, must be

X two phase system containing an aqueous phase_; e

soh'—Hasselbalch plot ofa peat‘ v
“two_ different “ionic strengths B

constant at ‘each experimental

et al 1980)

strengths Smce marked carboxylic a01d functional

an ex1st 1n peat samples this, -

The value of th free metal ion- concentratlon
within the gel’ phas (M™y), like, the value of the gel’
phase hydrouen ion concentration; is not amenable
to diréct measurement; However, its value can be
computed (Mannsky and Reddy, 1984).

Complexatlon of dlvalent metal ions by coordinat--
ing sites: within: thie. sphagnurn peat gel has been
expressed as.shown-bélow by comparing their com- -
petitionwith hydrogemon forthe catlon b1nd1ng sites
(Marlnsky et al; 1980) :

..?.,D" (3)

ions, respectwely Free metal (an) and hydrogen ion
concentrations:(ax): w1thm the gel-were computed:
from. th S ‘solution: coneéritrations with equation (3)
assurhinig'a 'Dorman equlhbnum exists between the
solution and the gel .

Metal ion- bmdmg processes for peat should : be.

similar to those oceurting in‘ synthe‘uc polyelectroj
lytes. Th predommant‘ ‘fon. processes that occur in - .."
metal:ion- carboxylate .containing weak acid .~

polyelectrolyte systems are ion condensation, due to
the high charge den y;ad]acent to: the polyamon-

peat and humtc matenals wh1ch are hkely to.bind to.
metali 1ons include: hydroxyl and carbonyl groups'and
the aromatic carboxylates and phenolics. We sought
first to establish whetheér binding of metal ion to peat
was independent of solution pH (over. the range 3-7).
The apparent absence of pH independent interac-.

aning as stown in Fig-'1. The . .

ith. & calculated- gel phase pH - t

and [HA] refer to gelfbound met'tl and hydrogen' S
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tions in this pH range eliminated the hydroxyl and
carbonyl groups from. consideration. The phenolrc
nd the seconcl carboxyhc moretres in any

“Equation (3) rnayL be rewritten as

" D = Buan/Bu. 4)
e Where BM(n)I and By represent the overall gel metal
*~. ion dnd proton binding constants, respectively. De-

J viation of By and BM(H) from their respective intrinsic

© - values-can originate'in one of two ways: from the ’

.. electric field due to the charged polyion at the site of

" redetion (i.¢. the polyelectrolyte effect), or from the

"+ structural heterogeneity -of the monofunctional car-
‘b_o_xylrc units in the natural material.

-~ Variation in the expetimental D value with chang-

E ing polyacrd neutralization should parallel the varia-

. tion inthe proton binding constant if electrostatic

effe_ct_s domrnate the reaction. A plot oflog D against

- 'the “Henderson—Hasselbalch function should then

’ 'give-a.straight line with a non-zero slope. On the

i‘.other"hand, if the characteristic shape of the Hender--

-~ son-Hasselbalch function plotted versus degree of

" "polyacid neutralization is due primarily to functional

. -group heterogeneity, then its influence on the

. ‘observed binding constant will be independent of the

. charge on the metalion, since it should influence both

metal ion and proton binding similarly. The value of

D in this case would be expected to remain relatively

. eonstant over the range of polyacid neutralization

- -examrned Indeed, the values of the divalent metal-

: hydrogen ion. competrtron functions so. measured

.. werg'relatively constant over the pH and neutraliza-

tion renge examined here (Marinsky et al., 1980). It

e ©: seems . that variation of the Henderson-Hasselbalch

... function ddring peat neutralization is primarily a
“o . miahifestation: of functional group heterogeneity.

. * Our data interpretation suggesting that polyelec-

‘ trolyte effects:do not régulate metal ion distribution

. ina ’at—aqueous solution system is consistent with

B ‘;;"1on binding measurements of a synthetic polyelectro-

olyte gel ‘For'a crosslinked- polymethacrylic acid-
: (PMA) gel (Marinsky and Reddy, 1984) the variation’

+ of ApK (—0.4343ey/kT) did not exceed 0.2 pK units

. 7 'over the neutralization-range (0.0-0.8). Gel cross-
o .lrnkrng ‘was' sufficient to leave an inflexible resin
.. product. As a consequence the gel volume was small
- and: the counterion -concentration: was hlgh High

* counterion concentrations within the gel phase effec-

- tively screened the -eléctric field ‘of the charged
polyion.matrix. This in turn reduced the electrical
potential at the complexation site and thus the

J. A. Marinsky and M. M. REDDY -

electrostatic correction term. The inflexible matrix- of
havesi in. much the same way The effectrve,

ionic strength) are-for cadmiumi, 4.X 10 zinc, 6 X
10% copper 4x 10%; and Iead 2 X 104

. Potentzometr propertzes of a humzc aczd

Potentro fic titration- data for a humrc acrd in
sodium nitrate solutions of different concentrations
(0.02,0:2 andZ 0.M) have been inter preted uising the
Henderso‘ —Hasselbalch equatron Results of this
analysrs the’ apparent pK as-a function of alpha, are
plotted forthe three different background electrolyte
concentrations'in Fig. 3. Each-point. corresponds to

“an equrhbnum pH of the solution phase during each

step-of the humic acid neutralrzatron This plot yields
two. curves that parallel each other and drffer by-0.9.
pK(, unrts g

~The superposrtron of the two lower curves in Fig. 3
suggests that the Donnan membrane potential term,
pNa~pNay; is nearly the same at both solution ionic
strengths This can'only happen if the water content
of ‘the humic acrd gel is such, that the ratio of the. -
concentratron of sodium jon in the gel and.solution is
about the sarme at both ionic strengths. An estimate
of the Donnan membrane potential term is approx-
imately 0.3 for both.0.2 and 2.0 molar sodium nitrate
background electrolyte concentratlons - With . the
most". dilute s6dium nitrate ‘solution” (0 02, M) the

Donnan riembrane. potentral term is estrmated tobe

approxrmately 0.9. The predicted separation of the
curyes; on this basis- is approximately 0.and 0.6 in' .
reasonable agreement with -observation. . ;

“The - assrgnment ‘of a value of 2.25-2.3 to the
apparent mtnnsrc acid drssocranon constant of the ...

Frg 3 Potentrometrrc titration. of a humrc acrd in’ three
differerit sodrum nitrate solution ionic strengths (Marmsky
et al., 1982).

y1ng the computed D value by ...
[ ,,xtrapolated 10 Zero’ degree of . .
. polyacrd neutralization (for 0. 01 and.: 0.001 equrv/l ‘
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humic acid functional groups, bvy extrapolation of the

lowest-curve in Fig. 3;until it intercepts the ordinate
axis, dlsregards the Donnan . membrane potentral ‘
term of . approxrmately 0.3 -and .a pK, valiie of

5—2 6 may be more correct Also 1f heterogene1t

- srte.

0.9-1 ‘ ] " proposed: reactio model was accompllshed by first "

'potentlometrlc t1tratlon cutve by “presuming three -
"different acidi¢ grotips with pK-values'of 3, 4, and 6,

E - respectively, to.be present at a molecular ratio.of 3 to
"+ 2'to 5 in'a-weak acidic molecular aggregate (Fig. 4).

The computed. points, on this basis, fall on an

experimental potentlometnc curve similar to that
'shown in Flg 3. '

(DK.a).appé‘reh(j ’ e

" Fig. 4. A, synthesized potentiometric titration curve.

-'selected to mimic the potentiomietric titration behavior of
the humic acid sample shown in Fig. 3. The apparent pK, as
a function-.of alpha was calculated assuming the -acid
.- functional groups attached to the polymer werein theratio 3

. 1072 to 5, and exhibited- intrinsic pK,’s of 3, 4, and 6,
L. reSpectrvely .

Divalent metal ion-bir'zding to iz ‘humic acid

. The two functlonal groups most- hkely to be
o _mvolved inthe b1nd1ng of metal ions by organic acid

" soil are aromatic carboxylates and phenohcs Their
_ arrangement in repeatmg functlonahty umts accessi-
ble to metal ion resembles most closely the two

monomer units sahcychc and phthalic acids (Schnit-

zer and Kahn, 1972). Marinsky et al. (1982) in their
approach to the analysis of divalent metal binding in’

* “humic acid therefore presumed that a monodentate -
complex, MHA?, involving the divalent metal ion .
" was the dominant species formed at the reaction sites

of the humic’ ac1d gel The reactron was expressed as o

showu R

©

‘By wntrng equation (6) in thrs manner, the source of

the AK, term in'the numerafor and denominator, if
. predominantly due to the electric field of the charged .

gel matrix, will cancel, giving
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[MHA*][HA YA t7>

I elatrvely 5'
to the solutlon th

: Wi"

yalue of Dj decreased as the:
on mcreased until a constant s
dependent of the amount of

Incorporatron .of a second brndmg site 1nto the._-

forcii .the resolu on of a constant value for D1
Additional copper ion bound to the humic acid gel ,

over and above that calculated from the forced value " . S o

of D; was assumed to be complexed at the second .
complexatlon site. This hypothetlcal site had to have
a much- stronger mteractron with copper ion than -
carboxyhc acid: srtes -and-its interdction with- copper,'
ion did.not depend. on the solution pH value. A plot.
of the’ loganthm of copper bound to these energetrc

sites .versus: the ‘logarithm of the free copper ion 1n, o

solut1on y1elded straight’ lines whose slopes -were

N umquely defined by: (1) the initial humic acid degree----

of neitralization | prior to addition of copper ion,.and
(2) the ionic strength of the solution. In each case the:

e -5 -4 -8
’ "‘-log (Cu free)vso[u(ion .

Fig. 5 ‘Copper ion binding to a hurhic acid expressed as the

log of copper ion bound to humic acid versus the log of the
free copper ion concentration in solution. Solid symbols are

for alpha = 0.2, and open:symbols are for alpha = 0.8; O— - ..
represents 2.0 M; A—represents 0.2M; and D—represents.' o

0:.02 M sodrum nit ate solutlon (Mannsky et al 1982)

same degree of site saturatlon was eventually reached

'(Flg -5). The saturation capacity corrésponded- to’i_ S

4:6% of the hydrogen iom capacity of the carboxyhc :

“acid- component of the humic acid sample.

The family of curves obtained by this data treat-

*-ment; inerge: ‘into-. one_ when the free copper ion .

1 at thé.site. of binding within the’ gel s’
assumed to depend xclusively on the electrical field -*

" emanating from the charged surface of the humic acid _

~gel (Frg 6). As we have already pointed out the bulk .

.. . concentration;of the free mobile counterions in ‘the -
[MHA ] + [HA _] +2[HT sodium mtrate_baclcground electrolyte concentration
“was 0.2 or 2.0-M:.The bulk- solution copper ion

solutron and gel phases were about. équal when the .

concentration could be thus multiplied by the square

~ of the AK, term defined at each alpha value by the

vertical drsplacement ‘of the potentiometric curve’
from the intercept vahie of 2.25-2. 3 at alpha =0 to -
compute this parameter.

, lv:‘amounts of cOpper ion added. P
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g 'IS’Q Cupoind

Frg 6. Copperron brndlng toa humlc acid whe the bmdmg :
. site in the gel is assumed. to:mimic the free-hydrogen ion

behavior in the 0.2.and 2. 0 molar-sodium nitrate solutions..
As in F1g 5 solid :symbols signify -alpha = 0.2:and open
symbols signify alpha = 0.8; O—rgpresents 2. oM; A—

represents 0.2 M; and D—represents 0.02 M sodium nitrate

solutron (Marmsky et al 1982)

The Frehndlich isotherm that this tredtment of the

data resolves (Fig. 6) can be inte'rpretecl_' with the
hypothetical reaction between copper ion and un- "

identified site, S, in the humic acid'gel matrix

Cu +28 = CUSZ @)

With copper ion bmdmg to two 1ndependent sites
(saturation capacity of these sites being twice that
_ determined by presuming a one-to-one binding of the
copper), the above reaction is consistent with the
isotherm in Fig. 6. Stability constants for the prop-
osed reaction has been estrmated by interpolating

points from the smooth curve in thrs Frgure (Marms-.

ky et al., 1982). :

Values of D obtamed with equatron (7). by forcmg
this approach at each ionic strength were: Dy = 1.6 X
. 10™*in 2.0 M sodium nitrate solution; D; = 3.3 X
10%in 0.2 M sodium nitrate solution; and D; = 3.4 X
10™*in 0.03 M sodium nitrate solution. The fluctua-
tion observed in D, at constant ionic strength was not

felt to be significant while the D; value dependence.

onionicstrenigth could be attributed to the absence of

: activity coefficient values for the copper ion at the"

three ionic strengths used. :

Estimate of the formatlon constant of the copper
ion-humic acid complex, CuHA*; can be made by.
" dividing Dy by the 'square of :the'intrinsic proton
dissociation constant. (i.e. pK, = 2.3). This yields a

- value of 1.8 x 10% for .the copper ion-humic acid

complex The magnitude of this constant is of the
same ‘order as for:other. monodentate carboxylate
: complexesw1th copper ion. For example the salicylic

acid—copper-ion stability constant is2.4 X 101 (Sillen ..

 and Martell, 1964).

Interaction of copper ion wrth ahumrc acid appears :

. to result in the forrnatron of two separate species
-within the gel matrix. The ﬁrst _species formed
exhibits reaction characterrstrcs whrch are indepen-
" dent of solution pH and which require the interaction
of two sites on the humic acid matrix simultaneously
" with each copper ion.. The number of suich sites is
approximately 9% of the accessible hydrogen capac-
ity. The second complexation-reaction proposed is

RECAPITULATION

able to.d statlstlcal parameter which arises from the

treatment of all carboxyhc functional groups in an’
equlvalent mahner whether or not they are in fact °

'ratros chffer one from another as Kl, K,

K3, an'd'so on.: The vanabrhty of each unique '

constant, K,, arising from this perturbation source.

The second possible source of deviation in the -

potentrometnc plots is electrostatic in nature. In this

casé; the. intreasein pK, with alpha. is due to the .

increasing electric field as the charge of the gel

surface incréases and enhances the concentratlon of

mobrle ions-at the site of reaction.
With" heterogenerty as the primary source of pK

drversrty i humiic- acid, the equilibrium between -

less selectrve than the first, and is attnbuted to the

complex of copper.ion with.
xylate. functional groups within'" -
atrix: The formation:constant for::. -
r.to. that- observed. for ‘other
. complexes: with .carboxylate

coiistant varrabrhty has ‘two
)s in-the gel.- First the humic acid[*
e+ expected to have a number of
molecular -combinations of carbon, hyd- *
C d. oxygen atoms attached to the repeating
‘ carboxyhc acid units with different intrinsic dissocia-
tion constant behavior characterizing each particular .
assemblage Inabrhty to quantify this aspect has.’ -~
requrred the-combination of all carboxylic acid- -
groups dn applymg the Henderson—Hasselbalch'

binding sites arid ions other thanhydrogenionshould - N '

be ndependent of electrostatic factors. Stability -
constants for the competing equilibria should as a

consequence be independent of the charge of theion,

and should mimic the pattern observed for the acid AR
equrhbrlum 1f however, the deviation term in the .
apparent acid dissociation constant has to be squared '

the source of deviation is primarily electrostatic in.. ;-
‘and the- énhancement of ion concentration at . -

the Teaction. s1te will be a fanction of its valence. .

Copper complexatron by the humic acid gel -was . -
nodelled by. incorporation of an elec-...
trostatic: correctron term based on the “polyelectro- - -
Iyte effect” ThlS fesult was unexpected since data for -/: o

successfully

peat suggested that functional group- heterogeneity

would: be the-primary source of divérsity in ion-
: blndmg constants This leads to a final aspect to be . -
.examined concerning the differences in proton and

metal-ion binding between peat and humic acid: (1) it
is possible that the peat and the humic acid have
developed significant differences between carboxy-
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laté functionalities present in each sample because of

source materlal differences and/or formation condi-
“tions and 2) sample preparation and pretreatment K
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