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A bstract Changes of surface adsorption energy
distributions in soils can help to diagnose soil degradation.
Techniques are needed to quantify the changes in the en-
ergy distributions. We used data on water vapor adsorp-
tion in three soils before and after simulated degradation
caused by organic matter oxidation, cyclic wetting-drying,
and silica acid treatment. To describe adsorption energy
distributions we applied a technique that assumes lognor-
mal distribution of adsorption energy and two techniques
assuming the distribution function to be piecewise linear:
(a) direct fit of the set of nonlinear equations to adsorption
data and (b) a preliminary singular decomposition of the
matrix of this set of equations. Parameters of the distribu-
tions and parameters of local adsorption isotherms were
estimated together with their standard errors. Estimated
parameters of the local adsorption isotherm were close for
all three techniques. Piecewise linear energy distributions
were bimodal. Singular decomposition technique provided
the most detailed insight into adsorption energy distribu-
tion changes after simulated soil degradation.

K e y w o r d s: surface heterogeneity, soil, energy
distribution function

INTRODUCTION

Heterogeneity of surfaces is a typical fea-
ture of soil particles. The heterogeneity of
solid surfaces can be characterized by the sta-
tistical distribution of the energy of adsorption
of gases. This approach has been successfully
used in the surface chemistry of solids [6,18].
Recently, Sokotowska et al. [11,21] presented

adsorption energy distributions from water va-
por adsorption data on soils. They showed that
the adsorption energy distributions are related to
cation exchange composition and can be promis-
ing indicators of changes in soil surface proper-
ties caused by the simulated soil degradation.

Energy heterogeneity of an adsorbing sur-
face is usually characterized by the so called
energy distribution function F(e), defined in
such a way that F(e)de gives the proportion of
adsorbing sites having adsorption energies in
the range from ¢ to e+de [18]. Adsorption
equilibrium at a pressure p on particular ad-
sorbing sites depends of the adsorption energy
of the site. So the local adsorption is charac-
terized by the local adsorption isotherm
0,(p.€) and the overall coverage of adsorbent
is given by the following equation:

gmax
0 ="2="To  (pe)Fe)de - (1)
nm € min
Here n(p) is the experimentally measured
amount of the adsorbed gas g g!, n,, denotes
the monolayer capacity of the adsorbent, i.e.,
the mass of adsorptive monomolecular layer
covering the whole surface, g g’!, ¢, is the low-
est value of adsorption energy usually assumed
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to be equal to the energy of condensation of
the adsorbate ¢, J mol’l, ¢, is the highest ex-
isting energy of adsorption for the given ad-
sorbent, J moll. The evaluation of the
distribution function F(¢) from measured ad-
sorption is based on the solution of Eq.(1).

The problem of the finding F(g) from
Eq.(1) belongs to a class of ill-conditioned
mathematical problems [6,18]. The mathema-
tical nature of such problems is that small
variations in data can cause large variations in
the distribution density function [9]. A number of
methods have been proposed to solve Eq.(1).
Comprehensive reviews can be found in [6,9,
16,18]. The condensation approximation method
[21] and a piecewise linear approximation of
the function F [11] have been used in studies
of water vapor adsorption on soils.

Methods of solving Eq.(1) differ in physi-
cal assumptions, in requirements to data sets,
and in details of the surface heterogeneity they
are able to reveal [18]. Data on water vapor
adsorption in soils usually have a relatively
small number of data points on isotherms. No
comparison or assessment of techniques of
solving Eq.(1) has been done for soils yet. Ex-
amples of comparison and assessment of such
techniques for other adsorbents show that such
a comparison can provide a useful information
to select and distinguish methods [3,6]. The
objective of this paper was to compare an ap-
plicability of techniques well-used for some
adsorbents and adsorbates to characterize the
surface heterogeneity of soil particles from
water vapor adsorption data.

MATERIALS AND METHODS
Soil samples

Details of sampling and preparation of gray
forest soil, ordinary chemnozem soil, and dark
chestnut soil have been reported elsewhere [11].
Air-dried soil samples were sieved, and the
fraction 1 mm and smaller was further used.

Untreated and treated samples have been
used to obtain isotherms of the water vapour
adsorption. Treatments included partial re-
moval of soil organic matter by boiling with a

10 % solution of hydrogen peroxide, cyclic
wetting-drying with 10 cycles of the addition
of 0.003 M solution of CaCl, and MgCl, and
following drying in the laboratory during 2 days,
and silica acid treatment which consisted in 10
cycles of wetting with the solution containing
80 mg L-! H,Si0;, 5 mol L} CaCl, and 1 mol
L-! MgCl, and drying in the laboratory during
2 days.

Before water vapour adsorption measure-
ments the soil samples were dried at T=378 K
in vacuum (about 1075 kPa) during 48 h. Ad-
sorption was measured by using a vacuum mi-
crobalance technique [8]. During adsorption
measurements temperature was kept constant
within 0.1 K. Fifteen levels of relative pres-
sure were selected in the range from 0.0485 to
0.875. The variations in replicated data did not
exceed £ 5 % at the lowest vapor pressure and
+ 1 % at the highest vapour pressure.

TECHNIQUES TO CHARACTERIZE
THE SURFACE HETEROGENEITY

The local isotherm equation 6,(p,&) must
be known prior to solving Eq.(1). A modified
BET equation proposed in [2] can be success-
fully used as local isotherm equation descri-
bing multilayer adsorption of the water vapour
on soils and clay minerals [11]. The need in
modification follows from the fact that classical
BET equation is for unlimited adsorption, and
the actual number of layers of water molecules
at saturation is usually less than five [8]. The
modified equation can be written in the form:

1 C
0(p,e)=———=
1-kx 1+ Cy
P x £—¢,
=—, = s C:
X s y - exp( RT) 2)

where R is the universal gas constant and T is
Kelvin’s temperature. Parameter  is related to
the maximum number of molecular layers that
can be formed at saturation when p/p, =1. The
larger is k the larger number of layers can be
formed. Thus, value of k is a measure of the
maximum adsorption capacity of the surface.
With k=1, Eq.(2) is reduced to the classical BET
equation with the infinite number of layers at
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saturation. Brunauer et al. stated in [2] that k is
a parameter which measures the attractive force
field of the adsorbent. Authors of [11] pointed
out that the value of k may reflect also the size of
pores when the adsorption takes place in po-
rous materials and the adsorbed water is con-
fined between opposite pore walls.

The use of Eq.(2) in Eq.(1) means that
constant parameters k& and n, have to be
evaluated together with the function F(¢) from
experimental data on water vapour adsorption
in soils. These unknowns are to be evaluated
from measured adsorption n(p;) at several levels
of pressure p;, i=1,2,...,N. Further we used the
dimensionless energy €= (e —¢,)/RT and

replaced Eq.(1) by:
6 (x)= ? =Fo,eF@©de. (3
m 0

where x=p/p, and €., = (e max —€¢)/ RT ,
and £,=10.5 kcal mol"' =44 kJ mol" was used
[7]. Dependence of 8, on x and € is expressed
by Eq.(2). Since F(€) is a frequency distribu-
tion, it must satisfy the constraint:

Emax
[Fe)de=1.
0

4

We selected three well-used techniques to
solve Eq.(1) that were known to work well
with a relatively small number of experimental
data points. Because k and n,, values had to be
found together with F(€ ), we had to modify the
techniques as described below. For all data sets
and all techniques, we determined values of pa-
rameters that provided minimum lack-of-fit mean
square which is known to be an unbiased estima-
tor of the model’s standard error [13]:

N
Y my[n° (x;) = n(x)1*

i=1

&)

o N-P
Here N is the total number of vapour pres-
sure levels, m; is a number of replications in
the measurements at the ith vapour pressure, P
is number of parameters
A technique which assumes a formula of
the dependence of F on € was introduced by

Ross and Oliver [17] and later on used by seve-
ral authors, e.g., in [4,5]. The method consists
in the use of preselected formulas for O(p, €)
and F(€) with unknown parameters. The pa-
rameters’ values that provide minimum devia-
tions between measured and calculated from
Eq.(1) adsorption, have to be found.

Since F(e€) must be 0 for € <0 and must
approach 0 for € » oo [6], we assumed that
the energy distribution is lognormal:

=\2
1 exp[_(lne—ln =) } ©

F(€)=

noE 02

This equation was substituted into Eq.(3)
and nonnegative values of »,, k£, €, and o
were found to minimize s, in the Eq.(5) with P
= 4 for this case. The value of €,,, was set to
infinity as recommended for analytically ex-
pressed distribution functions [6].

A piecewise linear distribution of energies
and the direct fit of Eq.(3) to data was intro-
duced for the virial isotherm equation and
later utilized in the algorithm CAEDMON
[19]. The energy range is subdivided to seve-
ral intervals and the frequency distribution
F(e) is assumed to be constant over each in-
terval, i.e.:

0, EsE,
F(€)=1{F;, €, 1SE<E;,j=0l12,.. M

J
0, E=€,,

)

where M is the total number of intervals,
€,=0, € py=€ax-
Values of n,(x)=n¢ can be found from

Eq.(3) with the local isotherm (2) and F(€)
from (7) as:

M
n,-c = Zleai’j,i=1,2,...,N;j=l,2,...,M (8)
Jj=

where
€

J
=n, [0,(x,E)dE=
€

ai,j

-1
1—kx; +x; exp(€;)

In .
1-kx; +x;exp(e;_)

n

®

m

Nonnegative values of n,, k, F, j=1,2,..,
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M have to be found to provide minimum
lack-of-fit mean square in (5) with P=M+2.

In general, the more intervals one has the
better will be a description of the distribution.
On the other hand, to obtain reliable results in
regression, one has to have the number of co-
efficients which is at least two times less than
the number of data points (11). Having 15 data
points, we first selected number of intervals M
equal to 12. Twelve F; values together with »,, and
k gave 14 coefficients to be determined. However,
we could not obtain stable results in fitting (3) to
data and encountered numerous local extre-
mums. Then we diminished M and had five F;
values to be found together with n,, and .

The usual recommendation for the selec-
tion of €, value is to use so called conden-
sation approximation method [6]. The estimate
is dependent on the lowest vapour pressure in
measurements. The condensation approximation
method provided the value €,,=3 for the pre-
sented data sets [11]. The authors of [11] used
€ .x=0 as a safe upper estimate. Values € ,=1,
€,=2, €;=3, € =4.5, € ;=6.0 were selected as
some boundaries of energy intervals in (6).

A singular decomposition technique was
introduced in [23] and was utilized in their al-
gorithm CAESAR. It also uses a piecewise
constant approximation (6) of the frequency of
the distribution. Unlike the previous tech-
nique, however, this one allows to control the
precision of results. The set of Eqs(8) is pre-
sented in [23] in matrix form:

i¢ =[Alf

where 7€ ={nf,n5,...,n%},[4]= {ag}, f =

(10)

{F,F5,...,Fp}, N is number of relative pressure

levels in measurements, M is number of inter-
vals in (6). Using the singular decomposition
algorithm the authors decompose the matrix
[A] to three multiplier matrixes one of which
contains singular values. For preselected rank
value r the smallest M-r values of singular val-
ues are replaced by some large number Q.
Then multipliers are composed back into the

altered matrix [A] which is substituted into
(10) instead of [A]. Nonnegative values of F,
J=1,2,..,M, are found to provide a minimum
of the lack-of-fit mean square s, in (5) with
P=M+2,

Value of the rank governs the precision of
results. In general, the larger rank is the better
precision can be achieved. When the rank in-
creases, however, results become less reliable.
The optimal rank value is the minimum rank
value that makes statistically insignificant a
difference between standard errors of model
estimates and standard errors of data. We
evaluated the standard errors of estimates as s,
values and estimated standard error of data as
a mean square pure error [11]:

N m; 5
2 2 [0x)—ni(x)]

i=1j=1

(11)

5, = ~
2m;—N
i=1

where n is an average adsorption and n; is the
Jjth replication, m; is the number of replications
at the ith level of x=p/p, i=1,2,...,N. For this
data the optimal rank value was 5. We used
the same algorithm of the singular decomposi-
tion as Vos and Koopal did in [23]. The Q
value was equal to the largest singular value as
recommended by WanLum and White [9].

The technique requires a preselection of
the number of intervals M and value of € .
We selected M=12 to have minimum accept-
able N-P=1 value in (5). Equal intervals e €705
were selected.

A modified Marquardt algorithm was used
in all cases to obtain nonnegative parameter
values that minimized s, in (5)*. We used a
version of the algorithm presented in [22].
This version proved to be very efficient in
multi-parametric nonlinear optimization. To
avoid local minimums of (5), we made 100
runs for every sample with random selec-
tions of initial parameter estimates. The al-
gorithm provides not only estimates of parameters
but also standard errors of these estimates.

*Computer programs available upon request from the corresponding author®.
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It allowed us to test the statistical significance
between average values of the same parameter
for different samples. Student’s - statistic has
been calculated as:

. |pL— ol
J(sp )2 +(sp2)

where p; and p, are estimates of average of a pa-
rameter p to be compared, s, and s,, are esti-
mates of standard error of p, and p,, respec-
tively. The critical value of the t-statistic is
tn.ps1an, Where N is the number of measure-
ments, P is the total number of parameters,
and a is the significance level.

12)

RESULTS AND DISCUSSION

Data on adsorption are presented in Table 1
and calculated frequency of energy distribu-
tions are shown in Fig. 1. Some general pa-
rameters of distribution functions and local
isotherms are collected in Table 2. Below we
abbreviate the assumed lognormal distribution
technique, piecewise linear distribution tech-
nique with the direct fit to data, and singular
decomposition technique to LD, DF, and SD
techniques, respectively.

Table 2 also contains mean square lack-
of-fit values s, computed according the Eq.(6).

Table 1. Water vapour adsorption, mg g'l, in soil samples

These values show that the application of the
Eq.(1) with the local isotherm (2) provides a
good fit of the measured adsorption. we have
not found a significant difference between
standard errors of estimates s, and standard er-
ror of measurements s, for all three methods of
energy distribution estimation.

Data in Table 2 show a close similarity in
estimates of adsorption isotherm parameters
obtained by different techniques for the same
samples. Differences among values of mono-
layer capacity were close to 6 % only in one
case and were below 4 % in all other cases.
Similarly, differences in values of k exceeded
4 % in one case and were below 2 % in all
other cases. All techniques show the same
trend in changing of the isotherm parameters
due a particular treatment.

Both LD and DF techniques have the
number of parameters significantly less than
the number of the measurements. Therefore
the meaningful estimates of the standard de-
viations could be calculated for both parame-
ters of isotherms and for parameters of the
distributions. These estimates represent an es-
sential complement to the estimates of the pa-
rameters itself, since the statistical hypotheses
on equality of parameters before and after
treatments could be tested. Results of such

Untreated Organic matter oxidized Cyclic drying-wetting Silica acid treatment
/

Pbe GFs! Chz Chs GFS Chz Chs GFS Chz Chs Chz Chs
0.0485 6.3 19.0 15.9 4.1 9.8 9.4 6.3 20.0 16.2 17.2 14.2
0.0812 7.6 22.7 19.4 5.1 12.7 12.2 7.6 237 19.6 20.5 17.2
0.1020 8.2 242 20.7 5.7 13.9 13.3 8.2 252 20.9 21.8 18.5
0.1271 8.8 26.5 228 6.1 15.6 15.1 8.8 27.5 232 239 20.0
0.1869 10.6 32.1 27.8 7.7 20.1 19.3 10.7 33.1 28.0 30.0 25.1
0.2703 12.8 38.1 329 9.2 24.6 23.6 12.9 39.2 333 352 30.1
0.3748 15.5 46.3 39.7 112 30.7 29.2 15.7 474 40.3 434 37.4
0.3945 15.7 472 40.6 11.6 31.9 29.9 16.1 48.4 41.3 444 38.2
0.4836 17.8 53.7 46.3 13.3 373 334 18.2 54.9 47.1 513 445
0.5349 19.1 57.4 49.5 14.7 40.8 37.2 19.6 58.7 50.5 55.3 48.0
0.6202 217 65.3 56.3 17.1 47.7 42.3 223 66.7 571 64.1 55.7
0.6787 236 70.9 61.1 19.0 534 47.6 243 72.4 62.9 70.6 61.5
0.7498 259 77.4 66.7 21.5 60.1 53.2 26.8 79.2 68.9 79.1 69.1
0.8407 309 90.3 715 26.6 73.8 63.2 323 93.0 81.5 98.2 86.1

Explanations: IGFs - gray forest soil, Chz - chernozem soil, ChS - chestnut soil; data represent average over 3 replications.
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Fig. 1. Frequencies of adsorption energy distribution of water vapour in soils calculated using lognormal distribution (LD),
direct fit of the isotherm based on piecewise-linear distribution (DF), and singular decomposition (SD) techniques; UT -
untreated soil, HP - soil after organic matter oxidation, WD - after cyclic wetting-drying, SA -after silica acid treatment.

testing are shown in Table 3. Both LD and DF
techniques have lead to similar results. Chan-
ges in values of the monolayer capacity n,, are
statistically significant only after organic mat-
ter oxidation and silica acid treatments. The
same is true for the value of &, but this value
also increases significantly after wetting-dry-
ing treatment in the chestnut soil. It can be ex-
plained by the fact that this soil is found in
semiarid region [1] and cyclic wetting-drying
is very unusual regime for it. Average adsorp-
tion energy undergoes significant changes
only after organic matter oxidation in cher-
nozem and chestnut soils.

Differences among the techniques are related
to their ability to show details of the energy
distributions. Both DF and SD techniques
demonstrate that the interval of energies be-
tween 3 and 4 is not represented by any sig-
nificant number of adsorption sites in most of
cases. The energy distributions are at least bi-
modal. The distribution function value in the
range of the largest energies accounts both for
energies in this range and for larger energies
[3]. Therefore the distribution functions may
have other peaks in the range of €>6; how-
ever the range of observed adsorptions
precludes detecting these additional peaks.
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Table 2. Parameters of the adsorption energy distributions for soil samples as estimated by three techniques

Para- Grey forest soil Chernozem soil Chestnut soil
meter®

ORT HP WD OR HP WD SA OR HP WD SA

Technique assuming lognormal energy distribution

m 107 1.41 1.00 1.41 4.79 3.04 4.60 3.60 4.08 2.79 3.87 3.12

k 0.68 0.77 0.70 0.63 0.74 0.66 0.78 0.63 0.74 0.70 0.78
<&> 2.84 2.56 2.78 2.99 2.05 3.06 2.77 275 2.10 278 2.77
o 0.99 0.88 0.94 1.50 1.00 1.29 0.70 1.33 0.79 1.14 0.71

5 10° 0.25 0.13 0.28 0.53 0.34 0.64 1.03 0.40 0.34 0.52 0.94
Technique using piecewise linear energy distribution

nm 102 1.39 0.99 1.40 4.53 2.94 444 3.59 3.91 275 3.88 3.13

k 0.69 0.77 0.70 0.64 0.75 0.66 0.78 0.64 0.74 0.68 0.78
<&e> 2.67 2.58 2.73 2.57 2.17 275 2.80 2.54 2.20 2.65 2.80
5 10° 0.26 0.14 0.30 0.53 0.35 0.65 1.12 0.41 0.36 0.53 1.01

Singular decomposition technique

im 10 1.43 0.99 1.44 478 3.02 4.61 3.65 4.03 2.80 3.87 3.20
k 0.68 0.77 0.70 0.63 0.75 0.65 0.77 0.63 0.73 0.67 0.78
<&e> 2.67 2.55 2.65 2.38 2.26 2.60 2.77 243 2.19 2.56 2.65
s 10° 0.35 0.16 0.39 0.82 0.53 0.91 141 0.56 0.50 0.71 1.15

§

Explanations:°n,, is a monolayer capacity, g g']; k is a measure of the maximum adsorption capacity; <&> is an average

reduced adsorption energy of the surface defined as <e> = J'Sc’ € F(e)de [20}; o is a variance of the lognormal energy

distribution; s, is a lack-of-fit mean square, g g’l; 0R - original samples; HP - hydrogen peroxide treatment; WD - wet-

ting-drying treatment; SA - silicate acid treatment.

Table 3. Student’s t-statistics to test the hypothesis on equality of adsorption parameters before and after treatments

Organic matter oxidized Cyclic drying-wetting Silic acid treatment
Parameter

GFsT Chz ChS GFS Chz ChS Chz ChS

LD technique
nm 5.6 6.8 6.7 0.0 0.6 0.9 4.1 42
k 7.9 6.1 7.0 0.9 13 3.7 73 7.9
<&e> 1.1 34 2.8 0.2 0.2 0.1 0.7 0.1

DF technique
nm 7.1 122 104 0.1 0.5 1.6 54 4.1
k 52 9.0 83 0.5 14 3.0 8.4 4.1
<€e> 0.6 29 25 03 14 0.8 0.5 03

Explanation: IGFs - gray forest; Chz - chernozem, and ChS - chestnut soils; §n”l is a monolayer capacity; gg'l; kis a
measure of the maximum adsorption capacity; <e> is an average reduced adsorption energy of the surface defined as

<> = [JE F(e)de [20].
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The bimodality of surface energy distributions
was earlier demonstrated for soils [11,21]. Of
course, there probably exist a finer structure of
the distributions, but much more dense meas-
urements are needed to reveal it.

Using singular decomposition, we could
double number of intervals for which the en-
ergy distribution density has been found. This
kind of results is typical in solving ill-condi-
tioned problems by means of optimization [15].

All three techniques reflect the changes in
the surface energy distribution after treatments
in a similar way. All treatments resulted in the
loss of low-energy adsorption sites in the
range of the € from 0 to 1 (¢ from 44 to 46.5
kJ mol'!). The maximum of the distributions
shifts towards larger energies. The LD tech-
nique reflected these changes by the shift of
the peak towards larger energies. The DF tech-
nique has shown the disappearance of the ener-
gy sites in the range from 0 to 1 after treat-
ments. The SD technique have shown a com-
plete disappearance of sites with energies in
the range from 0 to 1 and a decrease of the
number of sites in the range from 0.5 to 1 after
some treatments for some soils.

After the organic matter oxidation treat-
ments, the energy distributions are much more
narrow than in untreated soils. These treat-
ments seem to eliminate high-energy adsorp-
tion sites. This effect is not so strong in the
gray forest soil, but in the chernozem and es-
pecially in the chestnut soil it is very pro-
nounced. The LD technique reflects these
changes by the higher position of the peak and
the smaller variance of the distribution. The
DF technique shows that the increase of the
distribution density occurs in the range of the
€ from 2 to 3 for the gray forest and chestnut
soils and in the range of € from 1 to 2 for the
chernozem soil. The SD technique displays
more complex changes of the distribution den-
sity. For example, for gray forest soil and
chestnut soil, the average distribution density
is not affected by the organic matter oxidation
in the range from 1 to 2. However, distribution
density decreases in the range from 1 to 1.5
and increases in the range from 1.5 to 2. Ap-

plication of each of the techniques resulted in
the decrease of the average adsorption energy,
as can be seen in the Table 2. The LD tech-
nique suggested larger changes than DF and
SD techniques.

The cyclic wetting-drying does not sig-
nificantly change the surface energy distribu-
tion for the gray forest soil and results in the
shift of the distribution towards larger energy
range for the gray forest soil and for the cher-
nozem soil. The DF technique gives a rough
sketch of the changes: complete loss in the
{0,1} range, increase in the range {1,3} and
the absence of changes in the range {4.5,6}.
The SD technique reveals details of the in-
crease in the ranges {1.5,2}, {2,2.5}, {2.5,3}
and small but visible increase in the range
{4.5,6} for chernozem and chestnut soils. The
frequent cyclic drying-wetting is the natural
regime of gray forest soils [14] and it may be a
reason of the absence of changes in the energy
distribution after this treatment.

The silica acid treatment causes the most
significant changes in the surface energy dis-
tributions. The LD technique shows the de-
crease of the peak heights. The DF technique
shows that the range of energies {2,3}, where
original samples did not have energy sites,
gets the largest frequency of energy sites. At
the same time the relative importance of the
range {1,2} diminishes. The new energy sites
in the range of € from 2 to 3 (i.e., ¢ from 49
to 51.5 kJ mol'!) seem to be created due to
precipitation of the silica compounds. To test
this assumption, we used the data on adsorp-
tion of water on silica gel [10]. We assumed
the energy distribution function to be a delta-
function F(e)=o0 (e —¢€;) . In this case (3)
reduces to:

1 y
l1-kx y+exp(—¢€;)

0(x)= (13)

We fit this equation to the data on water
adsorption on silica gel and found the reduced

energy of silica gel €; equal to 2.35. This

value is within the range of energies where
we observed a significant increase in the
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frequency of the energy distribution after sil-
ica acid treatment. Precipitating silica com-
pounds could cover mineral surfaces that
provided sites with energies form 1 to 2 thus di-
minishing their relative input in energy distri-
butions after silica acid treatment.

SUMMARY

The sensitivity of the adsorption energy
distribution to particular treatments of soils
can be important for diagnosing soil degrada-
tion [11]. To quantify this sensitivity, we used
lognormal and piecewise adsorption energy dis-
tributions combined with the modified BET
equation for the local adsorption isotherm. Both
direct fit to data and singular regularization were
used for the piecewise linear distribution. The
experimental data set consisted of water va-
pour adsorption on three soils before and after
removal of organic matter, cyclic wetting-dry-
ing, and silica acid treatment. The technique
using the lognormal distribution is able to pro-
vide the right vales of the local isotherm pa-
rameters but fails to show the bimodality of
the energy distribution. Both techniques based
on piecewise distribution indicated the bimo-
dality of the adsorption energy distribution,
and results of their application were in broad
general agreement. The technique based on
lognormal distribution gave the same parame-
ters of the local isotherm as two other tech-
niques. Estimates of standard errors of para-
meters were derived for the parameters of the
distribution functions and for parameters of
the local isotherm. These estimates were use-
ful in evaluation of the significance of the ob-
served changes in parameter values resulting
from soil treatments.
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