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Introduction

The roles of soil surface charges are greatly
significant on many physico-chemical properties
of soils such as water and plant nutrients holding
abilities, soil colloidal stability, soil aggregate
stability and subsequent resistance to soil erosion.
It is well known that the retention of plant
nutrients depends on the signs and magnitudes of
surface charges associated with various soil con-
stituents, that is organic and inorganic colloids.

There have been many studies on the surface
charges of clay particles, sesquioxides!~® of
some oxisol and alfisol in the tropics® ® and of

aridsol and inceptisol from Hawaii.'® Choi and

his coworkers have investigated the application
effects of clay minerals such as zeolite, montmo-
rillonite on the purpose of increasing the water
and plant nutrients holding capacities of soils.}1~%
Voss and Park!$1® suggested that clay minerals
and organic matter contents in soils can play an
important role in its surface charge characteris.
tics.

As mentioned above, many studies for surface
charge were carried out in the soil with a low
level organic matter contents or clay minerals.
However, little is known about surface charge
characteristics of organic matter. Therefore, this
investigation was undertaken to study the distri-
bution of the surface charges in two peats and

their physico-chemical properties:
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Materials and Methdds

1. Samples

The two peats which were originally located
under the different depth conditions buried were
used in this experiments. The general analytical
methods of samples were carried out on the
techniques described by Choi'”. Constituents of
major minerals in the soils were identified by
X-ray diffraction technique with' JEOL X-ray
diffractometer JDX-8E using the Cu Ki radiation.
Values of Alog K, as the index of huminification
degree, were evaluated with the humic acid
powders which extracted from the peats and
freeze-dried'®.

Table. 1. Prescriptions of the peats used in the

experiments
Buried Layer
No depth Location Drainage  height
{cm) (cm)
P-A*¥ 280 Yeongyang Kun Well 25~30
Kyung Pook drained
P-B* 0-10 Peongtack Kun Imperfectly 60~120
Kyung Gi drained

*P-A, P-B: Peat-A, Peat-B

2. Acid-base titrations

1) Titration procedures

0. 5gr of peat samples was weighed into 100ml
beakers added 20ml of three concentration of
NaCl solution (IN, 0.1N, 0.0IN). The pH was
adjusted to 2.5-3.0 with 0. 1N HCL Then the
suspension was titrated with 0. IN NaOH solution
being stirring on a magnetic stirrer during titra-
tion. The titrants were delivered from microbur-
ette with the speed of 0. lml every two minutes.
Corning pH meter(Model 7) equipped with a
glass-calomel reference electrode pairs was used
to measure the pH. Blank titrations were carried
out with the same volume of the NaCl solution
and the amount 0. IN NaQH solution consumed
at a given pH. The amount of NaOH consumed

by the sample, at any given pH value, was taken
as equal to the amount of NaOH added to the
suspension minus the amount of NaOH consumed
to bring the same volume and the same concen-
tration of NaCl solution to the same pH. The
ZPC was considered to be the common intersection
point of the titration curves carried out in the

presence of three concentration of NaCl solution.

2) Determination of acidic group contents and
pKa values

The contents of the acidic group of samples
were determined by applying the linear titration
plots derived by Mc-Callum and Midgley'® in com-
bination with Gran’s plots?®.

In order to obtain pKa values for the acidic
functional groups, the Henderson-Hasselbalch plots
were used.

pH = pKa+n Iogfm%%—ﬁ—
where, At: total contents of weakly acidic or

very weakly acidic functional
groups.

f: degree of neutralization.

n: correction parameter of Henderson-
Hasselbalch plot.

Ka: acid dissociation constant.

2. Ion adsorption measurements

For the determination of the distribution of
positive and negative charges as a function of
pH in 0. IN NaCl, the following procedures were
carried out.

3g of oven-dried samples was added to 50ml
polyethylene centrifuge tube. Varing quantities
of dilute HCl and NaOH were added to the
centrifuge tubes with 25ml of 0. 2N NaCl. Distilled
water was added to fill up 50ml such that the
final concentration of NaCl was 0.1N. After 3
days with continuous strring, the tubes were
centrifuged. The supernatants were used for pH
measurement and determination of the contents
of Na*, and CI".

The charge distributions in the presence of
0.1N CaCl, were evaluated as the described
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Table. 2. Physico-chemical properties of the peats used in the experiment.

0.03N NH,F

pH*
Ash O.M. T-N C.E.C
e — J ) L
M e T xaL B G e ON smble i)
P-A 6.4 5.6 57.66 43.3 0.927 27.04 16.3 74.5
P-B 4.3 4.0 46.25 53.7 0.759 40.31 12.6 78.6
Exch. cations (me/100g) Texture(%) Surface
area Mineralogy**
K Na Ca Mg Sand Silt Clay (m?/g)
1.07 0.68 17.86 8.76 9.66 16.75 31.2 218. 36 Qz)) It=Fd
0.9 0.71 14.94 8.14 0.25 18.7 27.2 201.72 Qzy) It=Kt=H.H
*Solution : Sample = 2.5: 1
*¥Qz : Quartz, H.H: Hydrated-Halloysite, It : Illite, Fd : Feldspars, Kt : Kaolinite

above. Sodium and calcium were determined
with a atomic absorption spectrophotometer and
Cl” by titration method®”? with 0.05N AgNO,
in the presence of K,CrO, as the indicator.
The amount of ions adsorbed by the soil sample
at any given pH value was taken as equal to
the amount of the ions added to the suspension
and the exchangeable ions of the soil samples
minus the amount of the ions of the supernant

of equilibrating suspension.

Results and Discussion

. 1. Physico-chemical properties of sample

The inorganic matter contents of samples
were 45~60% and P-B sample contained more
organic matter contents than P-A sample which
located at subsoil layer (Table 2). P-B sample
had less surface area than P-A sample, however
the CEC of P-A sample was rather higher than
P-B sample. Therefore, P-A sample contained
high contents of inorganic matter which had
low CEC value.

The clay fractions which extracted from the
peats by the pipetting method'™ was saturated
with Mg or K after removal of organic matter,
Fe, soluble Al and Si (Fig. 1,2). The X-ray
diffractogram patterns of the two soils showed
almost the same. On Fig. 1,2, it is noted that

quartz were dominant in both soils, and showed
only barely detectable quantities of 1: 1 type or
2 : 1 type clay minerals, that is, illite, kaolinite,
hydrated-halloysite and feldspars.

2. Acid dissociation constants (pKa)

The contents of the total titratable functional
groups of organic matters was determined by
applying the linear titration plots derived by
Mc-Callum and Midgley!®.

At the beginning of titration(Jower pH region),

equation (1) was used as follows.

334
‘Mg- glycerol
00 708 506 B v
| Mg-air dry|

K-S50°C |

| K-air dry

5 10 15 20 25 30
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Fig. 1. X-ray diffractograms of the clay frac-
tions of P-A sample
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Fig. 2, X-ray diffractograms of the clay frac-
tions of P-B sample
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Fig. 3. (V,+V)[H*] plotted against the amount
of 0,1N NaOH in the initial stage of
titration (0, INNaCl)

Vo+VI(H*I = m(V,—V) €))
where, V, : initial volume of a mixed acid
solution.
V : volume of titrant base added.
V, : volume of titrant base equivalent
to the strong acid.
m : concentration of titrant base.
As shown in Fig. 3, volumes of titrant base
added equivalent to the strong acid were 2, 4ml
(P-A) and 1.6ml(P-B). On the other hand, at

— 4 — BB LB EEE 3048 (1987)
A 334
15% 169}
pP—A
;:E 10¢
= P8
Zs
o
o/
/ )i
o AL d N
LI § 869 0
0IN-NaOHadded { ml}
Fig. 4. (V,+V)[OH"] plotted against the amo-

unt of 0.1N NaOH in the final stage
of titration (0. INNaCl)
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Fig. 5. ApH variations plotted against the
amount of 0,1N NaOH added in the
titrations of titrates mixtures (0.1NNaCl)

final stage of titration (higher pH region), the
following simplified equation (2) was used.
(Vo+V)(OH"] = m(V—V.) @
where, V, : initial volume of a mixed acid
solution.
V : volume of titrant base added.
V. : volume of titrant base equivalent
to the total acidity.
m : concentration of titrant base.
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Table. 3. Chemical properties of the peats and their Alogk

Tpt.al _Weakly Very weakly
Sample acidity acidic group  pKa, acidic group pKa, Ka, - Ka, Alog k*
(me/g) (me/g) (me/g)
P—A 0.973 0.426 3.9 0. 547 9.15 8.035x1071 0. 825
P—B 1. 257 0.588 4.05 0.699 8. 60 1.995 %1073 0.968

* rlog k : Huminification degree of humic acids extracted from peats.

6. 4m/(P-A) and 8. 6m/(P-B) of the base added
consumed by the total acidic groups of organic
matter of peats.

The curves of pH plotted against each portion

of the titrant strong base added was shown in.

Fig. 5. With the addition of bases and the con-
sequent rise in alkalinity, first the hydrogen from
the carboxyl groups and then the hydrogen from
the phenolic groups ionizes and is replaced by
other cations?®. The amount of titrant base that
corresponded to the range from the initial point,
S in Fig. 5, up to the point where the variation
of pH reached a maximum on the titration curves
(pH max.) was considered to be a contents of
the weakly acidic functional groups, that is,
carboxyl groups. The titrant base that corres-
to the final
end point was considered to be a contents of the

ponded to the range from pH max.

very weakly acidic functional groups which are
phenolic, alcholic hydroxyl groups.

A Henderson-Hasselbalch plot was shown in
Fig. 6; it indicated that pKa values of the acidic
functional groups were 13, 1(P-A) and 12, 65(P-
B),
sample was stronger than P-A sample. As shown

in Table 3, AlogK value of P-B sample was

3 pha 915 /@‘ 460

N pHEG~~—~- 7 L OHES = o

P-A /
. pKa=395 L
T

1 -1
109AY8 s H*
Apf-8)-[ H*]

and the acid dissociation degree of P-B

Fig. 6. Henderson-Hasselbalch plots of peats.

largers than P-A sample. Therefore, huminifica-
tion degree of organic matter in P-B sample was

higher than P-A sample.

3. Surface charges determined by potentio-
metric titration

Titration curves of these peats measured on
the methods described by De Bryun and Park®
were as follows.

As the Fig. 7,8, the titration curves at different
concentration of NaCl solutions crossed at pH
4.15 and 4.4 in P-A sample, pH 3.8 and 4.0 in
P-B sample. De Bryun and Park suggested that
at the pH of intersection point of titration curves
the amounts of the adsorbed H* or OH™ on the
surface would be equal, and then the total
net charge may be showed the zero.? Despite of
consuming of only a small fraction of titrant,
pH value of suspensions increase significantly in
the range of pH 6.3~7.4. These results suggest
that the pH value of the suspension may increase
by the adding of titrant, while there is the little

§1.2

(R-A, 0.59/20miNaCl)

N
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S o8 01N
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206 Q01!
S 0.4}
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23 4 5 67 89
pH of suspension

Fig. 7. Acid-base titration curves for the P-A
sample.
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Table. 4. The amount of surface net charge of peats in 0. 1IN NaCl and CaCl; solution

- Net - Net
Na* Cl Catt Cl

Sample  pH charge pH charge

(me/g)  (me/g)  (perey (me/g)  (me/®)  (pe/gy

P—A 3.40 0.017 0.073 +0. 057 3.25 0.025 0.079 +0. 054
4.15 0.034 0. 069 +0.039 3.50 0.033 0. 069 +0. 036
4,55 0.04 0. 045 +0. 005 3.95 0. 055 0. 057 +0. 002
5.20 0.051 0. 049 —0. 002 5.70 0.183 0. 038 —0.145
P—B 3.60 0.063 0.134 +0.071 3.35 0.083 0. 156 +0.073
3.80 0.08 0.116 +0. 036 3.80 0. 108 0. 151 +0. 043
4.15 0.121 0.120 +0. 001 4.15 0.117 0.114 —0.003
5.40 0.126 0.10 —0.026 4.40 0.133 0. 069 —0. 064

H* dissociated from the sample. This phenomenon
have coincide with Choi's report?®.

)
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Fig. 8. Acid-base titration curves for the P-B
sample.

4, Surface charges determined by measure-
ment of ion adsorptions

The results of the direct measurement of posi-
tive and negative charges by measurement of the
adsorption of cation and anion in (. 1N CaCl;
solutions were as follows (Table 4).

As the above, net charges of the surface were
changed from positive to negative between pH
4.55 and 5.20(P-A), pH 4.15 and 5.40(P-B
in 0. IN NaCl solution. These results showed that
the ZPC obtained by the ion adsorption measure-
ment was higher than that by the potentiometric
titration (Fig. 7,8). In. the case of 0.1N CaCl,

solution, the sign of the net charge of two peats
was changed at the pH 3.95~5.70 and pH 3. 80
~14, 15 each other. For the ZPC -of predictive
value, it ought to be fairly constant. However,
depending on the nature of the supporting elect-
rolyte, considerable shifts in ZPC have been
reported. 2428

With Na,SO,, it moved to higher and with
CaCl; to lower values in comparison with NaCl
The results of this study showed that ZPC of in
0. IN CaCl; was lower values than that of 0. 1N
NaCl. It can be supposed that this phenomenon
may results from the specific adsorption of Ca**,
Therefore, ZPC value which positive and negative
net charges of the surface lead to equal may be
pH 4~5. Park, Posner and Breeuma found that
ZPC values of kaolinite, crystalline Fe oxides
and Al oxides were pH 3.3~5.0, pH 6.6~6.7
and the above of pH 7.7, respectively.®*?®

In general, it was reported that the presence
of iron and aluminum oxides will tend to increase
the ZPC towards the higher pH values® while
the presence of clay minerals and organic matter
with permanent or pH-dependent charge will tend
to shift the ZPC of the soil to lower pH values'®,
For these samples, at low pH values, the positive
charges may result from protonation of hydrous
oxides. At higher pH values, desorption of protons
from uncomplexed phenolic and carboxylic func-
tional groups of organic matter may be the major

contributor of negative charges. Thus, the ZPC
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results from the overall mineralogical composition
and organic matter contents of the soil®,
Mineralogical composition of these samples was
found that quartz was dominant in both peats,
and illite, kaolinite, hydrated-halloysite and feld-
spars were contained in a trace. Therefore,
authors suppose that the magnitude of the sur-
face charge of these semples may not be influ-
enced strikingly by the clay minerals, and then
the change of these net surface charges prima-
rily depends on the dissociation constant of the
functional acidic groups of the organic matter in
samples. ZPC of these samples was found to be

near pH 4. 0.
Abstract

The distribution of the surface charges in two
kinds of peats and their physico-chemical proper-
ties have been studied by means of the potentio-
metric titration and by ion adsorption in different
strength of electrolytes.

The organic matter contents were 43.83% and
53.7% in Yeong Yang peat and Peong Tack peat,
respectively. Their X-ray diffractograms showed
that quartz was dominant in both peats, and
illite, kaolinite, hydrated-halloysite and feldspars
were contained in a trace. Total acidic group
contents was 1. 257me/g in Poeng Tack peat that
was a little more than of Yeong Yang peat.
The pKa values of Yeong Yang ’and Poeng Tack
peat were 13.1 and 12.65, respectively. The
titration curves at different ionic strength of
electrolytes crossed at pH 3.9 and 4.4 in Yeong
Yang peat, and pH 3.8 and 4.0 in Peong Tack
peat. The pH ranges of suspensions when the
net surfacecharge of the peats varied from
positive to negative value were pH 4, 55~5, 20
(NaCl) and pH 3.95~5.70 (CaCl;) in Yeong
Yang peat, and pH 4. 15~5.40 (NaCl) and pH
3. 80~4. 15(CaCl,) in Peong Tack peat. Therefore,
it is apparent that the zero point of charge of
these peats was about pH 4.0,

References

Schofield, R.K.: J. Soil Sci., 1:1 (1949).
Park, G.A. and De Bryun P.L.: ]. Phys.
Chem., 66 : 967 (1963).

3. Park, G.A.: Chem. Rev., 65: 177 (1965).

4. Posner, A.M., Atkinson, R.]J.,

10.

11.

12.

13.

14.

15.

16.

17.

18,

19.

20.
21.

and Quirk,
J.P.: J. Phys. Chem., 71:550 (1967).
Posner, A.M., Bell, L.C. and Quirk, J.P.: J.
of Coll. and Interface Sci., 42 : 250 (1972).
Bernardo, Van Raij, and Michael Peech: Soil
Sci. Soc. Amer. Proc., 36 : 598 (1972).
EL-Swaify, S.A. and Saydgh, A.H.: Soil Sci.,
120 : 49 (1974).

Espinoza, W. Gast, R.G. and R.S. Adams
J.R.: Soil Sci. 39 : 842
(1975).

Morais, F., Ilton Page, A.L. and Lund, L.J.:
Soil Sci. Soc. Amer. J., 40 : 521 (1976).
Lim, Soo Kil: J. of Kor. Soc. Soil Sci and
Fer., 14 : 110 (1981).

Chang, Nam II and Choi, Jyung: Res. Rev,
of Kyung pook Univ., 22 : 293 (1976).
Chang, Nam II Choi, Jyung and Chang, Sun
Deok: Rural and Sci., 1:47 (1978).

Chang, Nam [l: Res. Rev.
Univ., 11:23 (1967).
Kim, Chang Bae and Choi, Jyung: J. of Kor.
Soc. Soil Sci. and Fer., 14 : 95 (1981).
Voss, R.L.: Unpub. M.S. thesis, Univ. of
Hawaii (1969).
Parks, G.A.: Adv.
(1967).

Choi, Jyung: Lab. of Soil Sci.,, Hyung Seol
Pub. Co.(ed), Tae Gu (1984).

Kumada, Kyiochi Sato, Osamu Ohsumi, Y.
and Ohta, S.: Soil Sci. and Plant Nutr., 13:
151 (1967).

Callumc, Mc and Midgley, D.: Anal. Chem.
Acta, 78 : 171 (1975).

Gran, G.,: Analyst(Lon don), 77 : 661 (1952)
Black, C.A. Evans, D.D. and Dinauer, R.C.:
Method of soil analysis. Part 2, Amer. Soc.

Soc. Amer. Proc.,

of Kyung pook

Chem. Ser., 67:121

of Agro. Inc., Pub. Madison Wisconsin, U.



8 — BERLBEE #3045 (1987)

22.

23.

S.A. (1965).

Brady Nyle C.: The nature and properties of
Soils. Macmillan Pub. Co., 8th (1984).
Choi, Jyung: ]. of the Kor. Agr. Chem. Soc.,
25:99 (1982).

24.

25,

26.

Breeusma, A., Lyklema,: J. Coll. Interf. Sci.,
43 : 437,

Keng, J., and Uebara, G.: Soil Crop Sci.
Soc. Fla. Pro., 33:119 (1973).

Stoop, W.A.: Geoderma, 23 : 203 (1980).



