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HYDROLYSIS KINETICS OF ORGANIC CHEMICALS ON
MONTMORILLONITE AND KAOLINITE SURFACES AS
RELATED TO MOISTURE CONTENT
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Abstract— The effect of the surface acidity of montmorillonite and kaolinite on the hydrolysis rate constants
of different agricultural chemicals was studied at variable moisture contents. Ethyl acetate, cyclohexene
oxide, isopropyl bromide, 1-(4-methoxyphenyl)-2,3-epoxypropane, and N-methyl p-tolyl carbamate were
chosen as representatives of classes of chemicals that exhibit acid-catalyzed, base-catalyzed, and neutral
hydrolysis. In addition to being commercially available in pure forms, these chemicals have well-char-
acterized homogeneous kinetics. The presence of montmorillonite or kaolinite in water suspensions had
a small effect on the hydrolysis rate constants (k,), whereas, the addition of moisture to oven-dried clays
up to the limits of sorbed water resulted in an increase in the rate of hydrolysis of the epoxide by a factor
of 10.

The increase in the hydrolysis rate constant suggests that the surface pH of montmorillonite or kaolinite
might be 1-2 pH units lower than the bulk pH. The k, value for the carbamate on Na-montmorillonite
surface {(bulk pH = 8.5) is 6.4 X 10-8/sec which is equivalent to the rate constant at pH values <7. The
hydrolysis rate constant of the epoxide was reduced by a factor of 4 when the moisture content exceeded
the limit of sorbed water. The addition of humic acid fo the clay minerals resulted in about a 40%

reduction of the epoxide hydrolysis rate constant.
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INTRODUCTION

The literature on the kinetic and thermodynamic
effects of clay surfaces on organic chemicals is exten-
sive, with the emphasis being on the unusually low pH
detected at the surface of clay minerals. Using pH-
sensitive indicators Mortland (1970), Bailey et al.
(1973), Frenkel (1974), and Karickhoff and Bailey
(1976) showed that surface pH is as much as 2-3 units
lower than that of the bulk solution. Saltzman et al.
(1974) found that the hydrolysis rate constant of para-
thion and methyl parathion on kaolinite increased by
a factor of 100 when water was added up to the limit
of sorbed water (11% wt/wt). A slight increase in the
moisture content above that corresponding to sorbed
water, however, resulted in a steep decrease in the hy-
drolysis rate constant. Using organic bases as indica-
tors, Karickhoff and Bailey (1976) found that proton-
ation of organic bases in a clay film exceeded that of
the suspended clay system and increased as the mois-
ture content decreased.

The experiments described in the present report were
designed to evalute this surface acidity effect on hy-
drolysis by using selected probe molecules that have
well-characterized homogencous kinetics in the ab-
sence of clays. The observed rate constants for hy-
drolysis in the presence of different clay minerals, either
in suspension or as solids with variable amounts of
moisture, were compared at or near the same bulk pH.
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MATERIALS

Montmorillonite and kaolinite clay minerals from
Ward’s Natural Science Establishment, Rochester, New
York, were fractionated by sedimentation. The <2-um
size particles were found to contain small amounts of
organic matter and carbonates. The samples were
washed with sodium acetate solution (pH 5) and were
treated with a few drops of H,O, (Kunze, 1965). Ethyl
acetate (EA), cyclohexene oxide (CHO), and isopropyl
bromide (IPB) (from Mallinckrodt Company, Aldrich
Chemical Company, and Metheson, Coleman and Bell
Company, respectively) were found to be more than
98% pure by infrared and gas chromatography (GC)
analyses and were used without additional purification.
1-(4-methoxyphenyl)-2,3-epoxypropane (EME) from
the Aldrich Chemical Company was 99% pure by high
performance liquid chromatography (HPLC) and was
also used as received. N-methyl p-toly carbamate
(MTC) was synthesized according to thé procedure of
Fujita er al-(1974). The water was deionized in a Milli-
Q-Water purification unit and contained <0.1 ppm
dissolved organic matter. Buffer solutions were pre-
pared using 0.1 M potassium dihydrogen phosphate
and 0.1 M NaOH according to the methods described
in the CRC Handbook (West, 1975). Humic acid from
Aldrich Chemical Company was suspended in deion-
ized water (pH = 6) and stirred for 48 hr to remove
soluble material.
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Table 1. Hydrolysis rate constants in aqueous solution for EA, CHO, and IPB at 25°C.!
Chemical ka (1/M-sec) kg (1/M-sec) ky (1/secC)
EA (1.14 £ 0.15) x 10! (1.08 £ 0.01) x 10! (5.90 £ 0.01) x 107
CHO 1.95 + 0.00 (0.301 + 0.148) X 10~ (1.72 £ 0.09) X 10°¢
IPB 2 2 (4.08 + 0.70) X 107

EA = ethyl acetate; CHO = cyclohexene oxide; IPB = isopropyl bromide.

' From Mill ez al. (1981).

2 Rate constants at pH values 3 to 11 are independent of pH, and the average observed value is 3.79 X 10-¢/sec (Mill et

al.. 1981).

METHODS
Clay suspensions

All glassware, pipet tips, vials, and clay suspensions
were autoclaved for 20-min periods at 115°C. The
clay suspension was transferred to the vials in 1-ml
aliguots. Aqueous solutions of EA, CHO, and IPB,
were then added to the vials. The final concentrations
were 10-4 M. Methyl ethyl ketone was used as an in-
ternal GC standard. The vials were placed in a constant
temperature water bath at 25 + 0.1°C on a shaker at
a 45° angle for better mixing. For each treatment 20
time points were taken (one vial for each). For analysis,
the vials were centrifuged at 10,000 rpm for 5 min at
4°C, and the supernatant liquid was then withdrawn.
EA was analyzed by GC with a Poropak QS column
at 150°C. CHO and IPB were analyzed on a Carbowax
column at 106°C and 65°C, respectively.

Wetted clay

Montmorillonite and kaolinite samples were equil-

ibrated with 0.01 M chloride salts of Na, Ca, or Mg to
prepare homoionic clays. Oven-dried clay samples (24
hr heating at 105°C) were used for all experiments. By
comparison of X-ray powder diffractograms of the oven-
dried samples before and after rehydration and of sam-
ples dried over P,Os, the heating was found to have
no significant effect on the structures of the clay sam-
ples. .
Humic acid (HA)-clay mixture was prepared by mix-
ing the Na-clay with HA in the ratio of 2, 5, and 10 g
of HA to 100 g of clay suspended in deionized water.
The pH of the mixture was adjusted to 7.00 and the
suspension was dehydrated. The HA-coated clay was
used for the hydrolysis of epoxide as a 4% suspension
in water, on HA-kaolinite with 5% H,O, and on HA-
montmorillonite with 30% H,O.

Water was added to the clay samples according to
the procedure described by Saltzman et al. (1976) to
obtain the required moisture content. EME was intro-
duced in an organic solvent (ether), and the solvent
was removed by evacuation. Samples were placed in
a constant temperature water bath at 25 + 0.1°Con a
shaker at 45° angle for better mixing. Two vials (0.1 g
samples) were used for each time point taken. For anal-
ysis, the samples were extracted using 50% acetonitrile
in water, equilibrated for 30 min, and centrifuged at
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20,000 rpm at 4°C. The supernatant liquid was with-
drawn and analyzed using HPLC on a C,;-Bondapack
column with 50% acetonitrile in water at 2-ml/min
flow rate, and a UV detector at 280 nm.

Concentrations of all starting materials and the prod-
ucts were evaluated by comparing their peak areas to
those of a standard. In all experiments, the product
balance was 100 + 3%. A similar HPLC method was
used for analysis of MTC with 40% acetonitrile in water
as the eluting phase with detection at 354 nm.

RESULTS

Hydrolysis of ethyl acetate, cyclohexene
oxide and isopropyl bromide

Hydrolysis kinetic constants (k,) for EA, CHO, and
IPB were previously evaluated in water at 25°C over
a wide range of pH values (Mill et al., 1981, 1982).
Table 1 summarizes the kinetic constants for each com-
pound. At constant pH, the observed rate constant k,,
follows a simple kinetic relation (Mabey and Mill, 1978):

d[C)/dt = k,[C]

= (ka[H;0"] + ks[HO] + k)[C], 1

where the observed rate constant for hydrolysis, k,, is
defined in terms of k,, kg, and ky, which refer to acid-
catalyzed, base-promoted, and water-promoted reac-
tions, respectively. Solutions of 1 X 107*M EA, CHO,
and IPB were heated at 25°C in the presence of 4.5%
(wt/wt) of Na-, Mg- or Ca-montmorillonite, and the
solutions were analyzed with time. Values of k,, at the
measured bulk pH were estimated from regression of
In[C] vs. time following the usual first order relation

In([Col/[CD) = kit 2

where C, and C, are concentrations of the chemical at
times zero and t. Calculated values of k,, at the same
pH were estimated from the data in Table ! and Eq.
(1). Observed and measured values are compared in
Table 2.

The hydrolysis constants for CHO and IPB are nearly
identical with the constants for hydrolysis in homo-
geneous buffer solutions at the same pH. On the other
hand, the hydrolysis rate constant for EA in the clay
suspension is slightly higher than that in the buffer
solution. The results suggest that the presence of the
clay in a suspension form has a small effect on the
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kn(107/sec)
Conc.
Cation pH (10* M) Calculated Measured
EA

Na 8.70 4.09 6.00 16.20 = 0.065
Ca 8.12 6.63 2.01 8.91 + 1.27
Mg 7.80 4.09 1.27 9.92 + 1.64
Buffer? 8.40 10.24 3.30 5.27 £ 0.86

CHO
Na 7.30 6.60 17.7 8.60 = 0.3
Buffer? 7.30 6.60 17.7 8.7+ 0.4

IPB
Na 7.33 7.10 37.9 12.3 £ 0.7
Buffer? 7.33 7.10 37.9 145+3

! EA = ethyl acetate; CHO = cyclohexene oxide; IPB =
isopropylbromide.

2 Phosphate buffer, no clay.

3 Borate buffer, no clay.

hydrolysis rate due to the limited interaction of the
chemicals with the clay surface.

Because natural soils and clays are only partly hy-
drated, the effect of moisture content of clay on hy-
drolysis rates of two other less polar model compounds
1-(4-methoxyphenyl)-2,3-epoxypropane (EME) and
N-methyl p-tolyl carbamate (MTC) were examined in
detail. The hydrolysis rate of EME is constant at pH
=7 and increases as the pH decreases. On the other
hand, the hydrolysis rate of MTC is constant at pH
=7 and increases with increasing the pH (Mabey and
Muill, 1978). The hydrolysis rates of EME and MTC on
low moisture clays should provide quantitative kinetic
evidence for the presence of low pH surfaces on these
clays.

Hydrolysis of 1-(4-methoxyphenyl)-2,3-epoxypropane

EME hydrolyzes to give the corresponding glycol via
acid and neutral processes:

CH,0CH,CH,CH-CH, + H,0
\ /
O

H+
— CH,;0CH,CH,CHOHCH,OH (3)

EME was chosen as a model epoxide for several rea-
sons: (1) the epoxide is structurally similar enough to
other aliphatic epoxides that its kinetic behavior on
clay should provide some basis for generalizations about
epoxide-clay interactions; (2) the aromatic structure is
a convenient chromophore for HPLC analyses both for
the epoxide and its hydrolysis product; (3) EME does
not volatilize rapidly from the clay surface, and its
solubility in water is extremely low; (4) the compound
is commercially available in pure form at a moderate
cost.

Hydrolysis rate constants for EME were measured
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Table 3. Hydrolysis of 1-(4-methoxyphenyl)-2,3-epoxypro-
pane on montmorillonite and kaolinite with bulk pH 7.
Moisture content (%) Conv. after
(wt/wt) 48 hr (%)’ 10° ky/sec
Na-montmorillonite?
0 0 0
5 0 0
9 0 0
11 31 2.15 £0.22
19 47 3.74 = 0.32
32 59 5.29 = 0.60
50 50 4.06 = 0.28
54 20 1.29 + 0.13
Suspension® 24 1.58 £ 0.16
Ca-montmorillonite?
0 0 0
4 0 0
5 45 3.46 = 0.5
32 57 4.83 £0.24
50 47 4,73 = 0.28
54 29 1.98 £ 0.20
Suspension® 24 1.58 £ 0.16
Mg-montmorillonite?
0 0 0
4 0 0
5 47 3.67 = 0.37
32 58 5.15 = 0.50
50 30 2.06 = 0.17
54 24 1.58 +£ 0.21
Suspension? 24 1.58 £ 0.16
Na-kaolinite?
0 0
1.3 0 0
2.5 35 2.50 = 0.06
10.0 35 2.47 £ 0.10
12.5 20 1.29 £ 0.13
Suspension® 21 1.36 £ 0.14

! All samples had better than 97% product balance, initial
concentrations are 4-5 X 107> mmol/g.
2 The clay samples are oven-dried to zero moisture after

" adjusting the suspension pH to 7.

3 The clay suspensions were made up of 5 g of clay in 100
ml water (bulk pH = 7.0).

in water, clay suspensions, and on clay surfaces with
moisture contents ranging from 0 to 100% (on dry
weight basis). The results given in Table 3 demonstrate
the relationship between the amount of water associ-
ated with the clay surface and the hydrolysis rate con-
stants. In all experiments the product balances between
EME lost and glycol formed are >97%. The hydrolysis
rate constant, k,, of EME in water at pH 7 is 5.9 X
10-%/sec. The Na-montmorillonite suspension (1% wt/
wt) with a bulk pH of 7 enhanced the hydrolysis rate
by a factor of 2.7 (k, = 1.58 X 10-¢/sec). Similar results
were obtained using Ca- and Mg-saturated montmo-
rillonite (Table 3 and Figure 1).

Maximum hydrolysis rate constants were observed
at moisture contents of 10-50% for Na-montmorillon-
ite and 5-50% for Ca- or Mg-montmorillonite (Figure
1). An increase in the hydrolysis rate constant (k, =
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Figure 1. Rate of hydrolysis of 1-(4-methoxyphenyl)-2,3-
epoxypropane on montmorillonite saturated with various cat-
1ons.

5.29 X 10-¢/sec) by a factor of 10 over the aqueous
solution and a factor of 3 over the clay suspension was
observed. It is apparent that the hydrolysis rate con-
stant is greatly influenced by the presence of the clay,
and it is related to the amount of water in association
with the clay surface.

The Na-montmorillonite curve shows three different
regions. Region I, where water is not available for hy-
drolysis (k, = 0), has a moisture content of less than
10% (the equivalent value for Ca-, or Mg-saturated
montmorillonite is 5%. Region II, where the catalytic
effect of the clay surface is at 2 maximum, has a mois-
ture content of 10-50% (5-50% for Ca- or Mg-satu-
rated montmorillonite). Region III, where the clay sur-
face has a limited effect on the hydrolysis rate, has
moisture contents in excess of 50%.

The end of Region I corresponds with the saturation
of the cations first hydration shell (approximately 10%
for Na, and 5% for Ca- or Mg-montmorilionite. The
end of Region III (50% moisture content) is the upper
limit of bound water, because this moisture level was
obtained by equilibrating the montmorillonite at 98%
RH. A slight increase in moisture content (54% water)
resulted in a steep decrease in the hydrolysis rate con-
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@ 4
<
S 1
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= ]
| [ 1 1 1 | I N !
o] 20 40 &0 80 100
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Figure 2. Rate of hydrolysis of 1-(4-methoxyphenyl)-2,3-
epoxypropane on Na-saturated montmorillonite and kaolin-
ite.
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Table 4. Hydrolysis of 1-(4-methoxyphenyl)-2,3-epoxypro-
pane (EME) on HA-coated Na-montmorillonite and Na-ka-
olinite.

Ini-
tial Con-
EME Elapsed ver-
HA' (mmole/ time sion

Treatment (%) g (hr) (%) 108 k,/sec
Na-montmorillonite 2 48 62 71 55+£0.17
30% moisture 5 46 62 61 43x0.12
Content 10 45 62 53 35=+0.17
Na-montmorillonite 2 25 68 42 21=+027
4% suspension 5 25 68 43 22x0.28

10 25 68 39 19%0.19
Na-kaolinite 2 44 65 39 20zx0.17
5% moisture 5 47 65 32 1.7=x0.16
Content 10 46 65 26 14=+0.17
Na-kaolinite 2 25 69 44 25+0.15
4% suspension? 5 25 69 46 24+0.14

10 2.5 69 41 20=+0.17

' HA = humic acid.
2 4% of clay-HA mixture.

stant. The presence of free water dramatically reduced
the catalytic effect of the clay surface on EME hydrol-
ysis rate by as much as 75%.

The hydrolysis of EME on the Na-saturated kaolinite
with respect to moisture content is similar to that on
Na-saturated montmorillonite; however, the maxi-
mum hydrolysis rate constant occurred at moisture
contents of 2—-10% (Figure 2). The results are in qual-
itative agreement with those obtained by Saltzman et
al. (1976) using parathion and methylparathion with
kaolinite; however, they noted as much as a 100-fold
increase in rate in low water-content kaolinite. We found
much less striking catalytic effects amounting only to
a factor of 10 at most, possibly because phosphorus
esters underwent surface-catalyzed hydrolysis involv-
ing selective bonding at surface sites.

The effect of the presence of humic acid (HA) on the
hydrolysis of EME was investigated, and the results
are summarized in Table 4. The addition of HA to Na-
saturated kaolinite and montmorillonite resulted in a
reduction of the k, values when the moisture content
was in the sorbed water range (10-50%). Two percent
HA on clay had the least effect due to the relatively
small surface area which is coated by HA. In mont-
morillonite, 2% HA had no effect, whereas in kaolinite
2% HA resulted in a 20% reduction of the k, value.
Ten percent HA had the largest effect on both kaolinite
and montmorillonite. The observed reduction in hy-
drolysis rate might be attributed to preferential ad-
sorption on organic colloidal particles that might have
been formed and by the different rate of hydrolysis on
the surface of such particies as compared to the surface
of clay particles. For HA-clay suspensions, the addition
of HA resulted in a slight increase in the hydrolysis
rate on both clays (Table 4).
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Table 5. Hydrolysis of N-methyl p-tolyl carbamate Table 6. Hydrolysis of N-methyl p-tolyl carbamate on Na-
(107* M). montmorillonite and Na-kaolinite.
pH 108 k,/sec Ini-
11:215 Elapsed o
E apse ver-
0 7.5+02 {mmole/ tig\e sion? 102
1 6.6 +04 Treaiment 2 (h) (%) Ka/seC
3 6.0 0.2 . .
N a-montmorillonite .
5 5.8 + 0.3 N t fonit 4.60 168 0 0
7 6.7 0.2 8% H,0
9 567 + 17 Bulk pH = 8.2
Na-montmorillonite  3.47 192 44 6.50x0.15
30% H,0
. Bulk pH = 8.5
Hydrolysis of N-methyl p-tolyl carbamate Na-kaolinite 329 240 39 467 +0.17
T : 5% H,O
he aromatic carbamate MTC hydrolyzes by base Bulk pH — 8.1

and neutral processes to give the phenol, amine, and
CO,. A possible mechanism is given below:

HO 0
L -OH- |

CH,-N-C-O-C,H,CH, - CH,N-C-OC,H,CH,
o

o
CH,N-C-OC,H,CH, — CH,N=C=0 + OC,H,CH,

H+
CH;N=C=0 + H,0 - CO, + CH;NH,

The pH rate-profile for hydrolysis of MTC showed
that MTC exhibits only water and base processes (Ta-
ble 5). MTC should hydrolyze slower on clay surfaces
because of the enhanced acidity (reduced basicity).

Na-montmorillonite (pH 8.5) and Na-kaolinite (pH
8.1) were used for the clay experiments. The rate of
hydrolysis of MTC was measured on montomorillonite
surfaces with 8 and 30% water and on kaolintite with
5% water (Table 6). As expected, rates of hydrolysis
were slower on the clay than in solution. The k, value
for MTC on Na-montmorillonite surface (bulk pH =
8.5) is 6.4 X 10-%/sec which is equivalent to the rate
constant at or below pH 7 (Table 5). Similar results
were obtained with Na-kaolinite (Table 6). A reason-
able explanation for the reduced rate of hydrolysis is
that the H-ion concentration near the clay surface is
higher than indicated by the bulk pH. If this expla-
nation applies, and considering the hydrolysis rate con-
stant of MTC, the pH on these clay surfaces could be
as much as 2 pH units lower than the bulk pH. Thus,
the estimated differences between the bulk pH and the
surface pH for either EME or MTC are in good agree-
ment. Table 6 also shows that with low water content
(8%) no reaction occurs, as expected if all water is
bound to the cations and is unavailable for reaction.

CONCLUSIONS

The results of the present study suggest that the cat-
alytic effects of montmorillonite and kaolinite on the
hydrolysis of EME and MTC are highly dependent on
water content. At very low water content (<10% on
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LEME = 1-{4-methoxyphenyl)-2,3-epoxypropane.
2 Product balance > 97%.

montmorillonite), all water is bound tightly to cations
and is unavailable for reaction (Bailey et al., 1973).
Because neither EME nor MTC were measurably sorbed
to clay from water, it is unlikely that they are bound
to active sites on the clay and react only when displaced
by enough water.

Addition of more water in the range of sorbed (bound)
water (up to 50%) enhanced the hydrolysis of EME and
retarded the hydrolysis of MTC. A possible explana-
tion to the reduction of the hydrolysis rate of MTC
and the increase in rate of hydrolysis of EME is the
lower pH at the clay surface. From the double layer
theory the surface pH values on montmorillonite and
kaolinite should be about 1.5-1.8 pH units lower than
bulk pH (Stumm and Morgan, 1970). Water in excess
of sorbed water reduces the catalytic activity of the
surface by reducing the concentration gradient across
the double layer thus providing a larger volume of free
water in which reactions can take place at pH values
closer to those in bulk water.

These results demonstrate that the moisture content
of soil is an important parameter needed for judging
the likely effect on hydrolysis reactions of agricultural
chemicals in soil systems. The results further suggest
that the surface effect is not restricted to special classes
of chemicals but is a general phenomenon perhaps for
all hydrolyzable structures which are catalyzed by H;O*
or HO-.

The addition of humic acid to clay reduces hydrol-
ysis rates by coating the surface and reducing the dou-
ble-layer effect. Possibly, sorption of the organic mol-
ecule to HA also contributes to the reduced rates. This
result suggests that in soils with moderate organic mat-
ter content, catalytic effects on hydrolysis will be small-
er than in soils with low organic matter.
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Pesrome—MHccienoancst 3hdeKT MOBEpXHOCTHON KUCJIOTHOCTH MOHTMOPHJUIOHHTA M KAOJUHUTA HA
fapaMeTpbl CKOPOCTH TIJIPOJiM3a PA3/IMYHbIX CEJIbCKO-XO3SHUCTBEHHbIX XMMHYECKHX COCUHEHHI MpH
U3MEHSIOIEHCs] BasKHOCTU. BblM BbIOpaHbl aTMIALETAT, UUKJIOTEKCEHOBAsi OKHCh, OPOMHUCTBIH M30-
oponun, |-(4-MeTokceidenun)-2,3-anokcpinponad ¥ N-MeTWI p-TaMJI KapfaMaT, Kak XapakTepHbIE
NPEACTABUTENM TIPYIIl XAMUYECKHX COENUHCHUH, KOTOpPbIE MPOSBIAIOT KHCHO-KATATH3APOBAHHDIH,
OCHOBHO-KaTAJM3UPOBAHHBIN, U HEUTPAJNbHBIA THAPOIU3bI. DTH COEIUHEHHUS, NOMNOJIHUTENBLHO K CBOEH
KOMMEPYECKOU JOCTYIIHOCTH B YHUCTOM BHUJE, UMEIOT XOPOILO OMpefe/ieHHbIE OJHOPOAHbIE KMHETHKH.
IIpycyTCTBHE MOHTMOPHJUIOHHTA HIIH KAOJHMHHTA B BOGHBIX CYCIEH3MAX UMEJIO HE3HAUMTENILHBIH 3¢heKT
Ha rnapameTp CKopocTH rufposmsa (k,), TOrga Kak yBeIu4yeHHE BJAXKHOCTH B CYXMX [JIMHAX O MAKCH-
MaJIbHOH BEJIMYHMHBI aIcOpOUMH BOJbI HaJI0 YBEJUUIEHHE CKOPOCTH THAPO/M3a cMecH B 10 pas.
VYBenuueHHe JlapaMeTpa CKOPOCTH THAPOJIM3A YKa3bIBacT Ha TO, YTO BejiduuHa pH Ha MOBEPXHOCTSIX
MOHTMOPHJUIOHUTa MJIH KAaOJMHUTa MOXET ObITh Ha | mo 2 pH Mevine yem oOmasi Benmuuua pH.
Bemvunna Kk, anst kapfaMaTta Ha moBepXHOCTH Na-MOHTMOpUNIOEMTA (00mas sesmuum#a pH = 8.5)
€CTh paBHa 6,4 X 107%ceK, 4To ABNAETCS PABHOZHAUHBIM NAPAMETPY CKOPOCTH IIpH Beqmyuuuax pH < 7.
MMapaMeTp CKOpPOCTH THAPONM3a CMECH YMEHBIIWICS B 4 pa3a, KOIJa BJIAXHOCTb NPEBLIUANA IPAHULY
ajicopOyemoii Bonel. Pe3syjiTaToM 10GaBiIeHUs TYMHHOBOH KHCJOTHI K TNIMHHCTHIM MHHEpaiaM ObLIO
YMCHBILICH)E BCANYMHDI IapaMeTpa CKOPOCTH TMAPOJIM3a CMECH Ha NOPSNOK okoio 40%. [E.G.]

Resiimee—Es wurde die Auswirkung der Oberflichenaziditit von Montmorillonit und Kaolinit auf die
Hydrolysegeschwindigkeitskonstante verschiedener im Ackerbau verwendeter Chemikalien bei verschie-
denen Feuchtigkeitsgraden untersucht. Athylacetat, Cyclohexenoxid, Isopropylbromid, 1-(4-Methoxy-
phenyl)-2,3-Epoxypropan und N-methyl-p-tolyl-Kabamat wurden als repréisentative Chemikalien aus-
gewihlt, die Sdure-katalysierte, Basenkatalysierte und neutrale Hydrolyse zeigen. Diese Chemikalien sind
nicht nur in reiner Form kéduflich erwerbbar, sondern haben aulerdem eine gut untersuchte Homogen-
kinetik. Die Anwesenheit von Montmorillonit oder Kaolinit in Wassersuspensionen hat nur geringe
Auswirkung auf die Hydrolysegeschwindigkeitskonstante (k,), wihrend die Zugabe von Feuchtigkeit zu
tm Ofen getrockneten Tonen bis zur Wassersittigung zu einer Zunahme der Hydrolysegeschwindigkeit
von Epoxid bis zu einem Faktor 10 fiihrt.

Die Zunahme der Hydrolysegeschwindigkeitskonstante deutet darauf hin, daf3 der Oberflachen-pH von
Montmorillonit oder Kaolinit 1-2 pH-Einheiten kleiner sein konnte als der Gesamt-pH. Der k,-Wert fiir
Karbamat an Na-Montmorillonit (Gesamt-pH 8,5) betriigt 6,4 X 10-8 sec™!, was einer Geschwindigkeits-
konstante bei pH-Werten =7 entspricht. Die Hydrolysegeschwindigkeitskonstante von Epoxid wurde um
den Faktor 4 verkleinert, wenn der Feuchtigkeitsgehalt die Grenze des Adsorptionsvermdogens fiir Wassers
iiberschritten hat. Die Zugabe von Huminsduren zu den Tonmineralen fiihrte zu einer etwa 40%-igen
Reduktion der Hydrolysegeschwindikeitskonstante von Epoxid. [U.W.]

Résumé—On a étudié 4 de variables contenus d’humidité I’effet de I’acidité de surface de la montmoril-

lonite et de la kaolinite sur les constantes d’allure d’hydrolyse de différents produits chimiques agricul-
turaux. On a choisi ’acétate éthyle, I’oxide cyclohexéne, la bromide isopropyle, I’1-(4-méthoxyphényle)-
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2,3-epoxypropane, et la carbamate N-méthyle p-tolyle carbamate comme représentants de classes de
produits chimiques qui exhibent des hydrolyses catalysées par un acide, une base, et neutres. Cas produits
chimiques sont disponibles commercialement, sous des formes pures, et ont en plus des kinétiques
homogenes bien caracterisées. La présence de montmorillonite ou de kaolinite dans les suspensions
aqueuses avait un effet moindre sur les constantes d’allure d’hydrolyse (k,), tandis que I'addition d’hu-
midité aux argiles sechées au four jusqu’a la limite de la sorption d’eau a résulté en une augmentation de
I’allure d’hydrolyse de ’epoxide par un facteur de 10. }

L’augmentation de la constante de I'allure d’hydrolyse suggére que le pH de surface de la montmorillonite
ou de la kaolinite pourrait étre 1-2 unités de pH plus bas que le pH de masse. La valeur k, pour la
carbamate sur la surface montmorillonite-Na (pH de masse = 8,5) est 6,4 x 10~%/sec ce qui est équivalent
a la constante d’allure pour les valeurs de pH =7. La constante d’allure d’hydrolyse de I’epoxide a été
reduite par un facteur de 4 lorsque le contenu en humidité a excédé la limite de la sorption d’eau.
L’addition d’acide humique aux minéraux argileux a resulté en une réduction d’a peu prés 40% de la
constante d’allure d’hydrolyse de I’époxide. {D.J.]
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