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Abstract An examination of negative charge
distribution among solid soil phase components and its
relations to pH of the equilibrium solution was con-
ducted by model experiments on clays separated from
selected acidic soils. It was noted that negative charge
blocking by iron and aluminium oxides occurs, with the
most pronounced effect in brown and podzol clays. On
the basis of measured values of sample charges before
and after removal of organic matter the organic matter
charges were calculated to have a more linear pH de-
pendence than that seen for natural clays. This effect is
attributed to the presence of positive charges in the
clays investigated.

INTRODUCTION

Negative charges occur in soils as per-
manent and variable (pH dependent) char-
ges. Their magnitude and character depend
on the presence of particular soil compo-
nents such as organic matter, iron and alumi-
nium compounds and clay minerals. The
main physicochemical parameter governing
the quantity of surface charge is pH of the
soil equilibrium solution.

Permanent negative charge is present in
crystalline clay minerals and it is due to lat-
tice defects and impurities. The quantity of
permanent charge is not equal to the sum of
lattice defects since part of them may be
compensated by specifically adsorbed interla-
mellar cations as e.g., potassium in the case of

illite and hydrobiotite [4]. Permanent
charge is pH independent until the destruc-
tion of the mineral lattice occurs.

Soil organic matter contains numerous
functional groups able to undergo acidic
dissociation. A soil solution pH increase
leads to the neutralization of organic protons
causing negative charging of organic sur-
faces. Due to the broad range of dissociation
constants, the negative charge of organic
matter depends almost lineary on pH [5].
A somewhat artificial division of organic func-
tional groups can be made, such as strongly,
moderately, and weakly dissociated [1].

Charging of organic matter may also be
caused by the neutralization of aluminum ions
complexed by organic functional groups [9].

Variable negative charge in soils can be
also due to the neutralization of Al and/or
Fe polymeric ions adsorbed on the internal or
external surfaces of clay minerals [6,7,12].

Negative surface charge occurs also on
soil constant potential components (€.g., s€s-
quioxides) above the point of zero charge [3].

The purpose of the present work was
the examination of negative charge distribu-
t:on among solid soil phase components
and its relations to pH of the equilibrium
solution.
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MATERIALS AND METHODS

Materials under investigation consisted
of six sodium forms of soil clay fractions se-
parated from Polish acidic soils of different
origin. The characteristics of the soils and
their clay separates is presented in a previous
publication [8].

Natural clay fractions were pretreated
for subsequent removal of organic matter,
iron oxides and aluminium oxides. This was
followed by the adjustment of samples to
different pH values according to the scheme
given in the previous publication [8].

From the samples adjusted to different
pH values exchangeable cations were ex-
tracted by double equilibration with a N ba-
rium chloride solution. After washing with
distilled water, samples were equilibrated
five times with 0.01 N BaCl, solutions which
were at the same pH as the given sample.
The 0.01N barium chloride solution was ad-
justed to the pH of the sample with either
0.01 N HCl or saturated Ba(OH), solu-
tions. For these samples the quantity of

exchangeable barium (BaJW) was determined
by extraction with a N lantanum chloride solu-
tion and AAS measurement.

RESULTS AND DISCUSSION

The quantity of BaJW measured was
taken as the value of the negative surface
charge (g-). It was assumed that the exchange-
able hydrogen could be neglected [3,14] and
that ‘mobile’ aluminium was removed during
the pH 3 cleaning step (see [8]).

The value of the negative charge of the
natural clay fractions as well as the clay frac-
tions after consecutive removal of organic
matter, iron and aluminium oxides are given
in Table 1.

The negative charge of those fractions
investigated increased with a pH increase.
The highest increments were observed for
samples containing organic matter (natural
clays), and particulary above pH S. This ef-
fect has been interpreted by many authors
as the strong increase of organic matter ex-
change capacity at high pH’s [10,13].

Table 1. Negative surface charge values (cmol nl kg'l) of clays investigated as it depends on pH

pH 1A 1B 1C 1D 2A 2B 2C 2D 3A 3B 3C 3D

30 247 243 249 262 229 210 226 251 509 450 492 625
35 26.4 252 267 283 235 204 229 255 536 475 510 641
4.0 312 2719 291 300 242 210 232 258 589 489 535 67.0
45 376 291 380 370 269 218 235 261 645 496 542 689
5.0 41.6 330 316 324 302 223 237 264 711 518 567 706
6.0 493 314 323 329 381 225 239 270 87 541 603 709
70 624 331 329 335 448 236 243 274 932 592 635 70.9
8.0 753 347 338 340 506 258 252 279 102 624 659 720
85 813 356 342 346 S43 277 261 28.2 108 637 668 726
pH 4A 4B 4C 4D 5A 5B 5C 5D 6A 6B 6C 6D

3.0 243 219 228 243 404 403 444 S00 180 154 178 218
35 26.1 222 233 244 415 418 450 507 187 156 180 220
4.0 312 227 242 250 435 424 458 512 192 159 184 228
45 36.1 236 249 256 460 429 461 524 203 160 188 234
5.0 394 248 258 264 510 436 462 528 226 164 190 239
6.0 462 252 265 270 S85 445 473 526 289 170 202 245
7.0 599 27.1 27.2 278 637 468 489 532 324 176 213 245
8.0 73.0 285 286 289 701 477 509 540 350 205 227 249
85 820 292 290 292 732 491 515 545 369 213 233 249

Explanations: 1-Mollic Gleysol; 2-Eutric Cambisol; 3-Eutric Cambisol; 4-Stagnogleyic Phacozem; 5-Orthic Luvi-
sol; 6-Podzoluvisol. A-natural clays; B-after organic matter removal; C-after removal of iron; D-after removal

of aluminium.
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It appears that, by knowing the value of
the negative charge for samples containing
organic matter and for the same samples
after organic matter removal, together with
the amount of positive charge, the amount
of negative charge of only the organic mat-
ter present in these samples can be evalu-
ated. It is neccesary to assume that, at a
given pH, the charge of organic matter
(qOM) is equal to the negative charge of
the whole sample containing organic matter
(gNAT), minus the negative charge of mine-
ral constituents present in this sample
(gMIN) plus the amount of negative charge
of the organic matter which is neutralized
by the blocking of positively charged sur-
faces (gOMB):

qgOM =gNAT -gMIN + qOMEB (1)

If it is assumed that positive and nega-
tive charges of mineral constituents are the
same for natural clays and clays after remo-
val of organic matter (per mass unit) then

gMIN = gOMR (1 - %OM/100) (2)

where gOMR is the sample negative charge
after organic matter removal and %OM is
the percentage of organic matter in the sample
and

gOMB = ¢, oMR(1-%0M100) 9+NAT
)

where ¢+ OMR and ¢ NAT are positive
charge values for the sample after organic
matter removal and for the natural sample,
respectively.

Values of organic matter charge calcu-
lated according to formulas (1), (2), and (3),
using values for positive charge from a pre-
vious publication [8], are presented in Fig.1.

In Fig. 1, it can be seen that increments
of negative charge of organic matter for e.g.,
one unit of pH are far more uniform than
the increments of negative charge of the
whole clay fractions containing organic mat-
ter. This agrees with the results of many

authors, that the charge of organic matter
lineary increases with pH [2,11].

In Fig. 1 one can also observe significant
differences between charge characteristics of
organic matter from different soil materials.
This is probably related to the presence of
different functional groups and their
relative amounts. For brown soils (samples
2, 3, and 5), organic matter charge depen-
dence on pH is similar. At pH 3, the negative
charge ranges between 1.3 to 1.8 cmol n'lg!
increasing lineary with a slope of 0.7 per one
PH unit. For black earth soils (samples 1, 4),
the charge at pH 3 is about 0.5, and at low
pH values it increases slowly (about 0.25
per pH unit). However, above pH 6, the
slope increases to 0.8. The highest value of
charge at pH 3 is noted for a podzol
(sample 6). For this sample the charge in-
crease with pH is the greatest. It can be con-
cluded that there exist a strong dependence
on organic matter characteristics and the
dominant soil forming processes.

In low pH range the negative charge of
natural clays increases more slowly than in
high pH range (see Table 1). It appears that
this phenomenon may be attributed to elec-
trostatic neutralization of positive charge,
which magnitude is particulary high at low
pH range, by negative charge of organic
matter. This confirmes the role of positive
charges in blocking soil organic matter
charge.

The negative charge of samples contain-
ing no organic matter is the highest for sam-
ples after iron and aluminium removal. It is
strongly manifested at low pH values. This
can be attributed to the blocking of clay
minerals negative charge by iron and alumi-
nium oxide coatings. The influence of Al
and Fe compounds on charge blocking is
the most pronounced in brown and podzol
soil (samples 2, 3, 5, 6). In the case of iron
compounds, the charge blocking may be
caused by amorphous forms of iron oxides
because the surface area per unit mass of
iron compounds is the highest in these sam-
ples. In the case of aluminium compounds,
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Fig. 1. Negative charge of organic matter in the clays investigated as it depends on pH. Curve numbers equal the

numbers of the soils and clays investigated (see Table 1).

one addjtional mechanism of charge bloc-
king can be taken into account for samples 3
and 5. Since these samples contain high
amounts of montmorillonite (smectites), the in-
terlamellar spaces can contain Al polycations
necutralizing part of the permanent negative
lattice charge.

CONCLUSIONS

1. Negative charges of the clays investi-
gated are mainly due to the charges on both
organic matter and clay minerals.

2. The phenomena of negative charge
blocking by iron and aluminium oxides were
observed, having the most pronounced ef-
fect in brown and podzol clays.

3. On the basis of values of negative and
positive charges for samples before and
after removal of organic matter, the organic
matter charge was calculated as having a
more linear pH dependence than was seen
for natural clays. This effect is attributed to
the presence of positive charges in the clays
invesigated.
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- DYSTRYBUCJA UJEMNEGO LADUNKU
POWIERZCHNIOWEGO WE FRAKCJI
KOLOIDALNEJ GLEB NA TLE ZMIAN pH

Badano zalezno§¢ od pH oraz rozkiad tadunku
ujemnego pomigdzy poszczegéine komponenty fazy
statej dla frakcji koloidalnych wydzielonych z wybra-
nych gleb kwaSnych Polski. Stwierdzono, 2e w badanych
prébkach tlenki i wodorotlenki 2elaza i glinu blokuja
powicrzchniowy tadunck ujemny, co jest najbardziej
wyraZzne w glebie brunatnej i ptowej. Na podstawie uzy-
skanych wielkodci tadunku powierzchniowego przed i
po usunigciu z prébek materii organicznej obliczono
wielko$ci tadunkéw powicrzchniowych dla samej mate-
rii organicznej. Zalezno&¢ tadunku samej materii orga-
nicznej od pH miata bardziej liniowy charakter niz w
obecnoéci sktadnikéw mineralnych, co wskazuje na rolg
fadunku dodatniego sktadnikéw mineralnych.



