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Dissociation constants of four monomeric molecular models of lignin and equilibrium constants of complex with
iron (lll) have been determined from potentiometric measurements

The mobility of dissolved organic compounds as lignin mayhydrogen bonds may be present between the phenolic hydro-
significantly influence the mobility of transition metals in gen and the methoxy oxygen in ferulic and sinapic acids and
soill Organic complexes have long been recognized to havéhis may influence the protonation constants of the phenolic
an impact on migration of metals in sdithat is why knowl-  group. But the K, values of these three monomeric units are
edge of complexation and sorption process of metal cationsurprisingly very similar (see Table 1). However, fraa
such as manganese (ll), iron (Il1) or copper (II) by lignins andsubstituent notably affect the acidity of the phenolic group. In
their degradation products in soil is the most promising prop<act the acidic derivatives have lowef gvalues € 8.7) than
erty to be evaluated in recent yeafdvioreover the acidity of  alcoholic derivatives (9.05). This can be explained by the elec-
carboxylic and phenolic groups in lignin is extremely impor- tron withdrawing effect of the carboxylic group. The variation
tant in many areas of wood chemistry. In this paper we havén the carboxylic acidity of the three acids is also interesting
studied in agueous solution the protonation constants and th@ notice. Coumaric acid has a lowét pvalue than ferulic or
complexing ability of lignin model compounds towards man- sinapic acids The electron donor character by inductive effect
ganese (Il), iron (Il1) and copper (I1): (Scheme 1). of the methoxy function probably can explain these values.
Precipitation which occurs at pH5 and 6.5 for copper and
COOH COOH COOH CH,0H manganese respectively, before any complex formation, pre-
vents the determination of equilibrium constants. Analysis of

/ / the precipitates show the presence of metal hydroxides. For
Fe** ion, complexes appear before precipitation of hydroxide
occurs. Neutralization curves of metal — ligand systems were
OCH;  CHO OCH, OCH; fitted by using the dissociation constantX (p values and
OH OH OH OH

taking into account the hydroxo-complexes Fe(&H)
Fe(OH)," and Fg(OH),*" in order to determine the stability
constants (see Table 2).

Distribution curves obtained from the stability constant values
(Fig. 1) show the presence of a very large amount of complexes
Complexity of the lignin structure has led us to work at first 2V0iding the predominant presence of hydroxo-species. The for-

mation of these species is negligible above pH = 4. The titration

with these simple model molecules. These ligands form simi- ) it the th id i h ;
lar complexes to the natural lignin molecules. In a later work SUrves obtained with the three acid ligands show an important

we shall study the complexation of metal cations with firStstep which s consistent with the FeEel, or Fel;* com-
oligomer molecules, obtained by condensation of monomers?!€xes. At higher pH values, for a best gltratlon curves fitting,
and finally with lignin extracted from soils. A few stability Mixed complex appears such as RelH)y-~ for ferulic acid
constants of second and third transition row metals with(PH2 7.5) or FeL(OH),* for coumaric acid and coniferyl alco-
o-coumaric acid have been briefly described in the liter&ture. N0l (PH=8). On the other hand a precipitate is formed with
Protonation constants of ligands and equilibrium constants ofinapic acid (pk5.5). This is surprising because the overall
the complexes (25 °G= 1 KNO,) were determined by fitting stability constants listed in Table 2 reflect the high stability of
the protometric titration curves with the program Profeifie  Fel, and Fels*~species. In the pH range corresponding to soils
study of ligand — metal complexation equilibria requires the (5 <PH <9), these monomeric models of lignin are present as
determination of the acidity constants of the ligands, whichifon complexes or mixed hydroxo-complexes. In order to
were obtained from protometric titrations with KOH 0.1 mol
L-1 until pH =9 because of decomposition of the compoundsTable 1 Protonation constants of model compounds?®
(C_ from 2x 10* to 1x 10°mol ). The constants are (25°C, I =1M KNO,)
listed in Table 1 as well as the values obtained from literafure.

coumaric acid  ferulic acid sinapic acid coniferyl alcohol

Scheme 1

Ut model compounds pK pK pK pK

The (K, values of the three acidic model compounds could 21(COOR 2208 il 2

be expected to be slightly different, because the methoxcoumaric acid 4.31(0.01) 8.73(0.04) 6.25° 9.50°

group is a good electron donor. Moreover, intramolecularferulic acid 4.46(0.02)  8.71(0.02) 9.39°
sinapic acid 4.40 (0.02) 8.76 (0.04

coniferyl alcohol - 9.05 (0.04) 9.53¢

* To receive any correspondence. E-mail: emmanuel.guillon@univ-reims.fiava|ues in parentheses represent estimated standard deviations

T This is a Short Paper, there is therefore no corresponding material ii95%) confidence). PRef. 10 (I = 0.125 NaC10,). °Ref. 11
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Table 2 Log of equilibrium constant values for Fe3* -monomeric model ligands?

Equilibrium Coumaric acid Ferulic acid Sinapic acid Coniferyl alcohol
(pH = 9)b (pH = 7.3)° (pH = 5.5)° (pH = 11)P

Fe3* + L = FeL 10.91 (5) 13.72 (5) 12.30 (6) 13.4 (2)

Fe3+ 2L = Fel, 19.82 (4) 18.59 (6) - 23.42 (2)

Fe3* + 3L 2 Fel, 25.79 (8) - - 32.2(2)

Fe3* + 2L + OH- Z Fel, (OH) - 10.64 (7) - -

Fe3* + 2L + OH- = Fel, (OH), 4.6 (1) - - 7.1(2)

aValues in parentheses represent estimated standard deviations for the last significant digit (95% confidence ); charges are omitted
for simplicity. PpH of precipitation.
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Fig. 1 Distribution curves of the Fe'l- coumaric acid complexes
(C,=5 x 10*mol I", Cee=1X 104 mol I, 16
(1) Fe3+; (2) FelL*; (3) Fel, (4) FeL33'; (5) Fel, (OH)23'; (6) Fe(OH)%;
(7) Fe(OH),*; (8) Fe,(OH),*.

-20

compare the complexing ability of the different ligands towards__ . . o
iron (111), we plotted in Fig. 2 the logarithm of iron (lll) molar  Fig: 2. Plots of log ([Fe**1/C,) as a function of pH (C, = 10
fracti functi f oM f h ic i d. The ol 1mol I7; C, = 5 X10™* mol I! for monomeric ligands) : (x)
raction as a runction of pH for each monomeric igand. 1he plol,,, maric acid, (/\) ferulic acid, (O) sinapic acid, (CJ) coniferyl
shows clearly the greater chelating ability of coniferyl alcohol 5icohol.

than the acid compounds from very strong acidic mediun

(_pH <1). While coumaric _a(_:'d become_s the mOSt Complex'ngwith a solution containing KC1 of a concentration of 0.1 mbahd
ligand among the three acidic monomeric species above pH = KNO, 0.9 mol . The procedure and apparatus used have been pre-
ferulic acid and in minor importance sinapic acid are better ironviously described! The ratio R =C, /C,, of total ligand to total metal
chelators in acidic medium. In addition, exactly same resultgoncentration were used from 1 to 10. The metal-ligand systems were
were obtained with compounds in which the carboxylic acidstudied from metal concentratioi, ranging from 1x 10 to

: : ; X 10 mol I
function was substituted by an ester group. This suggested a p "ComputationsProtometric data were processed by the computer pro-

nolic oxygen qurdlnatlon mode ,Wh'Ch PrOb‘?‘b'Y ,'nVOlVEd_the ram Protgfin order to obtain the best-fit chemical model and refined
methoxy group in the case of ferulic and sinapic acid or conlferygtabimy constant§,_, (B, . refers to the species MH,; a negativén
alcohol. Furthermore, these compounds have greater stabilityalue refers to therﬁydroxy ion). The program Protaf, which is based on
constant values (ferulic acif;,,=13.72, sinapic acid: the weighted least squares of the residues of the experimental variables

B,;0=12.30 and coniferyl alcohop;,,= 13.4) than coumaric acid (volume 0}: _titr'Tlné,_ le)S%IIow_s a fsidmultanelous proHcessing of ten titra-
(B,4,= 10.91), which is consistent with this coordination mode, 1S €ach including 150 pairs of data (volume, pH).
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